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Abstract

This study examined the role of educational robotics in fostering computational thinking in
elementary settings, both in classrooms and extracurricular programs. Among growing concerns
over K-12 students’ computational thinking deficits, the research evaluated the impact of Lego
EV3 and VEX IQ platforms. Data was sourced from lesson plans, student work surveys, and
teacher interviews and then subjected to thematic analysis using a qualitative approach. The
participants were Texas educators engaged in robotics instruction, even though specific robotics
statistics are absent in the Texas Education Agency. Instructional strategies varied from hands-on
experiences to translating mathematical concepts into robotic actions. A key finding was
robotics’ role in advancing computational and critical thinking skills. Teachers believed that
robotics went beyond a mere science, technology, engineering, and mathematics introduction,
promoting advanced computational thinking and linking creativity to real-world application.
Robotics challenges were seen to enhance students’ computational and critical thinking
capabilities. The study drew from constructionism theory, which promotes learning through
action and knowledge creation. In conclusion, educational robotics, reinforced by
constructionism, is essential for equipping students for a technologically advanced future. Early
exposure to robotics equips elementary students with vital 21st-century skills, enhancing their
science, technology, engineering, and mathematics preparedness.

Keywords: educational robotics, computational thinking, elementary education,

constructionism, science, technology, engineering, and mathematics (STEM)
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Chapter 1: Introduction

Educational robotics is becoming increasingly common in U.S. K-12 classrooms to
implement activities designed to foster the development of computational thinking skills
(Mizanoor Rahman, 2021). Hands-on engineering activities such as robotics promote
computational thinking and positively affect students’ achievement, engagement, and perceptions
of science, technology, engineering, and math (STEM; Fidai et al., 2020). Educational robotics
introduces hardware Kits with intuitive software platforms and course plans for instructors to
instruct students step-by-step. The drawback of these software platforms is that hardware kits
must be obtained for hands-on experience (Jung & Won, 2018). Virtual platforms for teaching
robotics and coding are available, providing financial advantages for educational environments
with cost-prohibitive budgets. However, teaching robotics with digital learning is different from
hands-on experiences (Jung & Won, 2018). This research study sought to understand the use of
educational robotics with elementary students as they developed computational thinking.
Background of the Study
Growth of Educational Robotics Participation

The examination of educational robotics has grown as educators and administrators seek
to include computer programming (coding) in the K—12 educational environment. Kafai and
Burke (2014) noted that the interest that began in the 1980s has gradually gained momentum
over the past several decades. The interest in educational robotics has grown because it adds a
new dimension to computer programming. Computer programming has been understood to be a
screen-based exercise. However, educational robotics provides an opportunity for physical
computing, using tangible age-appropriate hardware for educational interpretations. Researchers

have noted that educational robotics provide hands-on instructions that promote increased



engagement, intrinsic motivation to learn, and a heightened interest in STEM-related activities
(Bers et al., 2014; Huang et al., 2013; Nugent et al., 2010; Park, 2015; Ucgul & Cagiltay, 2014).

In 1980, Seymour Papert, a pioneer working with children learning to code, defined
“computational thinking” (Papert, 1980, p. 182). Computational thinking enables children to
establish ordered steps and algorithms to solve problems. Creating algorithms promotes the
development of sequencing ability, a foundation for successful reading and STEM (Toh et al.,
2016). More recently, the relationship between computational thinking and cognitive skills
developed in early childhood has been explored. According to Sullivan & Bers (2016a), “As
early as pre-kindergarten, children can master foundational concepts regarding programming a
robot, and children as young as seven years old can master concepts as complex as programming
a robot using conditional statements™ (p. 18). Mufioz-Repiso and Caballero-Gonzalez (2019)
revealed that middle school students who completed learning activities using educational
robotics increased their computational skills.
Increase Participation in Computer Science

The interest in promoting computer programming in schools is associated with
computational thinking as a problem-solving skill (Kafai & Burke, 2014; Lye & Koh, 2014;
Wing, 2006). Computational thinking is often used in educational technology. However, Kafai
and Burke (2014) explained that the term is often incorrectly assumed to mean thinking like a
computer. Computational thinking represents an array of strategies and problem-solving
approaches (Brennan & Resnick, 2012). Although computational thinking is linked to computer
programming in computer scientists and engineers, there are no limitations to the broad
reverberation for how students can approach and commence solving problems in any

circumstance (Wing, 2006).



Papanastasiou et al. (2019) and Sohn (2018) contended that the development of
computational thinking as a problem-solving tool would impact 21st-century employability in
STEM careers. Researchers enthusiastically support the integration of computational thinking as
a core competency for students from prekindergarten through higher education (Grover & Pea,
2013; Shute et al., 2017). Strengthening such skills will prepare students to live and work in a
rapidly changing world (Papanastasiou et al., 2019). Educational robotics has gained popularity
as a tool to promote students’ development of computational thinking as a vital 21st-century skill
(Grover & Pea, 2013; Merino-Armero et al., 2020; Mufioz-Repiso & Caballero-Gonzalez, 2019).
Robotics and coding technology teach students to problem-solve structurally. Educational
robotics is favored because students receive immediate feedback for their interaction and
observation with the robot (Bers & Sullivan, 2019; Kazakoff et al., 2013; Nic Réamoinn &
Devitt, 2019).

Computational thinking enables people to understand complex issues and create possible
solutions (Leonard et al., 2017). Computational thinking has four cornerstones. These
cornerstones include decomposition, pattern recognition, abstraction, and algorithmic thinking
(Shute et al., 2017). Decomposition entails evaluating a complex problem and dividing it into
manageable parts. Pattern recognition involves looking for similarities. Abstraction is the
narrowing technique that requires focusing on the essential data and ignoring the irrelevant
details (Wing, 2006). Finally, Wing (2006) contended that algorithmic thinking is a process that
establishes a step-by-step process to solve the issue.

Statement of the Problem
Computational thinking is a process (Tsai et al., 2019) that uses data structures, iterations,

and algorithms to construct a relevant solution based on systematic analysis (Bers & Sullivan,



2019). The lack of computational thinking skills can impede K—12 students from maximizing
their academic potential, creating warranted concerns for educational leaders (Ching et al.,
2018). Computational thinking is value-added for students because it reinforces learning and
communication, allowing students to troubleshoot and self-correct (Zhong & Li, 2020). In recent
years, educational robotics has gained popularity as an entry-level introduction to computational
thinking (Chevalier et al., 2020). Students benefit academically from a foundational
understanding of robotics and coding (Chevalier et al., 2020; Kong & Wang, 2019; Mufioz-
Repiso & Caballero-Gonzalez, 2019). The development of computational thinking skills is
necessary to thrive in the current digital age, as computers are increasingly used in problem-
solving. Ideally, this illustration provided teachers with insight into designing educational
robotics activities for computational skill development. Wing (2006) further contended that
everyone would benefit from computational skills, not just computer scientists.

The Texas Education Knowledge Skills (TEKS) provides standards for academic
instruction. Computational thinking is addressed in the TEKS in math at all grade levels K-12.
Technology TEKS are also included to maximize learning for student’s preparation for the
workforce. The State of Texas Assessments of Academic Readiness (STAAR) is used to assess
student learning identified in the TEKS. Statewide in K-12, the STAAR math scores showed
deficits in student learning. The low performance in math scores identified computational
thinking as an area of needed growth.

The current study involved instructors of robotics education in Texas. Robotics
instructors represent a tiny percentage of the state population. There is no formal data to
determine the number of robotics instructors across the state because the Texas Education

Agency (TEA) does not maintain statistics on robotics instruction. Additionally, noncertified



classroom instructors such as contractors or volunteers teach many extracurricular robotics
programs. Robotics and coding provide an opportunity to include real-life contextual experience,
promoting students’ willingness to engage in authentic and experiential learning (Papanastasiou
etal., 2019). There is a positive relationship between participation in educational robotics,
coding, and computational thinking (Angeli & Valanides, 2020; Arfeé et al., 2020; Durak et al.,
2019; Gunbatar, 2020; Merino-Armero et al., 2020; Min & Kim, 2020; Papavlasopoulou et al.,
2020). Consistent participation in computational thinking exercises strengthens a student’s
ability to transfer problem-solving skills to other disciplines (Bers & Sullivan, 2019). Further
research about computational thinking through educational robotics (an emerging technology)
will identify early childhood learning outcomes with computational thinking and problem-
solving proficiencies (Bers & Sullivan, 2019). Additionally, the current research provided
educational leaders with data to enhance students’ efficiency in drawing conclusions or
predictions on complex or open-ended problems.

Purpose Statement

Technological innovations have dramatically changed education from multiple
perspectives (Papanastasiou et al., 2019). Robotics technology has become an influential
component in everyday activities. As a result, educational robotics has gained momentum as an
educational tool.

The purpose of this qualitative descriptive study was to understand the role of educational
robotics in elementary-aged students in developing computational thinking skills through
analysis of elementary robotics instructors’ experiences and observations. Some elementary
schools in Texas offer educational robotics as an enrichment class for elementary students, while

others as an after-school program. Researching educational robotics as a descriptive study



provided data to understand educational robotics’ role in developing computational skills. This
systematic process contributes to the knowledge base of school administrators and policymakers
to improve the pedagogical practices in early childhood education (Merriam & Tisdell, 2016).
Research Questions

The results provided educators, administrators, and parents insight into elementary
students’ computational thinking processes. The essential research questions for this qualitative
study were as follows:

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?

Definition of Key Terms

Algorithms. Algorithms are the creation of a plan that shifts through data, looks for
trends, and makes decision-based predictions from the previous data (Arfe et al., 2020).

Bug. A bug in the code is an error or defect in the written computer program (Noh & Lee,
2020).

Computational thinking. Computational thinking is a systematic thought process. The
process approaches problem-solving by analyzing and decomposing the problem into more
minor challenges. Finally, the process establishes a plan to measure and evaluate if the goal is
met (Tang et al., 2020).

Constructionism. The assertion is that using tactile methods will enable higher levels of

comprehension (Papert, 1980).



Critical thinking skills. The ability to evaluate and then align thoughts and actions with
the evaluation using an alternate perspective (Cruz, 2019).

Educational robotics. Educational robotics uses constructionist learning theories.
Kindergarten through twelfth grade (K—12) interact with age-appropriate robotic resources to
design and construct, moving the experience from abstract to tangible (Bers et al., 2014).

Engineering design process. A circular cycle with six process steps for trial-and-error
solutions that include identifying the problem, imagining solutions, designing a solution, creating
the design, testing the design, and making improvements (Leonard et al., 2017).

EV3 Mindstorm®. The third-generation educational robotics kits designed for children
by Lego®.

STEM. Acronym for science, technology, engineering, and mathematics. The stem is an
integrated curriculum that includes an inclusive course for instruction (Acar et al., 2018).

VEX I1Q. The educational robotics platform is designed for use in elementary and middle
schools.

Chapter Summary

In recent years, robotics and coding technology have vastly grown in several industries,
including K-12 education. Educational robotics is a resource that can be applied to individual
subjects, practical exercises, lab classes, and projects to teach, illustrate, and practice engineering
concepts. As technology advances, the requirements of analytical skills, systematic learning,
creative thinking, innovative problem-solving, and contextual learning are growing in academics.
Chapter 2 highlights the research literature regarding the impact of educational robotics and
computational thinking on the academic achievements of elementary school children. The topics

include computational thinking and STEM education, the pedagogical value of instructors,



learning through coding or programming and development of computational thinking, learning
through problem-solving approaches involving computational thinking, differences in gender and
race regarding the effectiveness of educational robotics-based interventions in academics,

students’ self-efficacy, and STEM participation.



Chapter 2: Literature Review

Educational robotics (ER) activities have become increasingly dominant in educational
settings in several countries to support creative learning, innovative thinking, problem-solving,
and knowledge about information technology (IT). The role of ER in enhancing computational
thinking (CT) skills is worth analyzing and researching due to its growing trends. The insight
into literature provides the themes in which ER and CT are influential in nurturing different
aspects of education. The role of ER in fostering skills in STEM education is proven through the
development of creative learning, innovative thinking, and the ability to solve problems through
coding and programming (Cannon-Ruffo, 2020; Chevalier et al., 2020; Chiazzese et al., 2019).
Literature Search Methods

The literature search strategy focused on research that linked ER and CT. The initial
search required a concise understanding of the history and development of computational theory.
The literature search was primarily the online Abilene Christian University (ACU) library,
including but not limited to Academic Source, Academic Search, Directory of Open Access
Journals, and Science Direct databases. Additional search engines used included Google and
Yahoo. The keywords used to conduct the search included educational robotics, coding in
elementary education, and computational thinking.
Theoretical Framework

Papert’s (1980) constructionism theory established the relationship between ER and CT.
ER provides students with opportunities to participate in constructionist learning experiences.
Seymour Papert’s (1980) theory proposed that learners build knowledge through the act of

constructing something. The theory contends that humankind builds knowledge through the
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interaction between one’s experiences and ideas. His perspective of constructivism insists that
humans are the basis of the knowledge creation and acquisition process.

The constructionism framework provides opportunities for children to develop projects
through hands-on engagements. A physical object provides opportunities for children to engage,
explore, and experiment with relevant representations. ER can create scenarios to contextualize
real-life experiences, promoting students’ willingness to engage in authentic and experiential
learning (Papanastasiou et al., 2019). Resnick et al. (2009) further described the fundamental
idea of constructionism as learning by doing. Several researchers have employed constructionism
as a foundation for robotics and coding activities to promote coding, problem-solving, critical
thinking, and collaborative skills (Papavlasopoulou et al., 2020).

Blikstein (2018) proclaimed that ER promotes thinking and learning that creates
knowledge construction, allowing uninhibited creative ideas in the learning and development of
education. According to Bers et al. (2002), the four pillars of constructionism are (a) learning by
doing, with hands-on activities; (b) object recognition, which supports developing ways of
thinking when learning about abstract phenomena; (c) powerful ideas providing connections
between current knowledge and unknown real-world concepts; and (d) self-reflection facilitates
mastery of intricate thinking patterns for problem-solving. When children participate in ER and
coding, learning is more effective because of the authentic contexts (Lye & Koh, 2014; Slangen
etal., 2011).

Learning by doing, also known as experiential learning, is a method of acquiring
knowledge and skills through direct experience or practice (Scogin et al., 2017). Kolb (1984)
defined experiential learning as a pedagogy that uses experiences and abstract models. The

theory suggests that this method can be an effective way to learn because students tend to
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perform better on assessments and retain information longer because it allows individuals to
actively engage with the material and apply it to real-world settings. Mayoral-Rodriguez et al.
(2018) concluded that students who participated in experiential learning activities had better
problem-solving skills than students who only received traditional instruction. Kong (2021)
found that students who learn through hands-on activities report higher learning engagement and
better learning outcomes than students who did not participate in experiential learning.

Moye et al. (2017) concluded that students learn standards-based curriculum by doing
hands-on activities. However, most curriculum identifies very few opportunities for tinkering,
troubleshooting, or problem-solving using hands-on activities. Skills learned by doing encourage
students to apply learned knowledge to other situations and to identify and create solutions for
unexpected problems without specific instruction. Problem-solving involves more ingenuity,
learning from failure, and the willingness to persevere (Moye et al., 2017).

Knowledge is not instructor-transmitted but something constructed, originating from the
student’s thoughts and, therefore, ensuring enthusiastic learning (Papert, 1980). This pedagogy
suggests that instructors become knowledge facilitators rather than knowledge transmitters.
When the pedagogy moves toward constructionism, the learner needs an object to be built.
Papert (1980) suggested that learning is most effective when the learner builds real-world objects
for recognition. Object recognition promotes the knowledge that is constructed within the
learner’s mind based on existing knowledge and builds on new encounters. Bers et al. (2002)
suggested that students who were taught using object recognition could better connect abstract
concepts and real-world objects, thus creating a better understanding and visualization of

complex ideas.
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Powerful ideas are fundamental concepts useful to understanding a particular subject or
field of study. In elementary education, powerful ideas connect different subjects to help students
see the connection between what they are learning and real-world concepts. Holbert (2016)
explained that powerful ideas are connectors that not only provide explanations of infinite
phenomena but also provide a gateway entry for understanding other unknown concepts or
principles. A powerful idea provides insight into concepts or theories of other bigger ideas
(Papert, 1980). When students are exposed to powerful ideas, they are able to understand the
relevance of the concepts they are studying and its application to the real world more easily.
Powerful ideas promote diversity of growth with new encounters, concepts, and viewpoints
(Kelter et al., 2021; Makri et al., 2015). Papert (1980) suggested, “Powerful ideas themselves are
the most powerful of powerful ideas” (p. 76). Powerful ideas are associated with other ideas,
including (a) individual to the pupil and (b) directly involved in providing answers for problems
of personal significance (Papert, 2000).

Constructionism proposes that learners construct individualized identification and
understanding of the world through experiences and reflection on those experiences (Papert,
1980). When students grapple with learning new concepts, they build an association of new
experiences with their current knowledge. Knowledge growth revolves around building an object
to think with and self-reflection during the current experience to construct meaning (Byrne et al.,
2021). Reflections foster contemplation, which helps to facilitate mastery of more intricate
thinking patterns for problem-solving (Morado et al., 2021). Slangen et al. (2011) contended that
ER students could use the constructivism principles learned across several curriculum content

areas, including but not limited to STEM.
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Literature Review
Computational Thinking and STEM Education

The demand for STEM education is multiplying due to advancements in these fields
(Cannon-Ruffo, 2020). Identifying instructional methods to foster STEM education in the K-12
environment is vital for the economic viability of countries like the United States. In a research
thesis, Cannon-Ruffo (2020) presented a novel concept of STEM learning through ER that works
on the theories of constructionism and CT (Cannon-Ruffo, 2020). Various research studies show
significant improvement in STEM education through ER intervention (Cannon-Ruffo, 2020;
Chevalier et al., 2020; Chiazzese et al., 2019). The intervention measures and results are useful
for curriculum designers to integrate ER-based methods for educational environments that will
lay a solid foundation for STEM learning and attainment (Cannon-Ruffo, 2020).

The relationship between ER and educational attainment in STEM education was
significant in different studies (Chiazzese et al., 2019). Researchers have focused on developing
CT skills among K—12 students of different subject groups (Reich-Stiebert et al., 2020). A
positive relationship exists between robotics-based tasks and students learning CT skills
(Chiazzese et al., 2019). More time spent by the students solving the robotics-based tasks leads
to better development of their CT skills. Similarly, STEM training favors academic achievement
in science and mathematics (Acar et al., 2018). Moreover, students with extended training are
more likely to take more courses in the future (Acar et al., 2018). Acar et al. (2018) reminded
scholars that STEM training does not explicitly include ER, but the theoretical background of ER
comes from core fields in science and mathematics that require students’ keen interest in

growing their skills.
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Computational Thinking Curriculum

The challenges for instructors and curriculum designers are increasing to strengthen CT
concepts and increase students’ collaborative learning (Baroutsis et al., 2019). In a research
study, Baroutsis et al. (2019) designed a learning activity in which students of year 2 classes
analyzed the coding sequences (of varying complexity) for solving simple problems using
Beebots. The results showed the effectiveness in students’ engagement in higher-order thinking
skills (Baroutsis et al., 2019). As the instructors focus more on the “technology” and
“engineering” of STEM, the learning opportunities for students are increasing manifold (Sullivan
& Bers, 2016b). Children tend to develop programming and robotics skills even early and
become proficient in solving intricate coding tasks in their higher classes (Sullivan & Bers,
2016b). The research showed statistically significant results in understanding complex
mathematical concepts based on the active pedagogical design that incorporates motivation, fun,
and interest in the content studied (Saez-Lopez et al., 2019).

Bers and Sullivan (2019) researched the impact of the application of childhood robotics
on the mental development, CT skills, and creative thinking of children in early years education
programs. The researchers developed a pedagogical design model, “Coding as a Playground,” to
inspire the utilization of ER in the classroom environment (Bers & Sullivan, 2019). The Positive
Technological Development (PTD) framework developed by the researchers included the KIBO
robotics kit for boosting CT skills as a unique tool for young children (Bers & Sullivan, 2019).
The research study included 172 preschool children aged 3-5 years from three Spanish early
childhood centers (Bers & Sullivan, 2019). The results showed positive effects of introducing
robotics in education for students even before 3 years of age (Bers & Sullivan, 2019). The

instructors showed confidence in applying different coding and programming tasks in their
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classrooms to nurture CT in their formal settings (Bers & Sullivan, 2019). As the children grow,
they will carry these skills and capabilities to solve complex tasks and problems (Bers &
Sullivan, 2019).

Instructors should induce problem-solving and creative-thinking skills by allowing
students to design coding systems for problems with multiple solutions (Baroutsis et al., 2019).
Moreover, ER stimulates CT skills among students (Baroutsis et al., 2019). Digital learning
opportunities in modern classrooms raise students’ computational intelligence levels (Sullivan &
Bers, 2016b). As the students learn through robotics, their mind learns to analyze problems from
different dimensions. Robotics student participants learn systems thinking and decomposition
approaches to tackle different problems and develop a feasible solution (Saez-Ldpez et al.,
2019).

Chevalier et al. (2020) designed a robust model for creative computational problem-
solving through ER. The significant contribution of this research work is designing a framework
for implementing ER to foster CT skills (Chevalier et al., 2020). The authors discussed the
practical implications of ER, curriculum requirements, and constraints for instructors (Chevalier
et al., 2020). Moreover, the researchers provided a model that allowed instructors to identify
relevant CT concepts for different phases of ER activities (Chevalier et al., 2020).

Educational Robotics Platforms

Lego® EV3 is an ER platform designed for elementary school students. The robot Kits
consist of building blocks, motors, and sensors that can be assembled to create a variety of robots
completing several tasks (Lego Education, 2023). The EV3 robot is directed by a programmable
brick serving as the robot’s brain. Using a graphical programming language can also control the

robot. The platform aims to instruct children on robotics, programming, and engineering basics.
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Currently, the robotic platform is used in several educational settings, which include but are not
limited to classrooms, after-school programs, and science clubs. The Lego® EV3 platform has a
vast community of users, facilitating learning and experimentation support.

VEX IQ, on the other hand, is a more advanced ER platform. It is designed for beginners
starting in elementary school to more advanced students in middle and high school. The Vex
Robotics (2023) platform is designed for competitions and provides more challenging
experiences to those interested in engineering and programming. The platform includes a
programmable brain, several sensors, and multiple motors. The VEX 1Q robot can be controlled
by a remote and by using a graphical programming language. The VEX IQ model includes local,
state, and world championship level competitions (Vex Robotics, 2023). The platform users have
several resources available if the team desires to participate in an event or challenge.

Both Lego® EV3 and VEX 1Q are popular robotics platforms used in education and are
available worldwide. While Lego® is intended for beginners in primary school, it also provides
user-friendly instructions for those inexperienced with robotics and coding; VEX 1Q is designed
for more experienced users and provides a more challenging and competitive experience.
Educational Impact of Educational Robotics

ER-based education promotes higher-order learning skills for students by visualizing the
problems in diverse domains and decomposing complex problems into small blocks (Aggarwal,
2011; Baroutsis et al., 2019; Chevalier et al., 2020). Self-efficacy in programming also induces
different programming skills and CT functioning, strengthening students’ cognitive and
noncognitive behaviors for academic attainment (Arfé et al., 2020; Avcu & Ayverdi, 2020). The
literature also explored the role of gender in developing CT skills. It showed that boys are more

interested in coding and programming in STEM education, while girls are more interested in
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collaboration and creativity (Angeli & Valanides, 2020). The proposed study will contribute to
the research field of ER-based education and its impact on CT skills for elementary school
children by emphasizing different intervention measures that promote problem-solving, decision-
making, and syntactic learning.

Most of the literature regarding the application of robotics in STEM education focuses on
short-duration intervention measures (Zhang et al., 2021). To achieve sustainable growth in
observing STEM outcomes, instructors and curriculum designers should regularly monitor the
effectiveness of robotics in different aspects of STEM education (Zhang et al., 2021). As the
students advance to higher-level classes, the instructors could expose them to technologies like
virtual reality, animation, and 3D programming to raise the level of STEM attainment (Zhang et
al., 2021). Through ER, students learn different aspects of technology, particularly the
application of robotics in real life (Castro et al., 2018). The technological and engineering
knowledge of the students increases through awareness of robotics in education (Castro et al.,
2018). Moreover, the CT skills and motivation to learn STEM subjects come from the attractive
learning environment that could be created through robotics and other technological games
(Barak & Assal, 2018). Knowledge and contextual awareness of complex subjects like STEM
require rigorous CT and high motivation (Barak & Assal, 2018).

The impact of ER on students’ cognitive, social, and moral skills is worth exploring (Toh
et al., 2016). Robotics encourages students to spend more time learning technology and
engineering designs that form an essential part of CT (Durak & Saritepeci, 2018; Durak et al.,
2019; Toh et al., 2016). During the past decade, with the radical changes in the way instructors
deliver instruction through technological aids like robotics, the learning environment has become

more conducive to learning technology and science (Toh et al., 2016). Moreover, the relationship
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between the levels of CT and reflective thinking related to problem-solving is vital, which shows
that programming, coding, and robotics could instill decision-making and problem-resolution
skills (Durak et al., 2019). Through robotics and technological aids, students can quickly develop
programming self-efficacy that would benefit their future careers and learning curve (Durak et
al., 2019). The students can overcome their weaknesses in different areas of STEM education by
seeking assistance from semantic learning through ER (Acar et al., 2018). Institutions could
arrange specialized courses to train their students in STEM areas through ER (Acar et al., 2018).
Coding or Programming and Computational Thinking

CT represents a universally desirable attribute that every student and professional must
possess, irrespective of the field (Papavlasopoulou et al., 2020). The CT functioning and skills
enhance the mental capabilities of students in a diverse range of fields, including STEM,
linguistics, and artistic design (Papavlasopoulou et al., 2020). Therefore, implementing CT
through ER and coding or programming in educational regimes fosters higher academic
achievements and practical decision-making skills (Acar et al., 2018; Arfé et al., 2020; Cannon-
Ruffo, 2020). When instructors introduce basic coding and programming in early school
education, the students develop CT skills by building basic programming blocks and strategy-
making to accomplish small goals (Arfé et al., 2020; Bers & Sullivan, 2019).

Improving programming self-efficacy could be quite useful for inducing CT skills among
talented students. Avcu and Ayverdi (2020) analyzed the significance of the relationship between
the computer programming self-efficacy of highly skilled students and their CT skills. The
researchers measured CT skills and computer programming self-efficacy using relevant
standards (Avcu & Ayverdi, 2020). The statistical results demonstrated a significant positive

association between computer programming self-efficacy and CT skills among talented students
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(Avcu & Ayverdi, 2020). Thus, the research results supported the idea that computer
programming self-efficacy influences CT skills (Avcu & Ayverdi, 2020). This study provided
the noncognitive aspects of CT behavior among students. These results complement the research
regarding cognitive development among students to demonstrate CT functioning and behavior
(Chevalier et al., 2020; Ginbatar, 2020; Stewart et al., 2021). As students practice programming
and coding skills in STEM education, the behavioral approach facilitates creative learning, a
desirable objective from a CT perspective (Chevalier et al., 2020).

Researchers have analyzed the positive impact of coding and programming on students’
decision-making and creative thinking skills. The research effort of Arfé et al. (2020) explored
the effects of programming skills on children’s cognitive development. Through a cluster
randomized controlled trial, the researchers analyzed the impact of coding skills of first-grade
children on important cognitive functions of planning and response inhibition (Arfé et al., 2020).
The study’s results showed that the children who used coding.org improved their ability to solve
programming tasks and their executive functions like planning tasks and the inhibition of the
prepotent responses (Arfé et al., 2020). Thus, coding and programming enhance academic
outcomes and strengthen behavioral and problem-solving skills, as supported by different studies
(Baroutsis et al., 2019; Papavlasopoulou et al., 2020). The mental growth of the students in
perceiving different problems and tackling them through programming depends on their
educational interventions and academic environment to promote technology and ER-based
education (Julia & Antoli, 2016; Negrini & Giang, 2019).

The literature also provided valuable insight into the benefits of learning programming
and coding for students to develop creative thinking and deepen understanding regarding the

introduction of CT skills in the school curriculum (Arfé et al., 2020). Moreover, these benefits
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are essential from the pedagogical design point of view for strengthening the aspects related to
CT and programming in different courses (Arfé et al., 2020). By designing coding lectures,
instructors can quickly scaffold the CT skills and abilities that positively impact cognitive skills
(Arfé et al., 2020). The students are able to diversify their knowledge and skills regarding
applications of CT functioning in engineering, mathematics, and other subjects that require
programming and visualization (Julia & Antoli, 2016; Negrini & Giang, 2019).
Developing Students’ Executive Functions

According to Kim et al. (2021), “Executive functions are domain-general cognitive skills
that predict foundational academic skills such as literacy and numeracy” (p. 2119). As students
develop, the environment of the institutions and curriculum designs should nurture their
executive functions as a set of creative and CT skills (Arfé et al., 2020). Academic institutions
strive to polish children’s executive functions for better career opportunities and well-being
(Acar et al., 2018; Arfeé et al., 2020; Cannon-Ruffo, 2020). Few researchers have discussed
boosting cognitive skills, critical thinking, and executive functioning through a curriculum
designed for primary or secondary schools (Avcu & Ayverdi, 2020; Da Cruz Alves et al., 2019).
Arfé et al. (2020) analyzed the role of coding in the primary grades for improving students’
cognitive functioning performance. Arfé et al. (2020) used randomized controlled trials by using
an intervention measure of 1-month coding activities and assessed the impact of these skills on
CT and creative thinking capabilities (Arfé et al., 2020). There is a clear advantage to using
coding and programming exercises in the curriculum to boost students’ CT functioning (Arfé et
al., 2020). Children’s spontaneous executive function development depends heavily on CT skKills

and cognitive load. Therefore, the governments of multiple countries must focus on designing
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academic curricula based on the modern century’s requirements regarding technological
assistance, ER, and programming interventions.

One of the most underinvestigated fields is the measurement of CT skills objectively,
which entails the efficacy of applying programming or coding tasks or ER (Gtinbatar, 2020).
Computer programming attitude and computer programming self-efficacy could provide a
practical quantitative assessment of CT skills among students for examining CT skills and
programming attitudes (Gunbatar, 2020). With the help of different courses and intervention
measures, instructors and instructional designers can improve student CT scores. The instructors
could design specialized tasks for children to examine their interest in programming skills and
CT functioning and enhance their mental growth in scientific disciplines (Avcu & Ayverdi,
2020; Da Cruz Alves et al., 2019). Moreover, the instructors could foster the STEM education
and contextual development of these subjects through CT skills and assess this functioning
regularly to maintain academic attainment (Avcu & Ayverdi, 2020; Da Cruz Alves et al., 2019).

Some studies (Avcu & Ayverdi, 2020; Bers et al., 2014; Gunbatar, 2020) supported the
development of a framework including specialized courses for IT and robotics for nurturing
creative thinking and programming skills. Moreover, these actions will enhance the objective
scoring of CT behaviors. While supervising the CT functioning, the instructors will realize the
roadmap toward sustainability in technological and STEM education (Avcu & Ayverdi, 2020;
Da Cruz Alves et al., 2019). As the students move from primary to secondary schools and then to
higher educational levels, their CT assessment becomes important in diagnosing cognitive

functioning and mental health (Avcu & Ayverdi, 2020; Da Cruz Alves et al., 2019).
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Technological Innovations in Educational Robotics

Children encounter technological innovations and robotics in their daily lives, enabling
them to get hands-on experiences with scientific features (Kazakoff et al., 2013). Examples are
automatic hand dryers, towel dispensers, automatic doors, and robotic vacuum cleaners
(Kazakoff et al., 2013). The distinct features of ER enhance the vision of the students regarding
the conceptualization of robots and the systems of robots (Jung & Won, 2018). The robots have
human-like features and provide a mechanical understanding of various concepts that assist in
building visualizations. The actual hardware and hidden software features provide the feeling of
building blocks. When ER acts in a specific manner, the students learn systematic problem-
solving and syntactic skills (Jung & Won, 2018). Young children could enhance their conceptual
ideology about programming and coding by observing the motion of robots (Jung & Won, 2018).

The technological and psychological perspectives of ER-based learning are essential to
fostering valuable concepts in the minds of young students (Jung & Won, 2018). Moreover, the
students could get involved in story-based tasks or games through robotics to transform
anthropomorphic perspectives into technological vision (Jung & Won, 2018). As students learn
robotics-based tasks and programming languages in the classrooms, their sequencing capabilities
improve (Kazakoff et al., 2013). Hand-on experiences with educational robots, gaming
experiences, and strategic toys cultivate engineering design concepts in students’ minds
(Kazakoff et al., 2013). Considering these research findings, instructional designers need to
implement basic-level robotics in their classroom environment for better scientific perception,

engineering design focus, creative problem-solving, and syntactic learning.
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Teaching Through Computational Thinking Processes

There is a positive association between ER and systematic learning of scientific concepts
(Arfé et al., 2020; Barak & Assal, 2018; Cannon-Ruffo, 2020; Chevalier et al., 2020).
Nevertheless, realizing the true potential of robotics and programming languages depends on the
design of the classroom environment and course contents (Barak & Assal, 2018). In most
conventional classrooms, only some students can grasp the context and real-world application of
the STEM fields (Barak & Assal, 2018). To nurture healthy concepts among all students,
instructors must introduce favorable ER activities and creative problem-solving tasks (Barak &
Assal, 2018).

The programming skills for children are not limited to coding but include opportunities
for CT functions that involve problem-solving through abstraction and decomposition (Lye &
Koh, 2014). Research scholars have presented the three dimensions of CT skills as concepts,
practices, and perspectives (Lye & Koh, 2014). Due to the availability of accessible and user-
friendly programming languages, educational curriculum designers include them in courses for
K-12 students to familiarize them with programming and syntactic learning (Lye & Koh, 2014).
Programming and robotics’ role in improving CT skills and computer sciences is also relevant
(Negrini & Giang, 2019). Technological innovation, including robotics and programming, could
effectively raise the students’ interest in solving engineering design and computer science
problems (Negrini & Giang, 2019).

The practical learning of students emerges from the environment of meaningful content
and relevance of the activity (Papavlasopoulou et al., 2020). Educational themes that include
real-life settings support psychological and sociocultural elements for effectively incorporating

CT elements (Papavlasopoulou et al., 2020). When students perceive meaningful context in their
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subjects, their minds automatically create artifacts or spatial cognition to realize the world
physically (Barak & Assal, 2018). The robots trigger children’s creative imagination as they
often imagine robots replacing people in performing different tasks (Barak & Assal, 2018). ER
integrated with programming activities often provide the benefits of teaching STEM fields,
broadening scientific inquiry, and reducing psychological and cultural barriers to learning
science and technology (Barak & Assal, 2018).
Programming Languages Support Computational Thinking Concepts

Robotics and visual programming languages strengthen students’ mathematical and
scientific foundation for learning (Sédez-Lopez et al., 2019). Based on active methodologies to
implement programming through visual tools and ER, the students can learn motion, engineering
design, robotics applications, sequences, and conditionals (Saez-L6pez et al., 2019). The
acquisition of computational concepts and technological learning stems from enthusiasm,
motivation, commitment, fun, and interest in the content studied (Saez-Lopez et al., 2019). The
programming activities could boost individualistic behavior to solve complex problems through
decomposition and sequencing and allow active taxonomy for active learning experiences (Saez-
Lopez et al., 2019). The growing trends of robotics and programming in education are leading to
career opportunities in scientific learning, artificial intelligence, and data mining (Sohn, 2018).
Technology assists in creating different landscapes in promoting scientific learning and
knowledge acquisition (Sohn, 2018).

The research demonstrated a fruitful acquisition of computational concepts, mathematical
models, and scientific ideas when working with approaches that require the active participation
of students (Saez-Lopez et al., 2019). The students must show fun, motivation, enthusiasm, and

fun while attending the programming or robotics courses to achieve the desired academic
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attainment (Séez-Lopez et al., 2019). The students favor incorporating technology-oriented tasks
in their educational curriculum that require collaboration and active learning from the students.
Séez-Lopez et al. (2019) also stated the advantages of teaching coordinates, mechanical motions,
engineering design concepts, values, and integer numbers as motivation for students to learn the
operation of robotics and its related applications. By focusing on teamwork and collaboration,
motivation multiplies due to the synergy of efforts, and the students can achieve the highest
academic outcomes in a healthy learning environment (Avcu & Ayverdi, 2020; Chiazzese et al.,
2019; Ching et al., 2018; Zhang et al., 2021).

As the students grow from basic programming to advanced computational skills
throughout their K—12 education, their psychological and metacognitive abilities also increase
(Séez-Lopez et al., 2019). The primary themes of sequences and loops provide syntactic learning
for students in early grades, while more sophisticated robots enhance real-life visualization of the
engineering applications that involve robotics and computer programming (Saez-Lopez et al.,
2019). When students use ER with visual programming in mathematics or other subjects related
to coordinates and integers, they can apply the mathematical concepts they learn in classes to
applications in the visual programming units (Saez-Lopez et al., 2019). Other researchers also
supported this idea and proposed that ER-based interventions, technological interventions, video
games, and strategic programming tasks could increase the motivation of students to achieve
better results in complex subjects (Acar et al., 2018; Avcu & Ayverdi, 2020; Cannon-Ruffo,
2020; Glinbatar, 2020). Moreover, the CT functioning of students improves through these

educational learning opportunities.
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Predictors and Lasting Impact of Teaching Computational Thinking

CT skills stem from multiple factors and predictors that are important in leading toward
the desired competency level (Stewart et al., 2021). Instructors could set learning outcomes for
students in a specific way to strengthen competency skills in the niches of problem-solving and
innovative designing (Cannon-Ruffo, 2020; Chiazzese et al., 2019). The researchers found
problem-solving to be one of the strongest predictors of CT skills (Arfé et al., 2020; Avcu &
Ayverdi, 2020; Stewart et al., 2021). According to the cognitive evaluation theory, students
could develop learning styles, feelings toward teamwork and collaborative tasks, learning
motivation, perceived motivation, and other aspects of problem-solving skills by applying
technological or programming tasks in educational settings (Stewart et al., 2021). In a
collaborative robotic environment, the preferred learning model for students is teamwork,
enhancing perceived competence in building and programming a robot (Stewart et al., 2021).
Students tend to enjoy their tasks when integrated with robotics and programming, increasing
their chances of developing core CT competencies.

Applying robotics and programming elements in educational settings requires
consideration of traits that lead to higher achievement in STEM fields and programming
(Strawhacker et al., 2018). Educators must show flexibility in terms of responsiveness to the
requirements of students, lesson planning, expertise in technological content, and the concern for
developing CT strategies and independent thinking (Strawhacker et al., 2018). The implications
of developing CT strategies in different fields include enhancing collaborative learning, applying
sequencing tasks to solve problems, and creative task planning to achieve higher academic
success (Strawhacker et al., 2018). In some cases, the open-ended design of the computational

tasks broadens the vision of the students to solve complex tasks (Strawhacker et al., 2018).
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Integrating robotics and programming in early childhood education increases the chances
for students to grasp important concepts of sciences and technology (Sullivan & Bers, 2016a).
Robotics provides a playful and collaborative way for students to engage in healthy activities of
learning STEM fields. Countries like Singapore, the United States, and the United Kingdom
strive to implement robotics in their early school programs to make their young students learn
core scientific disciplines easily (Sullivan & Bers, 2016a). The instructors in such academic
settings must provide an interactive and collaborative environment to engage with the school
community to foster programming and sequential development skills (Sullivan & Bers, 2016a).
Young children develop their opinions regarding different forms of technological innovation that
lead to exciting engineering designs and robotics (Sullivan & Bers, 2016a).

Durak et al. (2019) determined the skills of secondary school students regarding
programming self-efficacy, CT, and reflective thinking in different problem-solving situations.
Also, they examined their experiences in the programming training process on different kinds of
robotics activities (Durak et al., 2019). The researchers analyzed the performance of 55 seventh-
and eighth-grade students at a secondary school in the Western Black Sea region of Turkey from
2017 to 2018 (Durak et al., 2019). The study utilized a mixed-model approach and various scales
in the quantitative dimension (Durak et al., 2019). The study’s results showed a moderate level
of improvement in programming skills, CT functioning, reflecting thinking, and programming
self-efficacy (Durak et al., 2019). Depending on the grade level, programming self-efficacy
varies (Durak et al., 2019). Thus, the researchers established a positive relationship between ER

or programming tasks on reflective thinking and programming self-efficacy (Durak et al., 2019).
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Computational Thinking

There is an initiative to promote the participation of girls in math and science. In the
study, the participants included boys and girls in a coed classroom. There was a potential that the
instructor would observe differences in learning because gender differences exist in terms of
applying skills in programming, robotics, and CT functioning (Sullivan & Bers, 2016b). The
research showed that boys’ performance is superior to that of girls in solving complex
programming tasks such as repeat loops with different application parameters (Sullivan & Bers,
2016b). This difference may be due to a lack of confidence among girls in early school settings
(Sullivan & Bers, 2016b). The behavior of the gender is also different in solving mathematical
problems (Sullivan & Bers, 2016b). For example, the girls prefer solving mathematical questions
using modeling or counting strategies. However, boys use abstract strategies they already know
to solve mathematical complexities (Sullivan & Bers, 2016b). Therefore, boys outperform girls
in different STEM field tasks requiring a systematic learning approach (Sullivan & Bers, 2016b).

The role of gender is vital in learning CT skills through different educational scaffolding
activities (Angeli & Valanides, 2020). The learning pattern of boys is different from that of girls
depending on their behavioral approach, mental models, and sequencing skills (Angeli &
Valanides, 2020). The research showed that the boys seem to benefit more from ER involving
kinesthetic, individualistic, and manipulative-based activities with the help of cards (Angeli &
Valanides, 2020). However, the girls benefitted more from the collaborative tasks that involved
teamwork.

The research studies showed successful learning experiences from ER-based education
for both genders (Jung & Won, 2018). In the literature regarding gender differences and CT

functioning, ER focuses on the academic achievements that provide significance of the
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association of technological interventions and robotics with higher perception and learning in
STEM fields (Jung & Won, 2018). Gender should only be considered as a biological
construction, cultural aspect, or social norm to indicate different behaviors and approaches
toward technological interventions (Jung & Won, 2018). Boys and girls benefit from hands-on
experiential learning and robotics because results can lead to increased engagement and
motivation in stem subjects and improved problem-solving skills and spatial reasoning abilities.
Moreover, the young students’ behavioral learning and observational approach follow similar
patterns irrespective of gender (Jung & Won, 2018). The masculine image of the STEM fields in
terms of professional careers should not mask the significance of robotics and programming for
girls’ behavioral and conceptual development. However, more research is required to investigate
the nontechnical features like race, culture, ethnicity, language, and socioeconomic class that
would impact learning STEM education through robotics and programming languages (Jung &
Won, 2018).

The role of racial, ethnic, and gender differences must be negated in STEM and non-
STEM schools (LaForce et al., 2019). In comparison, most schools provide equal opportunities
for all students to access digital tools, robotics, and programming (LaForce et al., 2019).
However, access equity does not solve race and gender identity problems in educational settings
(LaForce et al., 2019). Schools’ strategic planning and pedagogical design should be diverse and
provide radical STEM and non-STEM opportunities to grow in a meaningful sense for students
to negate differentiating elements (LaForce et al., 2019). The corrective measures in the
educational design should include negating long-standing gender and racial issues.

The gender differences surface as disparities in current STEM jobs. Several studies have

documented the lack of female STEM jobs. According to the National Science Board (2014)
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data, women are underrepresented in the highest-paying STEM fields, such as computer science
and engineering. Additionally, women comprise only 29% of the STEM workforce in the United
States. The National Center for Women and Information Technology (2020) reported that
women hold only 25% of the professional computing jobs in the United States.

In some cases, gender role motivates different aspects of education among boys and
gender. For example, the boys show interest in coding, computer sciences, engineering, and
robotics. However, the girls show a fascination for creative and collaborative tasks that could
align indirectly with STEM education (Negrini & Giang, 2019). Therefore, the perceived impact
of gender may differ depending on the field of education and the relevant outcome in the
development of CT skills or teamwork and collaboration (Negrini & Giang, 2019).

Teaching programming through robotics improves CT skills irrespective of gender, as
demonstrated in various studies (Noh & Lee, 2020). However, the motivation for learning
scientific concepts and creativity to solve different problems may differ among boys and girls.
The experimental setups showed that girls were more interested in creative tasks and activities
requiring emotional intelligence (Noh & Lee, 2020). However, the boys showed more affection
for scientific disciplines and engineering subjects through programming and robotics (Angeli &
Valanides, 2020). This result implies that instructional designers should strategize according to
gender diversity to achieve equality of academic achievements and outcomes satisfactorily (Noh
& Lee, 2020).

Overall, boys and girls benefit from programming and coding tasks in their educational
environment due to the ease of availability and the role of instructors in making them familiar
with the latest technology in robotics (Sullivan & Bers, 2016a). Moreover, the instructors could

design and implement a classroom environment that creates equal opportunities for both genders
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regarding educational attainment (Sullivan & Bers, 2016b). Exposure to ER at an early age,
particularly for girls, has the potential to increase their interest and participation in STEM fields.
The educational attainment for girls in STEM fields, creative thinking, and innovative problem-
solving domains could improve with instructors’ consistent efforts and dedication (Sullivan &
Bers, 2016b).

Addressing gender disparity between men and women in pursuing technological
innovation, scientific disciplines, engineering, and computer sciences is vital to enhancing equal
opportunities for both genders in markets (Sullivan & Bers, 2019). The attitudes and behaviors of
the gender toward different disciplines are interesting to minimize the gaps in learning them
(Sullivan & Bers, 2019). Boys and girls perform differently in deep programming tasks due to
the higher focus of boys on core programming and robotics skills (Sullivan & Bers, 2019). Boys’
attitude toward CT functioning and robotics is more favorable than girls (Vandenberg et al.,
2021). The curriculum should include positive intervention measures to arouse girls’ interest in
STEM fields to enhance the girls’ vision in the early childhood education setting (Sullivan &
Bers, 2019). The girls’ access to technological innovations and creative thinking opportunities
could reduce the disparity of gender differences (Sullivan & Bers, 2019).

The research evidence also indicated that the role of female instructors was important in
empowering girls to participate in complex programming activities and STEM areas (Sullivan &
Bers, 2016b). Female instructors could reduce gender disparities in educational setups by
equalizing STEM achievement through strategic measures (Sullivan & Bers, 2016b).
Practitioners should expose children to different STEM role models from a variety of

backgrounds, genders, experiences, and ethnicities (Sullivan & Bers, 2016b). While the current
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research does not include gender data, gender is included in the literature because it is a vital
variable to consider as educators provide ER and STEM instruction.
Significance of ER in the Educational System

The application of ER in educational systems around the globe is snowballing due to its
proven efficacy in nurturing CT skills. The research effort of Bers et al. (2014) highlighted the
challenges regarding integrating ER skills into the educational curriculum formally. Bers et al.
(2014) developed a robotics program to integrate computer programming and robotics tools into
the curriculum of kindergarten students. The research effort analyzed the impact of applying ER-
based tools in kindergarten classrooms concerning CT skills (Bers et al., 2014). The results
supported the claims that kindergarten students felt motivated to participate in robotics-based
tasks to arouse innovative and problem-solving skills (Bers et al., 2014). With the help of
robotics, young students can quickly learn the programming basics and apply them in their lives
to challenge complex problems (Bers et al., 2014).

The research study by Da Cruz Alves et al. (2019) analyzed the approaches to assess CT
skills competencies based on code analysis in K—12 education as a systematic mapping study (Da
Cruz Alves et al., 2019). The researchers identified 14 methodologies to engage K—12 students in
CT functioning, focusing on the analysis related to programming and coding (Da Cruz Alves et
al., 2019). However, the research study contained an apparent lack related to the assessment
criteria and feedback of instructors that would require further research to encompass a wide
range of computing education competencies for K—12 students (Da Cruz Alves et al., 2019). The
assessment methods could include surveys, questionnaires, or interview observations that would

provide a more comprehensive picture related to CT practices and perspectives.
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Conceptualization and modeling of CT skills are essential for assessing the current level
of technological implementation in academics and the deficiencies in complying with the
required standards (Tang et al., 2020). Most CT assessments in research focus on computer
programming or computing skills, and surveys measure CT dispositions (Tang et al., 2020). For
effective utilization of CT functioning, the applications of tools like ER, programming, and
coding should be vigilantly monitored in classrooms (Tang et al., 2020). The researchers
recommend building a systematic database to search for a collection, searching, and assessment
of CT tools.

Raj Aggarwal (2011) analyzed the fundamental driving forces for globalization,
including sustainability, demographics, and technology. The business influence of these driving
forces is significant, creating plenty of challenges for students (Aggarwal, 2011). Demographic
forces are creating uncertainties in the employees’ population and government finances, the
sustainability issues raise challenges for the world economy, and the rise of economies like
Brazil, China, and India is restricting the global economy (Aggarwal, 2011). Due to the highly
unpredictable nature of the global economic forces and challenges, the instructional design
requirements that schools must consider the development of behaviors, skills, and knowledge
that would be useful for the career opportunities for the students (Chiazzese et al., 2019; Stewart
et al., 2021; Taylor & Baek, 2018). Aggarwal (2011) highlighted the role of skills development
among students but did not specify how these skills will be developed. In various other studies,
the role of instructors in introducing interventions like robotics, small codes, programming in
blocks, assigning group-based tasks, and collaborative thinking proves to be fruitful in enhancing
the vision and cognitive skills of the students (Acar et al., 2018; Cannon-Ruffo, 2020; Reich-

Stiebert et al., 2020; Zhang et al., 2021). Therefore, educational designers must consider skill
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development from a technological perspective to strengthen the STEM field and prepare students
for their scientific and engineering careers.
Chapter Summary

The literature showed the effectiveness of the implementation of ER in academic settings
with observable outcomes such as behavioral improvement, STEM educational attainment,
cognitive development, teamwork and collaboration, language development, syntactic skills,
problem-solving, and many more (Arfé et al., 2020; Chevalier et al., 2020; Durak et al., 2019;
Julia & Antoli, 2016). However, implementing ER-based education and programming for young
children in academic settings has challenges. The cost of implementing ER-based education is a
significant hurdle for developing countries, especially in rural areas where basic facilities for
education are scarce. There is also a need to design an ER framework that dynamically evaluates
and assesses the requirements of students for learning different subjects, including STEM. This
domain requires further research as most researchers focus on the short-term implementation of
robotics and programming in education. Enhancing the students’ vision in different aspects of
business, programming, or coding-based education could prove to be a fruitful tool in the modern
era (Aggarwal, 2011). The global movement toward digitalization will increase the need for
learning programming and CT (Da Cruz Alves et al., 2019). One of the essential competencies of
CT is programming without a predefined solution by using basic building blocks of basic codes

through visual tools (Da Cruz Alves et al., 2019).



35

Chapter 3: Research Method

CT is a process (Tsai et al., 2019) that uses data structures, iterations, and algorithms to
construct a relevant solution based on systematic analysis (Bers & Sullivan, 2019). The
development of CT skills is necessary to thrive in the current digital age, as computers are
increasingly used in problem-solving. The lack of CT skills can impede K-12 students from
maximizing their academic potential, creating warranted concerns for educational leaders (Ching
et al., 2018). The purpose of this qualitative descriptive study was to understand the role of ER in
elementary-aged students in developing CT skills through analysis of elementary robotics
instructors’ experiences and observations. This chapter includes the methodology, rationale for
the research design, population, sampling method, instruments, and data collection and analysis
procedures. Lastly, this chapter established confidence in the research findings by discussing the
assumptions, limitations, delimitations, and ethical considerations to authenticate the current
study’s findings.
Methodology

The current qualitative study was based on Papert’s (1980) constructionism theory.
Papert’s central idea of constructionism is an “object-to-think-with.” The ER hardware and
software platforms are designed for elementary-aged children and do not require previous
experience. As students built their knowledge and skill sets in robotics, instructors introduced a
challenging curriculum that promoted discovery experiences. The qualitative descriptive research
method analyzed instructors’ perspectives on how elementary students develop CT skills through
ventures with ER. This research sought to identify patterns and build connections by interpreting
instructors’ lesson plans, instructors’ observations, and student work. The research provides

evidence for the relationship between CT and robots in hands-on classroom activities to
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encourage an option for 21st-century educators to enhance student achievement in the education
system.

ER is an ideal constructionist tool for developing CT concepts of decomposition,
abstraction, pattern recognition, and algorithmic designs. Bers and Sullivan (2019) contended
that consistent participation in CT exercises strengthens students’ likelihood of transferring
critical thinking skills to other disciplines. Seiter and Foreman (2013) defined CT concepts as
sequencing, loops, conditional, incremental, iterative, testing and debugging, abstracting and
modularizing, and algorithms.

In this study, robotics instructors selected lessons and student work products
accompanied by surveys completed by the instructors to illustrate the development of CT.
Additionally, instructors participated in qualitative interviews to address the following research
questions:

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?

Research Design and Method

The research was evaluated as a descriptive qualitative study to summarize the
perceptions of elementary school robotics instructors. Deductive thematic analysis was used
because the data has a predetermined set of themes (Braun & Clarke, 2006; Merriam & Tisdell,
2016). Qualitative research encourages full transparency from participants (Leavy, 2017).
Respondents expressed a deeper interpretation of their understanding, which can be challenging

with a closed-ended survey (Saldana & Omasta, 2018).
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The research analysis identified and categorized the collected data using the predefined
themes. The themes were used to build an understanding of the data. The deductive thematic
analysis was most appropriate because prior research provided the framework for the analysis.
Participants provided information based on their observations of students participating in the ER
program in an elementary school setting. Programs varied from formal instruction during a
scheduled class to informal instruction in an after-school robotics program. The data collection
included instructor lesson plans, student work products accompanied by a survey completed by
the instructor, and semistructured interviews.

Additionally, a qualitative inquiry through a constructivist paradigm was applied because
| sought to investigate experiences of elementary ER programs and how these experiences were
interpreted (Glesne, 2016; Leavy, 2017). Because the focus was on analyzing instructors’
perspectives of robotics activities, a constructivist-styled methodology was selected over other
methods. The goal was to discover any patterns or resemblances among the group participants.
Additionally, a narrative approach was carefully chosen over other methods because the focus of
the study was to gain a descriptive comprehension of a particular phenomenon through the lenses
of individual research participants (Mills & Gay, 2016). When participants shared their
experiences in elementary ER programs, they provided comprehension of how each participant
creates the meaning of the robotics phenomenon.

According to Papavlasopoulou et al. (2020), “Constructionism assumes that knowledge is
better gained when children are deeply and actively involved in building their meaningful
construction” (p. 416). The theory concluded that children would build from previous knowledge

when designing a project. Papert (1980) contended that discovery will build new competencies
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rather than receiving them passively, enabling participants to encounter a more significant
learning experience.
Setting

This research was situated in Texas, not at a specific school or district, studying the
experiences of research participants who teach ER to elementary students. The participants from
this study were recruited through posting on social media groups for ER teachers and snowball
sampling. The Lego® Education Mindstorm® community and VEX 1Q worldwide coaches are
private Facebook groups with over 20,000 and 2,500 members concurrently. The group members
were ER enthusiasts that included but were not limited to teachers, administrators, mentors,
coaches, and parents.
Population and Sampling

This qualitative study described the observations and experiences of instructors who
provide formal and informal instruction in ER with elementary students in Texas. Instructors
included but were not limited to individuals holding a teacher’s certificate, STEM professionals
providing instruction and mentorship for a robotics program or team, and undergraduate college
students studying in a STEM field who choose to mentor or teach robotics within a community.
The study participants were required to meet the following criteria: (a) above the age of 18 and
(b) provide formal or informal robotics instruction to elementary school students in Texas. The
participants did not need to be certified teachers but were required to be trained with a working
knowledge of ER.

Purposive sampling was used to identify specific participant selection criteria (Leavy,
2017; Mills & Gay, 2016). Because the research required a specific phenomenon or experience,

the focused sampling enabled an opportunity to gather relevant data (Creswell, 2015; Patton,
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2015). Qualitative studies have small sample sizes. Mason (2010) stated that qualitative studies
are designed with the understanding or meaning of the topic as the goal, not proof of a
hypothesis. Guetterman (2015) concluded, “Sampling is not a matter of representative opinions,
but a matter of information richness” (p. 391).

| recruited participants via social media (see Appendix A) and used the snowballing
method. As a member of the Lego® Education Community on Facebook, I posted a link to a
Google document for elementary school robotics instructors interested in participating in the
descriptive qualitative study of ER and the development of CT. The Google document included
questions to qualify the potential participants and an explanation of the study (see Appendix B).
Recruitment also included asking instructors who met the criteria to participate in the study and
further asking for referral of qualified participants. The first 10 instructors who replied were
selected for an interview with the intent to meet data saturation. Instructors who chose to
participate received a consent form via email with full disclosure of the study and the
opportunity to opt-out. There were no consequences for those who chose to opt-out.
Materials and Instruments

The participants also submitted a document with their observations of student work that
illustrated CT skills. The student work product demonstrated learning of the submitted lesson
outline. Participants provided a written account of their observations of student work. The survey
questions can be found in Appendix C.

Participants were asked questions from a semistructured interview protocol (see
Appendix D) to collect data to understand the in-depth experience of teaching elementary
students using robotics education platforms. The protocol included observations of student’s

learning from the submitted lesson. The semistructured interviews were structured with simple
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questions to provide relevant indicators to reduce respondents’ chances of losing interest
(Kaufman & Guerra-Lopez, 2013). The open-ended questions allowed the participants to provide
detailed responses as they shared their experiences (Leavy, 2017; Mills & Gay, 2016).

The interview questions (see Appendix D) and surveys (see Appendix C) were developed
based on literature (Munn, 2021) and my personal experience as a robotics instructor. The
quality of research findings improved when | solicited support from career professionals (Anney,
2014). The research, which includes processes for data collection, analysis, and interpretations,
was enhanced by critiques from the dissertation committee and colleagues (Mertler, 2017).

Peer debriefing also provided insight from professionals’ intuitive experiences. This
process improved the reliability of the data collection instrument and ensured that the questions
were easily understandable and provided the anticipated information from the interview. I field-
tested the questions by interviewing two colleagues who previously taught elementary robotics to
ensure that the interview and survey questions were ethical, conversational, and participant-
centered with research alignment. These interviews were not included in the study’s data
collection. Based on the peer feedback, the questions were revised by combining questions that
would yield similar responses and omitting irrelevant questions that would not provide insight
for answering the research questions.

Data Collection

Qualitative data was collected through lesson plans, student work products, and
semistructured interviews to discover the participants’ overall experiences teaching robotics
activities to elementary students to develop CT skills. Perceptions of stakeholders provided the
data for this study. Qualitative research encouraged full transparency from participants (Leavy,

2017). Respondents expressed a deeper interpretation of their understanding, which can be
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challenging with a closed-ended survey (Saldana & Omasta, 2018). Artifacts used for data
collection included instructor lesson plans, student work with detailed instructor observations,
and semistructured interviews.

A technique used to ensure the reliability of the research is triangulation. Each data
source uses different methods to collect and analyze data. Triangulation is reviewing data
collected through different methods for increased accuracy and valid conclusions of the results
(Allen & Oliver-Hoy, 2006). Patton (2015) explained, “Triangulation, in whatever form,
increases credibility and quality by countering the concern (or accusation) that a study’s findings
are simply an artifact of a single method, a source, or a single investigator’s blinders” (p. 563).
The use of multiple sources was a strategy to reduce bias and increase validity and study
credibility (Anney, 2014; Merriam & Tisdell, 2016). When researchers can verify numerous data
sets against each other, the findings are more likely to be trustworthy (Carlson, 2010; Mertler,
2017).

The current study used multiple data collection methods for triangulation (Herr &
Anderson, 2015; Saldana & Omasta, 2018), including students’ work products, participants’
lesson plans, and a semistructured interview of the elementary robotics instructor participants.
During the data collection, I discussed the findings with other professional peers to examine the
data for the accuracy of the results. This research employed the benefit of member checking as
the participants were asked to read the transcripts and interpretations to ensure accuracy.

Three types of data allowed the triangulation of sources. First, participants provided an
example of the lesson outlines used for the ER sessions. The lesson outlines could have been

original drafts or curricula designed by the instructional team of the designated robotic platform.
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The lesson plans included the objective or challenge and the method used to model examples to
support the student’s comprehension.

The second source of data was student’s work products. Instructors selected a student
product representing the submitted lesson outline that illustrates CT. The student work included a
copy of a paper or electronic journal and design plans or drawings and pictures of the robots that
students designed. The instructor provided a written discussion discussing how the work product
demonstrated the principles of CT (see Appendix C). The survey of student work was then coded
based on the CT codes (see Table 1).

Table 1

Computational Thinking Codes

Code Explanation

1. Sequences A series of individual steps or instructions.

2. Loops Repetition of the action.

3. Parallelism Sequences of instructions happening at the same time.

4. Events One thing causes another to happen.

5. Conditionals Making decisions based on certain conditions.

6. Being incremental and iterative Cycles of imagining and building.

7. Testing and debugging Trial and error, transfer from other activities, or support
from knowledgeable others.

8. Reusing and remixing Building on other people’s work.

9. Abstracting and modularizing Building something significant by assembling collections
of smaller parts.

10. Boolean expression Using terms like ‘AND ‘OR’ to sort data appropriately.

11. Procedures and algorithms Step-by-step, exact instructions.

12. Program decomposition Taking a significant problem and breaking it into smaller,

more manageable steps.
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13. Collecting data

14. Creating data (representing)

15. Manipulating data

16. Analyzing data

17. Visualizing data

18. Using computational models to

understand a concept

19. Using computational models to
evaluate solutions

20. Assessing computational models

21. Designing computational models

22. Constructing computational models

23. Preparing problems for computational
solutions

24. Choosing practical computational
tools

25. Assessing different approaches to a

solution

26. Pattern recognition

Through observation and measurement, gathering and
recording various data.

Using simulators to create data they can use to investigate
the topic at hand.

Manipulating and reshaping data sets so that they can be
helpful moving forward.

Making claims and identifying
trends/correlations/patterns/anomalies.

Creating visualizations to communicate data. Graphs,
charts, interactive displays.

Using flowcharts, diagrams, equations, and even physical
models.

Test solutions quickly without committing to a specific
approach.

Articulate similarities and differences between the model
and real life.

Defining the model’s components, explaining the
assumptions.

Encoding model features in a way a computer could
interpret.

Mapping problems onto the capabilities of the tools.
Reframing problems into forms that can be solved.

Identifying strengths and weaknesses of specific tools,
choosing the most effective ones (weighing pros and
cons).

Assess options and choose which route to follow.

Ability to recognize a pattern.

Note. From “Noticing and Naming Computational Thinking During Play,” by D. Kotsopoulos, L.

Floyd, B. A. Dickson, V. Nelson, and S. Makosz, 2021, Early Childhood Education Journal, 50,

p. 704 (https://link.springer.com/article/10.1007/s10643-021-01188-z). Reprinted with

permission.
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| also used instructor interviews as this study’s third data collection method. The
methodological purpose of interviews was to provide data that can be examined, offering insight
into the “inner contents of peoples’ minds and authentic selves” (Roulston & Choi, 2018, p.
234). There were several interview techniques, such as hermeneutic, ethnographic, and feminist,
which were variables of the interview itself, with consideration of the methodological and
theoretical basis of the qualitative study. However, this study used the generic interview
protocol, which focused on the participants’ experiences and observations and “the meanings
they ascribe to those experiences so that the researcher could describe those experiences and
generate generalizable understandings” (Roulston & Choi, 2018, p. 235). This method was
chosen because it allowed participants to elaborate using guided questions with unrestricted
responses (Mills & Gay, 2016). Ideally, the interviews felt like a conversation between the
participant and myself, enabling me to explore the participant’s experience more deeply (Ezzy,
2010).

Interviews were conducted via Zoom. The discussions were 15-30 minutes. The
recordings were transcribed (Locke et al., 2010) to preserve the responses for the coding and
analysis of the documented stories. Recorded interviews were deleted within 30 days after the
interview. Lastly, study participants were reassured that their identity and responses would be
kept confidential, that no personal information would be disclosed, and that pseudonyms would
be used.

Measures were taken to ensure rigor and trustworthiness within the research. In action
research, rigor was achieved through procedures that ensure unbiased results (Stringer, 2007).

Trustworthiness was established through accurate and believable data (Mertler, 2017). The study
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used triangulation, member checking, thick, detailed descriptions, and peer debriefing to ensure
rigor and trustworthiness.
Data Analysis

| forwarded the interview transcripts to participants to review for clarity and feedback.
Through member checking, participants certified the accuracy of the conclusions from the
research in which they shared their experiences (Doyle, 2007). Participants reviewed and
polished the interview transcripts and the concluded inductive analysis. The participants’ review
ensured the interpretations’ accuracy and allowed participants to contribute additional thoughts.
When member checking was concluded, the necessary revisions from participants were made to
ensure the accuracy of the transcripts and conclusions drawn.

The interviews were coded (Creswell & Creswell, 2017). The data was analyzed for
developing themes. All narratives were analyzed and interpreted through a humanistic and
holistic approach that combined the participants’ stories, the context, and my own experiences
gained while teaching ER in elementary school programs (Wolcott, 2009).

This phase established the study’s validity, which relied on determining the study’s
trustworthiness, transferability, and dependability to assess whether the data accurately reflected
what the research was trying to measure (Mills & Gay, 2016). This study applied Guba’s (1981)
criteria for assessing the trustworthiness of naturalistic inquiries by establishing corroboration
and coherency by comparing the participants’ responses to identify if there were any
contradictory experiences among them and identify any possible bias (Mills & Gay, 2016).

The research used deductive thematic analysis because the study focused on looking for
specific patterns or themes of CT (Saldana & Omasta, 2018). The predetermined categories for

labeling were used for the lesson plans, the interviews, and the student work samples. | began by
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identifying relevant themes and issues and then used the categories to systematically analyze the
collected data (Saldana & Omasta, 2018). Responses were coded and evaluated for cross-
referencing CT processes (Locke et al., 2010). | did not use conventional or summative content
analysis because, unlike directed content analysis, conventional and summative content analysis
does not begin with predetermined categories or codes. Conventional and summative analysis
requires the researcher to develop a set of categories or codes based on the theme that emerges to
provide a detailed and comprehensive description of the study content.

The data was examined for evidence of CT codes as identified by Kotsopoulos et al.
(2021, p. 704; see Table 1). The study was granted authorization to reproduce the computational
codes for research purposes. The coded text was compared and analyzed for patterns and
frequency of ideas. The data provided insight into students’ computational processing and the
benefits of using ER to enhance these skills (see Table 1).

The research provided detailed descriptions of settings, participants, data collection, and
analysis procedures to ensure credibility (Anfara et al., 2002). Creswell and Miller (2000)
concluded that an additional purpose for thick, detailed descriptions is to help draw the reader
closer to the occurrence, creating a sense of connection with the study’s participants. The broad,
rich imagery lets the reader decide if the findings “ring true” (Shenton, 2004, p. 69).

Ethical Considerations

| addressed ethical considerations for the entirety of this research. The study participants
were robotics instructors in Texas. Data collection was interpretations of robotics instructors’
observations and experiences. Standard informed consent was issued to participants after
institutional review board (IRB) approval. The consent form explained the nature of the study,

participants’ rights, and assurance that participants would remain anonymous. The participant
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returned a signed copy of the consent to participate in the research via Dropbox. No personal
identifier and school or district identifiers were included in the data collection or shared in the
results.

This qualitative study ensured trustworthiness throughout the data collection process. The
interview process was conducted with an awareness to avoid leading questions; instead, the
identified and follow-up questions were topic-clarifying (Marshall & Rossman, 2016; Maxwell,
2012). While natural dialoging occurred during the interview, it was essential to document the
conversation. Trustworthiness also requires being as factual and nonbiased as possible when
documenting observations, discussions, and examining transcripts (Holland & Leander, 2004). |
documented the study by keeping a journal. | also used detailed notes when reviewing
transcripts, which navigated the discovery of emerging themes. | built other trustworthiness by
not focusing on individual student variations or overidentifying with themes from the narratives
(Holland & Leander, 2004; Marshall & Rossman, 2016; Maxwell, 2012).

Researcher’s Role

| am currently an elementary robotics instructor with 10 years of experience. While |
positively utilized prior experiences to drive the study, the data collection reflected the essence
of the experience from the participants’ perspectives. My position in this study was to interview
and transcribe data collected from the participants. One limitation was | was the primary receiver
of the data. To ensure accuracy, | transcribed exact data, paying careful attention not to prejudice
or bias the collected data (Creswell, 2015). The interview format was semistructured using open-
ended questions, allowing the participants’ perspectives to direct the data collected for this

qualitative study.
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Assumptions

Assumptions of qualitative research inform readers of the basis for choices regarding
preconceptions and beliefs about the research paradigm. By explicitly discussing the
assumptions, the readers can be assured that the research involved thoughtful and rigorous
consideration (Caelli et al., 2003). The first assumption of this study was that potential
participants would answer the interview questions honestly. It was also assumed that the
instructor implemented the ER and programming platform effectively.

Limitations

Limitations imposed constraints | could not control, hindering the potential to generalize
outcomes (Terrell, 2016). The nature of the qualitative study had inherent limitations. The first
limitation was linked to the semistructured interview method. Interviews in this qualitative
research aimed to uncover the truth experienced by informed robotics instructors while offering
participants a chance to voice their insights when such opportunities might not have been
available (Atkinson & Silverman, 1997, p. 311).

Transferring the findings and conclusions from this study was a research limitation. Even
though this study aimed to grasp insights through instructors’ viewpoints and experiences,
outcomes were constrained to instructor views and might not represent other stakeholders tied to
ER. Nevertheless, the objective of this research was to comprehend the significance of ER in
fostering CT among elementary school students.

Delimitations

Bloomberg and Volpe (2008) argued that there should have been limits to qualitative

research to ensure it remained centered on the research question. Establishing such boundaries

facilitated the reproducibility of the study by integrating controls that filtered out unrelated data
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outcomes (Terrell, 2016). This investigation aimed to examine the influence of ER on fostering
CT among elementary students. Instructors specializing in elementary ER, when contrasted with
broader elementary educators, formed a niche group. As a result, it was anticipated that attracting
a significant number of these specialized instructors for participation might have posed a
challenge. The research intended to delve into the experiences of ER instructors who taught
mainstream elementary students who possessed minimal to no background in the subject. Any
nonpertinent data from participants was not factored into the findings.
Trustworthiness

Trustworthiness was established through accurate and believable data (Mertler, 2017). It
was essential that inferences in scientific research accurately reflected the data obtained and
represented the scope and depth of the subject that was researched. Qualitative research met this
criterion when there was an explanation with trustworthiness and authenticity. Establishing
trustworthiness in qualitative research required the audience to be convinced that the data was
accurate, feasible, consistent, and impartial. Lincoln and Guba (1985) contended that the
principles for establishing qualitative research trustworthiness included credibility,
transferability, dependability, and objectivity. This study used triangulation, member checking,
and detailed descriptions to ensure trustworthiness.
Credibility

Credibility was expressed as the coherence between the research findings and reality. It
was related to the trust in the accuracy of the results obtained from the research participants, the
sources of information, and the research context (Lincoln & Guba, 1985). Lincoln and Guba
(1985) suggested that triangulation, peer examination, and member checking would increase

reliability within the scope of this research. The research design was based on elementary
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robotics teachers’ lesson plans, student work samples, and teacher interviews. | observed and
translated the participants’ perspectives within the scope of the study. The interviews with the
participants provided an in-depth insight into their educational beliefs and pedagogical field
knowledge.
Transferability

Transferability (adaptability) required that the findings and results were generalized to
similar circumstances and events (Lincoln & Guba, 1985). | was responsible for explaining the
research-related properties of the context that was studied to ensure adaptability (Shenton, 2004).
In this manner, those who read the research were able to generalize to similar situations. The
proposed study was described in detail to ensure transferability (Lincoln & Guba, 1985). The
research explained the study’s content and process, the selection of participants, the context in
which the investigation had been conducted, and the data collection process.
Dependability

Dependability arises when data aligns consistently with the findings (Merriam, 1998).
This research employed Guba’s (1981) standards to assess the reliability of naturalistic studies,
ensuring corroboration and coherence by examining participants’ feedback for any
inconsistencies or potential biases (Mills & Gay, 2016). Within qualitative research,
dependability does not necessitate replicating identical results by another researcher using the
same data. Rather, conclusions should be drawn logically from the data at hand (Pitney, 2004).
To guarantee research dependability, comprehensive details about the setting, methodology, and
data collection process are recommended (Cobb & Gravemeijer, 2014; Shenton, 2004). This
research ensured reliable data collection and analysis techniques, presenting findings in a manner

that other researchers can comprehend and replicate.
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Confirmability

Confirmability, or neutrality, pertains to the researcher’s impartiality. A study’s results
should mirror participants’ experiences and perspectives, uninfluenced by the researcher’s
personal biases or attributes. The researcher maintains accuracy in presenting findings by
including direct quotes from participants gathered during interviews and observations (Yin,
2003). Confirmability was reinforced through neutral data handling, triangulation, in-depth
descriptions of data tools, and data analysis (Shenton, 2004). This research underscored
confirmability by detailing each step and rationale for decisions made throughout the study.
Chapter Summary

This chapter detailed the methodology applied to address the research questions.

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?

The primary aim of this research was to offer educational leaders comprehensive data to
contemplate incorporating and broadening the use of ER in their curricula. In this qualitative
descriptive analysis, a narrative approach was used to scrutinize the lesson plans, observations of
student work, and semistructured interviews of robotics instructors. The objective was to
understand their experiences while teaching robotics programs to young elementary students.
Data collection was executed through a purposive sampling technique, gathering insights into the
instructors’ views on children’s engagement with ER.

Resnick et al. (2009) championed the core concept of constructionism, which emphasizes

learning through action. Numerous scholars have leveraged this principle when integrating
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robotics and coding activities, aiming to enhance skills like coding, problem-solving, critical
thinking, and collaboration (Papavlasopoulou et al., 2020). ER offer students a means to develop
higher-order thinking by visualizing multifaceted issues across various fields and breaking them
down into manageable chunks (Aggarwal, 2011; Chevalier et al., 2020). The purpose of this
research was to delve deeper into the influence of ER on nurturing CT among elementary pupils.
Opting for a qualitative descriptive method was appropriate for the research questions, as it
aimed to understand participants’ experiences (Creswell, 2014). It shed light on the role of ER in
fostering CT capabilities among young learners.

Furthermore, this research delved into the perceptions of robotics instructors regarding
the influence of CT approaches within ER activities. The study’s theoretical foundation
encompassed the impact of ER on CT, an assessment of its merits, demerits, and challenges, and
the potential of educational robots to enhance productivity. Again, the qualitative method was
chosen for its suitability in exploring participants’ viewpoints (Creswell, 2014). The rigor of this
research adheres to the six standards essential for qualitative research: reflexivity,
methodological consistency, sampling and data collection considerations, validation of data
through member checks, discussions about applicability, and ethical considerations (Anderson,
2017).

Ideally, this research offered educators valuable insights for crafting ER activities aimed
at enhancing computational skills. As Wing (2011) noted, computational skills are universally
beneficial, not restricted to computer scientists alone. Hence, introducing CT abilities at the
elementary level can be highly advantageous for students. This research furnishes insights into

the role of ER in cultivating CT among elementary school students.
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Chapter 4: Results

The purpose of this qualitative descriptive study was to understand the role of ER in
elementary-aged students in developing CT skills through analysis of elementary robotics
instructors’ experiences and observations. The study sought to explore instructors’ perspectives
on the impact of teaching ER, identify CT patterns, and provide insight into the design of
robotics activities to contribute to student achievement in CT in the educational landscape. The
plan was to use deductive analysis with a framework, but in looking at my data, the themes
emerged more inductively. The emerging codes aligned with literature and these codes were
collapsed to define themes. In the course of this research, robotics instructors chose specific
lessons and filled out a survey concerning student assignments to showcase the progression of
CT. Additionally, instructors participated in semistructured interviews to address the following
research questions:

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?
Participants

The study examined teacher interpretations and experiences using Lego® EV3 and VEX
IQ ER platforms. The robotics platform was used in elementary classrooms and after-school
programs like robotics and science clubs. I intended to recruit through Facebook but struggled to
identify participants. | contacted colleagues and asked elementary robotics instructors to

volunteer and suggest other potential participants.
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Upon expressing interest in participating in the study, | requested the instructor’s email
address to forward a link to a Google document. This document contained a letter detailing the
study (see Appendix E). At the end of this letter, there was a link to a Google form to prequalify
potential participants and gather their names and email addresses (see Appendix B). The study
participants were required to meet the following criteria: (a) above the age of 18 and (b) provide
formal or informal robotics instruction to elementary students in Texas. While a teaching
certification was not mandatory, participants must be trained with a working knowledge of ER.

The original number of participant volunteers was 10, but one instructor failed to submit
the student work that included observations, and the second instructor was not available for the
interview. The incomplete data from both instructors was deleted and not included in the study;
therefore, the total number of participants was eight. The participant profiles are shown in Table

2.
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Participant’s Education Formal or informal Educational robotics
pseudonym instructions experience
Chris College Sophomore Informal after-school 5 years
Engineering instructions Started Robotics in
high school
Eric College Senior Informal after-school 11 years
Mechanical Engineering instructions Started Robotics in
elementary school
Sandra Master’s in Science Certified teacher 3 years
informational instruction
Shawn Doctorate in Education Certified formal 2 years
instruction
Sheila Doctorate in Cyber Certified teacher informal 5 years
Security instruction
Steve College Junior Informal after-school 6 years
Civil Engineering instructions Started Robotics in
high school
Terry Master’s in Education Certified teacher formal 4 years
instruction
Vince Bachelor’s of Science in  Certified teacher formal 12 years

Biology

instruction

After the participants were prequalified and completed the informed consent, the data

collection began. The data included teacher’s lesson plans, teachers’ survey questions as a

narrative of students’ work (see Appendix C), and teacher interviews (see Appendix D). Each

participant uploaded their lesson plans, student work, and their survey questions as a narrative of

students’ work (see Appendix C) to a Google folder. Additionally, | added the teacher interview

questions (see Appendix D) for informational purposes. The teacher interviews took place

through recorded Zoom sessions, and the information was transcribed word for word to ensure
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its accuracy. | thoroughly reviewed the material by repeatedly reading the transcriptions and
listening to the audio recordings. The data collection process concluded with member checking.

Member checking, also known as participant validation, was used to enhance the data’s
accuracy, credibility, and validity (Creswell, 2013). The teacher interview transcript and coded
themes were shared with the participants to review my interpretations as the researcher. After
receiving participant feedback, I made minor adjustments to confirm accuracy. The feedback
included corrections for spelling errors in the transcription. The participants concurred with the
thematic coding, and no further coding was required. This process ensured that the findings were
consistent with the participants’ intended meanings and experiences.

Table 1 showcases the CT codes pinpointed by Kotsopoulos et al. (2021, p. 704). |
emailed the author and received permission to use the same codes. In this research, codes with
similar meanings or patterns were examined, merged, and organized into themes. The essence of
developing themes was to capture a central idea or concept that emerges using a broader title.
Finally, the data were interpreted to connect the findings to the research questions initiated in this
study. The findings were written using paraphrases and quote extracts from the data to support
and illustrate the themes and provide a coherent narrative about the participants’ experiences.
The themes (see Table 3) included programming concepts, problem-solving and design,

abstractions and modularization, data management and analysis, and computational modeling.
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Thematic Codes
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Theme

Computational thinking codes

Programming Concepts

Problem-Solving & Design

Abstraction & Modularization

Data Management & Analysis

Sequences: Basic programming structures and the order
of operations.

Loops: Techniques for repeating specific actions.
Parallelism: Managing multiple tasks simultaneously.
Events: Triggered actions based on specific occurrences.
Conditionals: Decision-making in programming.
Boolean expression: Logic-based decision criteria.

Being incremental and iterative: The iterative process of
design, prototype, test, and redesign.

Testing and debugging: Identifying and resolving issues.
Problem decomposition: Breaking down more significant
problems.

Preparing problems for computational solutions:
Adjusting or reframing issues to be more computationally
approachable.

Choosing practical computational tools: Deciding on the
best tools for the task.

Assessing different approaches to a solution: Comparing
and selecting from multiple solution paths.

Pattern recognition: Identifying repeating or underlying
structures.

Reusing and remixing: Incorporating existing solutions or
modules.

Abstracting and modularizing: Grouping functionality
into manageable and reusable chunks.

Procedures and algorithms: Developing structured
solution pathways.

Collecting data: Gathering raw data from various sources.
Creating data (representing): Simulating or developing
new datasets. Manipulating data: Adjusting, cleaning, or
transforming data.

Analyzing data: Interpreting data to find insights or
patterns.

Visualizing data: Creating graphical representations of
data for better understanding.
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Theme Computational thinking codes

Computational Modeling e Using computational models to understand concepts:
Utilizing models as teaching and understanding tools.

e Using computational models to evaluate solutions:

e Testing potential solutions via simulations and assessing
computational models: Comparing and contrasting
models to real-world scenarios.

e Designing computational models: Conceptualizing and
structuring new models.

Thematic Codes

Thematic coding is a qualitative research method used to identify, analyze, and report
patterns or themes within data (Anderson, 2017). At its core, it involves examining data closely
to determine the recurrent and significant ideas or concepts. Creating relevant themes allows
researchers to organize and describe the dataset in rich detail (Guetterman, 2015). | developed
themes by categorizing data into similar codes. Sequencing, loops, parallelism, events,
conditions, and Boolean expressions were all grouped under the “programming concepts” theme
because they all pertain directly to the construction flow and logic of written code (Moraiti et al.,
2022). They are fundamental tools and paradigms that programmers use to dictate how a
computer should process information and react to inputs. Each of these concepts contributes to
the essence of programming.

The “problem-solving” theme revolves around the processes and strategies used to
approach, understand, and solve problems, particularly regarding programming and CT.
Addressing and resolving challenges involves a series of steps, including gradual progression,
repeated testing and refining, breaking down problems, setting up problems for computational
resolutions, selecting appropriate computations, evaluating various solution strategies, and

recognizing patterns (Moraiti et al., 2022). These codes provide a structured approach to
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understanding the nature of the problem, devising strategies, implementing solutions, and
refining those solutions. Collectively, they define a comprehensive approach to facing a
challenge, especially in a computational context.

Reusing and remixing, abstracting, and modularizing procedures and algorithms are
placed in the theme of “abstraction and modularization.” The theme’s essence revolves around
the idea of simplifying complex systems into comprehensible, reusable components (Cinar &
Tizln, 2021). Grouping these computational codes under the same theme is appropriate and
coherent because each embodies this idea.

“Data management and analysis” are the sequential connected steps to derive insight
from raw data (Sisman et al., 2022). Collecting, creating, manipulating, analyzing, and
visualizing data represent statistical details from initial collection to the final presentation. Each
step is critical in ensuring the data serves its purpose: informing decisions, supporting research,
or driving innovation.

Using computational models to understand a concept, using computational models to
evaluate solutions, assessing computational models, designing computational models, and
constructing computational models revolve around using, creating, and assessing computational
models (Jamal et al., 2021). These tasks are integral to the computational modeling process from
conception to evaluation. Grouping them under the “computational modeling” theme emphasizes
their linkage in leveraging computational tools to represent, explore, and understand complex
systems.

Analysis of Data Sources 1: Lesson Plans
The subsequent section provides a concise overview of the lesson plans incorporated

within this study, emphasizing their relevant features, objectives, and pedagogical methodologies
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employed. These lesson plans represent diverse educational settings and serve as pivotal
reference points in the exploration and analysis throughout the study. It is imperative to note that
to uphold the highest standards of research ethics and ensure the confidentiality of all involved,
pseudonyms have been utilized in lieu of real names or identifiable markers. This measure
ensures the anonymity of the subjects and institutions, thereby preserving their privacy and the
integrity of this research.

Summary of the Eight Lesson Plans

Chris’s (pseudonym) lesson plan focuses on introducing VEX 1Q sensors and their
applications to students. The lesson begins with helping students understand the logical functions
of blocks, such as cause and effect in if/then statements and input/output in sensing blocks.
Students then face the challenge of thinking creatively to design automated functions their robots
can perform using sensors. They finalize their program with the VEX IQ coding app. A key
emphasis is on learning through trial and error. The lesson also introduces valuable programming
skills in steps, making it easier to troubleshoot issues. The critical terminology highlighted is
“debugging.”

Eric’s (pseudonym) class revolves around designing and constructing a VEX bat bot. The
lesson offers students the flexibility of either innovating their designs or reverse engineering
existing examples. The main activity includes the construction phase, characterized by trial and
error, followed by the manual or autonomous robot control decision-making process. As an
extension, students are encouraged to think outside the box to customize their robots and add
new mechanisms. Key concepts introduced included “structural integrity,” “speed,” and

“torque.”
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Sandra’s (pseudonym) plan teaches students to use the EV3’s switch block for sensor-
based decisions. After building specified modules, students watch a video detailing program
control before testing a sample program. They are encouraged to adjust block parameters to
optimize robot behavior. If the robot does not follow a given line correctly, students must adapt
sensor thresholds by measuring light levels and calculating an average for optimal robot
performance.

Shawn’s (pseudonym) lesson caters to grades 3-5, introducing students to VEX 1Q
robotics and its components. The class begins with discussing robot parts, emphasizing their
connection and individual roles. The build phase encourages students to use VEX 1Q Super Kits
and Robot Base instructions to assemble a foundational robot. Once completed, students test
their robots’ functionality, learning how to troubleshoot issues and understand the mechanics of
code transmission. A reflection session prompts students to consider alternative designs and
improvements for their current models.

Sheila’s (pseudonym) lesson plan revolves around gears and ratios, designed for students
to gain hands-on experience with the VEX 1Q super Kit. Students construct a gear ratio simulator
and address challenges emphasizing the alteration of speed and torque using combinations of
driven, driving, and idle gears. Through these activities, students master the basics of gear ratios
and the identification and application of simple machines. Students also apply their new
knowledge to practical scenarios, demonstrating its relevance to real-world robotics applications.
The lesson has an iterative challenge approach, where students progressively tackle new
challenges after mastering previous ones. This scaffolded learning style promotes comprehension

and ensures that students fully grasp each concept before moving on.
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Steve’s (pseudonym) lesson invites students to navigate their robot through a maze using
autonomous coding. Students first get an overview of the competitive landscape of VEX 1Q
robotics, understanding the significance of both autonomous and manual robot control. Using the
VEXcode 1Q app, students learn the basics of creating a project and utilizing drivetrain blocks.
The lesson emphasizes the distinction between primary and complex movement commands. The
hands-on experience enables students to understand and apply coding concepts to navigate robots
autonomously.

Terry’s (pseudonym) lesson plan focuses on building the VEX Clawbot, incorporating its
electrical wiring, and testing the constructed robot using a joystick remote. After a team
discussion to create a plan for completion, students follow instructions to finish the building. The
extension task is based around a NASA robot and building a suitable robot for the terrain of
Mars. The extension activity offers a potential connection to geography.

Vince’s (pseudonym) lesson aims to teach students about connector pieces and the
dynamics of gearing robots for increased speed. Students are introduced to Lego® connector
pieces and fundamental formulas like calculating speed and wheel circumference. The lesson
emphasizes the relationship between speed, torque, and significant gear ratios. Students engage
in hands-on activities where they gear up their robots, race them, and apply mathematical
concepts to calculate speeds and potential distances traveled. The lesson includes homework that
reinforces the speed = distance / time formula.

Lesson Plan Trends

Examining the lesson plans in the context of ER and CT provides insight into some

recurring patterns regarding learning objectives and activities, cognitive skills, reflection and

iteration, real-world application, vocabulary, and concept understanding. The lesson plans
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submitted for the study were very diverse in format and content. While the goal was to examine
CT, other observations, not specifically CT themes, were worthy of discussion. The mention of
additional observations added clarity to the introduction of the lesson plan data.

Each lesson plan started with a clear learning objective that outlined the specific skills
and concepts students are expected to acquire. The objectives included learning about specific
components, understanding gear ratios, building a robot, and programming with control units.
Vince’s gearing lesson said, “Objective: 1. Students will learn about connector pieces. 2.
Students will learn how to gear up their robots for increased speed. They will run their robots and
calculate the average speed using the formula, speed = distance / time.” Steve’s lesson plan
concluded, “In this activity, students will learn to write code for their robot to autonomously
navigate a maze.” Sheila’s lesson plan communicated:

Learning Objectives: Campers will become familiar with the basic building components

of the VEX 1Q Super Kit. Campers will use appropriate terminology to describe basic

VEX 1Q building components. Campers will learn about and apply basic knowledge of

Gear Ratio (Gear Train, Driving Gear, Driven Gear, Idler Gear, and Gear Ratio).

Campers will be able to identify different kinds of simple machines visually. Campers

will document their machine and its use.

Shawn listed her learning goals as follows, “To introduce students to VEX 1Q robotics; to
teach students about robot parts; and for students to build an easy starter robot.” Terri’s lesson
objectives articulated, “Students will complete the construction of the VEX Clawbot using the
instructions manual provided. When completed, they should use the control unit and joystick to

test their robot.”
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All the instructors in the study emphasized hands-on learning and experimental activities
as central to their lesson plans. The lessons indicated that students were provided with the
material and were guided through designing, constructing, and programming a robot using step-
by-step instructions using robotic sensors, coding apps, and building materials, which focuses on

29 ¢¢

engaging students with pragmatic encounters. Concepts like “sequences,” “procedures and
algorithms,” and “problem decomposition” highlighted the significance of sequential thinking
and problem-solving, skills that aligned with the process of writing code and developing
algorithms. The lesson also often connected robotics activities to real-world scenarios and
applications. Noteworthy examples included designing a robot for space exploration and student
participation in competitive challenges that mimic real-world tasks. This hands-on approach
helps students to see the practical applications of what they are learning and a deeper
understanding of the mechanical aspects of the robot. Students learn to work with technology
tools and gain practical experiences using computational resources.

Educators highlighted the development of cognitive skills such as logical thinking,
decision-making, and critical analysis through robot design and coding. Lesson plans frequently
incorporated concepts of “conditionals” and “events,” which encouraged students to make
decisions based on certain conditions and trigger actions based on specific events reflecting
foundational concepts in programming and robotic logic. Chris’s lesson stated:

The blocks can be explained very logically, like cause and effect in if/then statements or

inputs and outputs in sensing blocks. Hint: When trying to program a robot, it is

sometimes easier to approach it in steps. If you can write down each step and simplify it

as much as possible, you can test the core conditionals of the code without having to fix

multiple lines of code every time.
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Eric’s lesson articulated, “The benefit of leaving the coding of the bat until after it has
been completed is that the students can decide if they want to manually control it or let the robot
swing autonomously.”

Critical thinking skills were a focus as students tackled challenges related to gear ratios,
designing autonomous behavior, and writing code to control robots. Hands-on, collaborative
learning was a common theme in most lesson plans. The objectives emphasized students working
in teams, brainstorming, engaging in group discussions, and collaborating to solve challenges.
Collaborative learning highlights the importance of teamwork and communication skills in the
context of robotics and CT. Chris’s stated learning objectives included, “Introduce the students
to VEX 1Q sensors and their applications. Students will work in teams to plan for automated
functions their robots can perform by adding sensors and electrical wires. Teams will finalize
programming using [the] VEX 1Q coding app.” He further mentioned, “Main activity—it is
expected for this lesson to be slightly more challenging.” Eric articulated, “Work in teams to
brainstorm a design for a baseball bat.” He also pointed out, “Main activity—the building phase
consists of trial and error.”

The lesson plans were structured with a gradual increase in complexity. Students start
with a basic concept, build blocks, and then move to a more advanced challenge. This
scaffolding approach ensured students built a strong foundation before tackling more intricate
tasks. Technology is also an integral part of the lesson plans. Students use software applications
to write and test code, control robots, and stimulate gear ratios. The integration of technology
reflects the real-world nature of robotics and prepares students for STEM-related careers.

Educators consistently incorporate reflection as a critical component, encouraging

students to analyze their work and identify areas for improvement. Sheila said:
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Encourage campers to use the gears they have pulled from the VEX 1Q Super Kit to
create different combinations of Driving Gears (on the left) and Driven Gears (on the
right) and consider how this would affect speed and torque.

Sandra’s lesson plan acknowledged, “Test it: tap the button below to close this tutorial
and open the sample program. Then download and run it to test. You can also change the block
parameters to optimize how your robot behaves.”

Shawn’s lesson plan stated:

Step 4 Reflect: 5 min—have the students answer basic reflection questions about what

they completed. It is helpful to review the basics with them, like how the code travels

from [the] controller to [the] brain through wires and then to [the] motor. The final
questions should be more open-ended, encouraging them to think of other ways they
could have achieved the same base or how they could improve the one they are working
on.

Self-evaluation promotes critical thinking and the ability to learn from mistakes. The
reflection phase enables students to experiment, test, and refine their solutions. The importance

29 <

of being “incremental and iterative,” “testing and debugging,” and the use of “trial and error”
reflects the iterative process of developing and refining computational solutions.

The integration of robotics and CT with other subjects was evident in some lesson plans.
They connected other subjects and linked activities to real-world and practical applications.
Examples included geography (studying Mars terrain in NASA-themed challenges), math and
physics (understanding speed torque), and mechanical advantages. The interdisciplinary

approach enhanced students’ understanding of a broader context of robotics and showed CT

extended into several other educational curriculum subjects.
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The lesson plans also presented students with challenges or scenarios that required them
to apply their knowledge creatively; the concepts were introduced to demonstrate their relevance
to everyday situations and potential career paths. Chris’s planned lesson noted, “Thinking
outside the box is an important part of this lesson, and the best way to provide assistance to the
teams will be on a case-by-case basis.” He also acknowledged, “The main takeaway for students
is that they will ultimately be the ones setting the limits of their robot.” Eric’s lesson plan
mentioned, “This will be their first time in the full lesson that they will be building without step-
by-step instructions.” Vince’s lesson plan detailed the following, “Students will run their robots
on a prescribed course and calculate the speed of the robots.” Vince also noted, “Gears can add
speed or torque, but they are inversely proportionate. Gear ratios are either “geared up” or
“geared down.” Steve’s lesson described, “VEX 1Q robotics competitions are packed with
action.” Later, his lesson stated, “These Drivetrain blocks provide the fundamental functions
they will be using to control the robot.” Shawn’s lesson plan proposed the following, “Start the
activity by showing the pieces on the board. Define each piece individually, but gradually
connect them together, explaining how they come together.” He then concluded, “The process of
driving is very intuitive, so the students should understand it quickly.” This approach encourages
students to think outside the box, develop innovative solutions, and bridge classroom learning
with practical scenarios. Innovative thinking aligned with the principles of CT that encourage
innovative problem-solving and thinking from multiple angles.

The educators’ lesson plans consistently introduced and reinforced key vocabulary terms.
The introduction to vocabulary terms related to robotics and CT aimed to equip students with a

common understanding. CT was also embedded in the iterative process of building, testing,
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modifying, and understanding robotic systems and their related concepts. These hands-on lessons
encouraged students to apply these CT skills in practical scenarios.
Thematic Analysis: Lesson Plans

ER offers an avenue to promote critical thinking in the elementary setting. According to
the examined lesson plans, several thematic codes arise in the context of incorporating robotics
into pedagogical practices. The analysis discusses the instructor’s lesson plans regarding
programming concepts, problem-solving and design, abstractions and modularization, data
management and analysis, and computational modeling.
Programming Concepts

ER promotes an understanding of programming concepts, which serves as the foundation
for developing computational skills in students. Chris’s lesson plan emphasized the logical
nature of programming by discussing blocks and functions, pointing to cause and effect in if/then
statements, and highlighting the importance of inputs and outputs in sensing blocks. Eric’s and
Shawn’s lesson plans further illustrated programming concepts by emphasizing the importance
of step-by-step instructions and trial and error, which indicated sequences and iterative processes
within programming concepts.

ER provides hands-on experiences that make it easier to grasp programming concepts. In
Terri’s lesson plan, students were introduced to the VEX Clawbot’s control unit, wiring, and
joystick—a tangible way to understand sequences in programming where a specific order of
operations results in robot movement. Steve and Sheila emphasized the fundamental
programming concepts to ensure that students develop a hands-on understanding of how robots
operate. In Steve’s lesson plan, the importance of understanding basic programming structures,

such as sequences, was evident. Steve mentions guiding students through “how to name and save
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a program,” highlighting an understanding of sequences and order of operations (“how to link
their robot brain to their iPads”). Moreover, introducing the distinction between commands that
initiate movement and commands that dictate movement for a specific period demonstrates
experimentation into conditionals.
Problem Solving and Design

Instructors utilized ER to enhance problem-solving skills. The core of Steve’s lesson
revolved around navigating a maze, a task that requires a comprehensive approach to problem-
solving and design. Navigating entails recognizing patterns, particularly in the maze’s layout,
breaking down the problem of navigation (problem decomposition), and testing different
strategies, culminating in an iterative design, prototype, test, and redesign process. Sheila’s
lesson plan approach involved a series of challenges related to gear ratios, emphasizing pattern
recognition, problem decomposition, and assessing different solution paths.

Problem-solving skills were sharpened when students engaged in robotics activities.
Terri’s lesson plan stressed team collaboration to build and test the Clawbot. This iterative
process of design, testing, and redesign process mirrors real-world engineering practices. In
Chris’s lesson, he mentioned “thinking outside the box” and the importance of trial and error.
Here, Chris’s lesson promoted understanding pattern recognition, problem decomposition, and
the testing-debugging cycle. A key takeaway from Chris’s lesson was that while a good build
qualifies for competition, the student’s ability to problem-solve through programming truly sets
them apart.
Abstraction and Modularization

Abstraction and modularization enabled students to compartmentalize problems for

efficient resolution. Chris’s lesson further emphasized the modular nature of programming by
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encouraging students to break down their coding challenges into more straightforward steps or
blocks. Shawn’s lesson reinforced this theme, with students building the robot in small
components that come together, allowing for easier troubleshooting of mistakes.

The incorporation of building on prior knowledge is evident in Steve’s and Sheila’s
lessons. Steve introduced students to the VEXcode 1Q app, allowing students to build upon their
foundational programming knowledge for future projects. Sheila focused on understanding gear
mechanisms and their use in different configurations for specific outcomes, such as altering
speed and torque. This concept of abstracting a complex problem into simpler parts is a hallmark
of CT.

Data Analysis and Management

Data analysis and management were consistent themes, especially in Vince’s lesson.
Students were introduced to calculating robot speed and wheel circumference, bridging the gap
between physical robotics and abstract data analysis. By having students solve problems based
on formulas and practical testing, Vince’s lesson ensured that they engaged in data collection,
representation, and manipulation. Sandra’s lesson on EV3 further emphasized data management.
The instruction for setting a threshold involved measuring light levels, recording these data
points, and then using them to calculate an average. This process highlights data collection,
manipulation, and analysis in a tangible manner. Finally, Sheila’s lesson, emphasizing gear
ratios, indirectly touched upon data collection and analysis. By experimenting with different gear
combinations, students effectively gather data on how each combination impacts speed and
torque. Analyzing these outcomes can provide insights into the optimal gear ratios for specific

tasks.
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Computational Modeling

Computational modeling involves using digital representations to understand real-world
scenarios. Vince’s gearing lesson resonated with this theme as students learned to model speed
and distance through calculations. Chris’s and Terri’s lessons both indirectly incorporated
elements of computational modeling. In Terri’s plan, students can experiment with the VEX
curriculum website for configuring and wiring robots, offering potential exposure to
computational models used for robot design. Chris’s lesson encouraged students to consider their
robots’ physical capabilities and limitations. Students get introductory experience designing and
assessing computational models by iterating and refining consistent behaviors. A summary of the

thematic analysis of instructors’ lesson plans analysis is shown in Figure 1.



Figure 1

Thematic Analysis: Instructor Lesson Plans
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Theme
And
Frequency

Computational Thinking Codes
and
Definitions

Instructors

Programming Concepts
33

Sequences: Basic programming structures
and the order of operations.

X| Chris
X! Eric

X| Sandra
X| Shawn
X| Sheila
X | Steve

X| Terry

X | Vince

Loops: Techniques for repeating specific
actions.

X
X

Parallelism: Managing multiple tasks
simultaneously.

Events: Triggered actions based on specific
occurrences.

Conditionals: Decision-making in
programming.

Boolean expression: Logic-based decision
criteria

Problem Solving & Design
56

Being incremental and iterative: The iterative
process of design, prototype, test, and
redesign.

Testing and debugging: Identifying and
resolving issues.

Problem decomposition: Breaking down
more significant problems.

Preparing problems for computational
solutions: Adjusting or reframing issues to be
more computationally approachable.

Choosing practical computational tools:
Deciding on the best tools for the task.

Assessing different approaches to a solution:
Comparing and selecting from multiple
solution paths.

Pattern recognition: Identifying repeating or
underlying structures.
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Theme Computational Thinking Codes " o §_‘—E ol > 8
And and S|2|E|E|8 8|5
Frequency Definitions (continued) o|W|B|»|v |5 F| >
Reusing and remixing: Incorporating existing
'c%g solutions or modules. XXX | XX |X]|X]|X
©
.§ s < | Abstracting and modularizing: Grouping
@‘—g‘\‘ functionality into manageable and reusable XXX | X[ X[|X|X|X
573 chunks.
'2 p= Procedures and algorithms: Step-by-step,
exact solution pathways. XXX | X[ X[|X|X|X
Collecting data: Gathering raw data from
T various sources. XX [ X[ X[ X[X[X]|X
© Creating data: Simulating or developing new
§ datasets. Manipulating data: Adjusting, XXX |X|X|X|X]|X
QE) é cleaning, or transforming data.
2w & | Analyzing data: Interpreting data to find
gé insights or patterns. X |IX|[X[X[X|X]|X]|X
% Visualizing data: Creating graphical
a representations of data for better XXX [X[X|X|X|X
understanding.
Using computational models to understand
= concepts: Utilizing models as teaching and XXX | X[ X[|X|X|X
= understanding tools.
§ Using computational models to evaluate
S solutions: Test solutions without committing | X [ X [ X | X | X | X [ X | X
=N to a specific approach.
5 ™ Assessing computational models: Comparing
s and contrasting models to real-world XX [X[|[X[X[X|X|X
=l scenarios.
g Designing computational models:
O Conceptualizing and structuring new models. | X [ X | X | X | X | X | X | X

Note. The chart shows whether a theme is present in the data, not the frequency of its occurrence

in each participant’s data.
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The findings from this study aligned with previous research. The identified themes
aligned closely with prior knowledge and did not present significantly divergent perspectives.
The recurring themes remain consistently dominant, serving as an indication of reaching
saturation (Creswell, 2013).

Research Questions

Incorporating robotics in education fosters critical thinking and enriches the teaching
experience. Chris’s lesson stated his theory that programming is integral to success in robotics
competitions, emphasizing its practical implications. Eric’s lesson underscored the significance
of hands-on experience, advocating for the exploratory design of robots without predetermined
instructions. Vince’s lesson focused on the relationship between theory and practice, with
mathematical concepts translated into tangible robotic outcomes.

Lastly, Shawn’s lesson emphasized foundational knowledge, ensuring students
understand the basics of each robot part before assembly. The lesson plans showcased that ER is
a powerful tool to nurture critical thinking among elementary students. Through hands-on
experiences, students grasp complex programming concepts, develop problem-solving skills, and
explore data analysis.

Research Question 1

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

Through their distinct approaches, the instructors highlighted the multifaceted benefits of
integrating robotics into education, fostering computational and critical thinking. These lesson
plans’ trends and emerging themes reveal that instructors aim to foster critical thinking by

promoting problem-solving, active learning, design iteration, and experiential engagement.
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The lesson plans highlighted various ways instructors integrated CT principles in ER.
This thematic analysis underscores the dynamic intersection of robotics education and CT, with
educators as pivotal conduits. Overall, these lesson plans reflect the commitment of educators to
preparing elementary students with skills necessary for a technologically advanced world.
Research Question 2

RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?

The perspectives of instructors on developing CT using ER were positive and proactive.
The lessons incorporated elements of CT, from understanding basic programming concepts to
the hands-on application of these concepts in problem-solving scenarios. Instructors recognized
the value of using robotics as a tangible tool for instilling CT. Their perspectives on developing
CT with robotics were grounded in tangible experiences, emphasizing the importance of iterative
learning, data analysis, and understanding the abstract layers of programming.
Analysis of Data Source 2: Instructors’ Surveys of Student Work

Instructors supplied examples of student work samples, and the secondary data source
came from a written survey (see Appendix C) where instructors discussed these student work
samples.
Thematic Analysis: Instructors’ Surveys Questions of Student Work

Based on the teacher surveys (see Appendix C), the analysis provided data on several key
themes that emerged in relation to focusing on the use of ER to promote critical thinking among
elementary students and the instructors’ perspectives on developing CT using these robotic tools.

There were a few notable trends from the instructors’ survey that were not directly from
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computational code. It is necessary to mention them because they provide additional context for
understanding instructors’ perspectives.

The educators unanimously described the classroom environments as interactive,
conducive to collaboration, and explorative. Sandra, Eric, and Shawn observed collaborative
working tendencies among students. Participant Sandra shared, “The students worked
collaboratively [with] each other.” In addition, Eric explained, “The students worked in teams for
this lesson,” to emphasize the importance of teamwork in solving complex challenges.

All educators played facilitative roles, guiding students as needed and emphasizing
hands-on learning. Autonomy allowed students to apply cognitive skills like logical reasoning
and critical thinking, as noted by Sandra and Eric. Eric shared, “The most noticeable cognitive
skills applied were creativity, sustained attention, and logical thinking.” Sandra explained, “One
of the cognitive skills applied is logical reasoning.” While some activities were more guided,
such as Shawn’s VEX 1Q robot building, others, like Eric’s bat attachment task, required greater
cognitive application, fostering creativity, sustained attention, and logical reasoning.
Programming Concepts

ER employs multiple programming concepts, offering students an understanding of
sequences, loops, parallelism, events, conditionals, and Boolean expressions. As observed in
Steve’s response, using the VEXcode 1Q app for programming VEX IQ robots exposed students
to block coding, reminiscent of the popular Scratch interface, allowing students to navigate
through mazes.

Steve said:

This assignment is a really good introduction activity for programming VEX 1Q robots

on the VEXcode 1Q app. The app is packed with so many helpful features, my favorite
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being the format. It resembles that of the scratch coding website and app, which a lot of

students have used before enrolling in the course. For the block coding option, it feels

like a design standard that should be used across all robotics platforms.

Incorporating these concepts, from primary sequences to Boolean logic, exemplifies how
robotics can serve as a conduit for introducing elementary students to intricate programming
ideas.

The EV3 robot project described by Sandra and the VEX 1Q robot task detailed by
Shawn underscored the foundational programming concepts essential for the tasks. Sandra
highlighted the following:

The student assignment was to create an EV3 robot base with the line sensor attachment.

Once the students completed the build of the robot, they were then tasked with

programming the robot to follow a black line. This was supported with [sic] a lesson on

algorithms and how programming works. In order to successfully complete the task,
students learned the concepts of a loop and a switch statement in programming.

In contrast, Shawn did not dwell heavily on programming; however, he alluded to
preloaded programming on the robot’s brain. He stated, “Once the robot was built, the students
were then able to control the robot via remote control with the program already on the brain of
the robot.”

Problem Solving and Design

The theme of problem-solving and design was central to integrating ER into the
curriculum. For instance, Sheila’s gear ratio simulator lesson with the VEX 1Q parts illustrated
the iterative design, prototype, test, and redesign process. Sheila explained, “The student

assignment was to create a gearbox in order to better understand the concept of torque and speed
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as well as the tradeoff between the two,” and ““students were then given challenges to apply what
to learn to create different gear ratios.” Vince’s sumo-bot wrestling activity, where students must
contemplate the strength of structures, gear ratios, and more, exemplified problem decomposition
and pattern recognition. Vince said:

The assignment is all about computational thinking. This starts with the calculation of the

strength of the structure. Teams planned structures that they thought would be strong and

resistant to the pressure of the wrestling competition. This included applying gear ratios
that make the robot’s wheels move faster while applying gear ratios on the arms that
make the robot stronger.

Such activities encourage students to break down challenges, compare solutions, and
identify patterns, fortifying their problem-solving skills. The iterative design, testing, and
redesign process was evident across all the surveys.

Sandra’s students faced challenges in programming the robot to follow a line. Participant
Sandra revealed, “For the programming, the students had a more difficult time understanding
how to get the robot to follow the line. Physical demonstrations were very helpful for the
programming aspect.” Chris noted, “Students experimented with variables to achieve different
outcomes,” and Eric indicated, “Students demonstrated a straightforward iterative approach,
modifying their bat designs based on trial and error.” These themes captured the essence of
problem decomposition, pattern recognition, and testing and debugging.

Abstraction and Modularization

Many teachers’ responses highlighted the process of reusing, remixing, and abstracting

information into manageable chunks. Terry’s claw-bot building assignment using visual

instructions on iPads showed how students employ procedures and algorithms. Terry asserted,



79

“The students demonstrated several computational thinking principles during the assignment.
They included procedures and algorithms as they use step-by-step instructions to build their
base.” This idea of leveraging prior knowledge or existing modules—whether they are code
snippets or construction techniques—allowed students to handle more complex projects by
compartmentalizing them into more straightforward, more approachable tasks.

Eric’s survey highlighted this theme most prominently. Students in his class displayed
abstraction by visualizing a robotic baseball bat attachment, while modularization was evident as
they integrated the bat into their existing robot designs. This reuse and remix approach,
demonstrated by borrowing ideas from an instructor’s design, emphasized the utility of existing
solutions. Eric explained, “Reusing and remixing was another large part of this lesson as many of
the teams tried to base their design off of an instructor-designed bat robot.”

Data Management and Analysis

Data management and analysis encompassed several key processes. First, there was the
act of collecting data, which involved sourcing raw information from diverse origins. Eric’s
survey revealed that “The students were mostly trying to solve the problem by using testing and
debugging, in each team, the bat design went through a process of trial and error before the team
would come to a final decision.” Vince noted, “The assignment is all about computational
thinking. This starts with the calculation of the strength of the structure.” The creation of data
follows, where new datasets are either simulated or developed. Once data is acquired, it often
requires manipulation, which can include adjusting, cleaning, or even transforming the
information to ensure it is usable. Eric noted data manipulation in his student’s work, “When one
team built a bat, they found that the size was too large for the robot to stay upright while in

motion, so they reduced the size and tried again.” Vince noted, “This included applying gear
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ratios that make the robot’s wheels move faster while applying gear ratios on the arms that make
the robot stronger.” After refining the data, it is essential to analyze it, seeking out insights or
discerning underlying patterns. The final step in this process is visualizing the data. This entails
crafting graphical depictions of the information, enhancing comprehension, and offering a
clearer perspective on the data’s significance. Steve noted:
This assignment is a really good introduction activity for programming VEX 1Q robots
on the VEXcode 1Q app. It resembles that of the scratch coding website and app, which a
lot of students have used before enrolling in the course.
Computational Modeling
Vince’s assignment provided a glimpse into computational modeling. When building the
sumo-bot wrestling robot, students must contemplate and make decisions based on their
understanding of the mechanics—Ilike gear ratios and structure strength. Vince acknowledged:
Teams planned structures that they thought [would] be strong and resistant to the pressure
of the wrestling competition. This included applying gear ratios that make the robot’s
wheels move faster while applying gear ratios on the arms that make the robot stronger.
This signified deploying computational models to understand concepts and evaluate
potential solutions. The modeling theme was illustrated best in Eric’s lesson. Students designed a
bat-like attachment and incorporated programming to simulate its behavior. Eric explained:
The students had to come up with ideas for how to design a baseball bat-like attachment
to their VEX 1Q robot. Once the construction of the bat is complete, the students add the
programming for how the bat would work and test out the design. Once the main
objectives were complete, they could try to look for any other changes they could make

with the new addition, including any issues it may have caused to the main chassis.
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Integrating physical design with software modeling captures the essence of computational

modeling as a teaching tool. Figure 2 illustrates the thematic analysis of the instructor surveys of

student work and the recurrence of each theme among the participants.

Figure 2

Thematic Analysis: Instructor Survey of Student Work

Instructors
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Pattern recognition: Identifying repeating or

underlying structures. X | X | X X X
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Note. The chart shows whether a theme is present in the data, not the frequency of its occurrence

in each participant’s data.
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Research Questions
Research Question 1

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

The survey (see Appendix C) responses highlighted the multifaceted use of ER in
fostering critical thinking. In the realm of robot building and design, tasks often revolve around
students designing robots or adding unique features. As Vince mentioned, “Students were
grouped into teams and asked to build and program a sumo-bot ‘wrestling’ robot.” Eric further
elaborated on the creativity and logical thinking involved by stating, “The students had to come
up with ideas for how to design a baseball bat-like attachment to their VEX 1Q robot.”

When it came to programming and coding, students were introduced to a spectrum of
activities, from elementary block coding to intricate algorithms. Steve highlighted this by noting,
“The students are only expected to use the Drivetrain blocks.” As students dabble in these tasks,
they deploy trial and error methods, enhancing their problem-solving skills. Sandra emphasized
the integration of CT principles and said, “The student assignment was to create an EV3 robot
base with the line sensor attachment with a lesson on algorithms and how programming works.”

Collaboration and teamwork were pivotal in these activities. As Eric detailed, “The
students worked in teams for this lesson. The teams typically comprised groups of 2-3 kids.”
This teamwork occasionally results in variances in group dynamics, but as Steve documented,
“Robotics is usually done in teams,” ensuring collaborative learning.

The instructor’s role was often that of a facilitator. Eric elucidated this and stated, “The

instructors acted more so as facilitators,” while Vince commented on the instructor’s emphasis
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on student creativity and said, “For this assignment, the students were expected to express the
creativity and the unique ideas of the team. The teacher only served as a facilitator.”

Describing the classroom environment, Eric mentioned the systematic setup. He said,
“The classroom environment was set up like a typical classroom where the tables are lined up
and organized for small groups.” Sandra added that such environments were spacious enough for
active building activities and said, “The classroom environment was a big classroom that
consisted of a space for building robots; each team [was] assigned to a separate table.”

There were evident variations in enthusiasm and approach regarding student engagement
and cognitive skills. Eric observed the application of “creativity, sustained attention, and logical
thinking.” Steve, on the other hand, pointed out the diversity of cognitive skills applied, “In an
average class, you will see each team apply at least one different cognitive skill than the other.”

Lastly, in discussing gender dynamics, differences in male and female student
engagement patterns were noted. Vince’s observation was quite telling. He commented, “Male
students tend to be more likely to dive in without worrying about failure. The female students
tend to be more reflective.” Steve also shared insights, noting that during building tasks, “male
students tend to tackle the challenge with the goal of making a better robot than the other teams,
whereas the females tend to aim for a well-done result.”

Research Question 2

RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?

From the instructors’ perspective, ER was an effective means to cultivate CT. ER
presented a multifaceted approach to fostering critical and CT among elementary students.

Instructors unanimously agreed on the potential of ER in promoting critical and CT among
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elementary students. Eric emphasized the guiding role of examples, noting, “Initially, the
students didn’t seem to understand what to do ... until they were able to see an example.” He
further highlighted the significant roles of “creativity, sustained attention, and logical thinking.”
Vince, focusing on foundational knowledge, said students were “expected to be creative and
build based on their learned knowledge.” He also discerned gender-specific approaches, pointing
out how “male students tend to dive in. The female students tend to be more reflective.”

Steve promoted user-friendly tools and stated, “The app resembles the scratch coding
website and app.” Terry outlined a structured collaboration and commented, “The students work
in collaborative groups of three,” and noted gendered engagement differences in his observation.
Chris acknowledged the benefits of autonomous programming, saying students understood that
“instructing a robot to drive without a controller is possible.” Sandra believed that “physical
demonstrations were very helpful for the programming aspect,” while Shawn emphasized the
direct, hands-on approach, admitting that students “really didn’t have the opportunity to
demonstrate computational thinking principles.” Finally, Sheila stressed the significance of
understanding key robotics concepts, pointing out that the assignment was “to create a gearbox
to understand the concept of torque and speed.” Collectively, these perspectives underscored the
intertwined relationship between ER and CT, all while emphasizing the unique insights and
challenges perceived by different instructors.

Analysis of Data Source 3: Instructors’ Interviews

Instructor interviews (see Appendix D) provided data with several emerging themes

related to the instructors’ perspectives on the goals of ER instruction and its application in

promoting critical thinking and CT in elementary students.
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In addition to CT, instructors highlighted robotics as a useful tool to prepare students for
the future, building interpersonal skills and teamwork and exposure to fields of robotics and
engineering.

The instructors appeared unanimous in their belief that instruction in robotics prepares
students for the future. Vince emphasized, “To prepare students for the future workforce by
teaching them how to utilize critical thinking, algorithmic thinking, and communications skills.”
Eric and Steve both alluded to how robotics education readies students for technology’s
increasing role in daily lives and offers a glimpse into perspective career fields. Eric mentioned:

The goal of robotics education is to increase the level of process thinking (computational

thinking) in students. The instruction also exposes students to technology that is

becoming a more common part of everyday life and it allows them to view related career
fields as valid options for the future.

Steve indicated:

The goal of robotics instruction is to prepare students for a variety of engineering-

oriented careers while also integrating with the core subjects to help them develop

cognitive skills and computational thinking ... Offering courses that promote industry-
ready ideals can be the start of a career path for all students, engineering or not.

Steve’s interview discussed how robotics develops interpersonal skills. Steve asserted,
“Another overlooked skill that educational robotics can offer is teamwork; that includes team
building, scouting members, leadership, and professionalism.” Such skills are indispensable in
the real world and further justify the importance of robotics in schools. Several instructors
highlighted the importance of merely exposing students to the field of robotics and the broader

domain of engineering. Shawn said, “The goal of the robotics instruction was to introduce the
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students to robotics acts as a pipeline to eventually study engineering.” Eric said, “The
instruction also exposes students to technology that is becoming a more common part of
everyday life, and it allows them to view related career fields as valid options for the future.”

Steve mentioned, “The goal of robotics instruction is to prepare students for a variety of
engineering-oriented careers. Offering courses that promote industry-ready ideals can be the start
of a career path for all students, engineering or not.” Shawn focused on raising awareness of
robotics and stated, “The goal of the robotics instruction was to introduce the students to robotics
... they will become aware that they have the power to engage in creativity and construction,
which acts as a pipeline to eventually study engineering.” Exposure to robotics and its diverse
applications could serve as a catalyst for nurturing critical thinking among students.
Thematic Analysis: Instructors’ Interviews

This thematic analysis examined the data from the teacher interviews (see Appendix D).
The data collected from the interviews provided insight into teachers’ experiences and
perspectives on developing CT using ER in the elementary school setting. This thematic analysis
provided data on several key themes to focus on using ER to promote critical thinking among
elementary students.
Programming Concepts

ER is pivotal in introducing elementary students to programming concepts. When
discussing the goal of robotics instruction, teachers like Sandra and Shawn noted its utility in
enabling students to understand the process of building and programming robots for specific
tasks. Shawn believed, “The goal of the robotics instruction was to introduce the students to
robotics. Robotics is a very cool field, and often students aren’t aware of it outside of TV.”

Sandra stated, “The goal of robotics instruction is to allow students to experience robotics
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through the process of building one’s own robot and learning how to program that robot to
accomplish the task.” Sheila articulated, “Based on my experience, students often do not have
well-developed critical thinking skills, and thus educational robotics is a great means to develop
computational thinking.” Chris also supported this sentiment and said:

The goal of educational robotics was to give the younger kids a head start in STEM

education and help them understand a rapidly modernizing world. Within 2 to 3 days of

the program, almost all the students in each class I’ve seen have shown a very strong

interest in at least some aspects of STEM [emphasizing the benefits of giving students a

head start in STEM education].

In their interviews, the instructors emphasized the importance of foundational vocabulary
in understanding CT. As Sheila and Steve both highlighted, students used terms like “testing”
and “debugging.” Terry further emphasized that students often reference “step-by-step
instructions,” while Vince highlighted words such as “build,” “program,” and “measure.”
Problem-Solving and Design

Robotic instruction promotes problem-solving and design skills. When asked if ER
helped students develop CT skills, all instructors believed it enabled students to “think critically
and solve problems.” As Eric articulated, the challenges associated with “designing, building,
and programming a robot without step-by-step instructions’ naturally demand CT. Shawn
echoed similar sentiments and said, “Robotics education forces students to think about problems
in a unique way that [is] not typical of the regular educational curriculum.” Sandra articulated:

Yes, because it allows students to think critically and solve problems that arise

throughout the engineering process. When building and programming a robot, if things
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don’t work the first time and so the students quickly learn to iterate and try something

new to get something to work.

Eric responded, “I think educational robotics helps students develop computational
thinking skills because the process of designing, building, and programming a robot without
step-by-step instructions requires the use of computational thinking even without being primed to
do so.”

A consistent theme across the interviews was the value of problem-solving. Sheila
mentioned, “Robotics is an engineering design process is a circular process that requires
designing, testing, and making modifications.” Steve emphasized students’ core CT strategies,
such as “sequences, loops, events, conditionals, testing and debugging, procedures and
algorithms, problem decomposition, collecting data, and pattern recognition.” Vince also
highlighted the critical importance of “measurement, planning, time management,
communications, documentation, analysis, adjustment, practice, pattern recognition, and
debugging.”

Abstraction and Modularization

Several instructors touched on abstraction, which simplified complex problems or tasks
into smaller, more manageable components. Sandra’s students, for instance, were “implementing
abstraction” when trying to solve problems. Shawn also mentioned the importance of students
using abstraction and recognizing patterns and said:

There was some abstraction and pattern recognition being used by the students. Robotics

allows students to take individual pieces, put them together, and build something that is

an unrecognizable machine that can actually complete a commanded task. As the
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instructor and coach, | am consistently encouraging students to look for symmetry to

create a stable build. So, it is important to recognize patterns for successful builds.

While not explicitly termed as such, the essence of abstraction and modularization was
evident. For instance, Terry’s mention of students using “sequencing, events, and conditional”
highlighted the idea of breaking down complex tasks into smaller, more manageable ones. Eric
emphasized:

The computational thinking strategies are definitely sequences, events, and testing and

debugging, the process of building robots is following steps so that one action causes

another action, and if the action is not the intended action, you test and make adjustments
based on the desired outcome.
Data Management and Analysis

Data management and analysis skills also emerged from robotics instruction. The
iterative process—where students repeatedly refine their robotic instructions based on test
results—spoke to the core of CT. Eric stated:

The process of designing, building, and programming a robot without step-by-step

instructions requires the use of computational thinking even without being primed to do

so. For example, when students were told to program their robot to go through a maze,
they had to use testing and debugging and collecting data to solve the maze.

The feedback loop essential for data analysis was evident in Sheila’s explanation:
“Robotics, for example, is a great tool that allows students to self-correct. Because robotics
provides immediate feedback, students can re-examine their build and self-correct by trying
another approach for the solution or the desired result.” Vince discussed how students work

within constraints and use sensors and said, “Students definitely develop computational skills.
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They work within the constraints by building to the optimized dimensions, arranging the gear
ratios for speed and/or [sic] torque, by managing the materials, and by deploying sensors that
respond to the physical environment.”
Computational Modeling

The use of ER naturally promotes computational modeling, allowing students to build
and refine models of how their robots should function in each environment. Eric’s students, for
instance, needed to consider sequences, events, and test outcomes to ensure their robots could
tackle given challenges. Instructors emphasized the importance of hands-on learning. Steve
highlighted the significance of robotics courses in bridging the gap between theory and
application, especially in developing cognitive skills and CT. He said, “The goal of robotics
instruction is to prepare students for a variety of engineering-oriented careers while also
integrating with the core subjects to help them develop cognitive skills and computational
thinking.” Figure 3 illustrates the thematic analysis of the instructor interviews and the

recurrence of each theme among the participants.
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Thematic Analysis: Instructor Interview Results
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Theme
And
Frequency

Computational Thinking Codes
and
Definitions

Instructors

Chris

Programming Concepts
24

Sequences: Basic programming structures
and the order of operations.

X! Eric

X| Sandra
X| Shawn
X| Sheila

x| Steve

X| Terry

X! Vince

Loops: Techniques for repeating specific
actions.

X

Parallelism: Managing multiple tasks
simultaneously.

Events: Triggered actions based on specific
occurrences.

Conditionals: Decision-making in
programming.

Boolean expression: Logic-based decision
criteria

Problem Solving & Design
37

Being incremental and iterative: The iterative
process of design, prototype, test, and
redesign.

Testing and debugging: Identifying and
resolving issues.

Problem decomposition: Breaking down
more significant problems.

Preparing problems for computational
solutions: Adjusting or reframing issues to be
more computationally approachable.

Choosing practical computational tools:
Deciding on the best tools for the task.

Assessing different approaches to a solution:
Comparing and selecting from multiple
solution paths.

Pattern recognition: Identifying repeating or
underlying structures.
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Theme Computational Thinking Codes " S SI=lo|l> 8
And and S22 82| 3|5|E
Frequency Definitions (continued) C|UW|&|n|n| 6| -] >
Reusing and remixing: Incorporating existing
'c%g solutions or modules. X X | X [X|X
©
§ -2 _, | Abstracting and modularizing: Grouping
§L§N functionality into manageable and reusable XXX |X|X|X|X]|X
%3 chunks.
ff P Procedures and algorithms: Step-by-step,
exact solution pathways. XXX |X|X|X|X]|X
k% Collecting data: Gathering raw data from
% various sources. X[ X[ X[ X[|X|X]|X
[
g Creating data: Simulating or developing new
= datasets. Manipulating data: Adjusting, X | X | X X[ X[ X [X
2 cleaning, or transforming data.
e Analyzing data: Interpreting data to find
% insights or patterns. X[ X[ X|X[|X|X]|X
[
g Visualizing_ data: Creating graphical
fi representations of data for better
8 understanding.
Using computational models to understand
= concepts: Utilizing models as teaching and XX [X[|[X[X[X|X|X
= understanding tools.
= Using computational models to evaluate
= solutions: Test solutions without committing | X [ X [ X [ X | X [ X [ X | X
f_g - to a specific approach.
= « Assessing computational models: Comparing
I and contrasting models to real-world X | X[ X|X|X[X]|X
= scenarios.
% Designing computational models:
© Conceptualizing and structuring new models. | X | X | X | X | X | X | X | X

Note. The chart shows whether a theme is present in the data, not the frequency of its occurrence

in each participant’s data.
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Research Questions
Research Question 1

RQL1. How do instructors describe the use of educational robotics to promote critical
thinking skills among elementary students?

Shawn asserted, ““I believe that educational robotics does help students develop
computational thinking skills because robotics education forces students to think about problems
in unique ways that are not typical of the regular educational curriculum.” Eric noted:

| think educational robotics helps students develop computational thinking skills because

the process of designing, building, and programming a robot without step-by-step

instructions requires the use of computational thinking even without being primed to do
so. For example, when students were told to program their robot to go through a maze,
they had to use testing and debugging and collecting data to solve the maze.

Sheila stated, “Educational robotics allows me to make STEM concepts more fun and
engaging.” Additionally, she mentioned, “Robotics, for example, is a great tool that allows
students to self-correct. Because robotics provides immediate feedback, students can re-examine
their build and self-correct by trying another approach for the solution or the desired result.”
Steve believed the following:

Robotics courses differentiate themselves from core subjects because they offer hands-on

challenges that involve logical reasoning and physical skills. Challenges can get more

intricate as the course continues, but the approach that students take will be more
efficient every time.

Terry acknowledged the following:
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| do believe that robotics helps students develop computational skills. The nature of
building robots is using a step-by-step process to build and trial and error to find
solutions. As students participate in educational robotics, they practice computation
thinking.
Vince explained:
Yes, students definitely develop computational skills. They work within the constraints
by building to the optimized dimensions, arranging the gear ratios for speed and/or [sic]
torque, by managing the materials, and by deploying sensors that respond to the physical
environment.
Research Question 2
RQ2. What are instructors’ perspectives on the development of computational thinking
using educational robotics?
The semistructured interviews revealed several recurrent themes regarding using ER to
promote critical thinking and CT among elementary students. Steve noted:
Robotics courses differentiate themselves from core subjects because they offer hands-on
challenges that involve logical reasoning and physical skills. Challenges can get more
intricate as the course continues, but the approach that students take will be more
efficient every time. In other subjects, this effect is clearly shown in comparison to the
learning curves of students [who] are not enrolled in robotics.
Both Terry and Vince strongly believed in the role of ER in fostering CT. Terry stated:
| do believe that robotics helps students develop computational skills. The nature of

building robots is using a step-by-step process to build and trial and error to find
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solutions. As students participate in educational robotics, they practice computation

thinking.

Additionally, Vince emphasized:

Yes, students definitely develop computational skills. They work within the constraints

by building to the optimized dimensions, arranging the gear ratios for speed and/or [sic]

torque, by managing the materials, and by deploying sensors that respond to the physical
environment.

Sheila emphasized the relevance of ER in developing CT, observing that students who
engage long-term with robotics tend to pursue STEM majors. She stated:

Yes, based on my experience, students often do not have well-developed critical thinking

skills, and thus, educational robotics is a great means to develop computational thinking.

I’ve found that of the students [who] have had experience in robotics long-term, they are

more likely to go into a STEM major and stick with it.

Instructors see ER as a useful tool for fostering critical and CT among elementary
students. Through hands-on experiences and immediate feedback, students engage deeply with
core computational concepts, preparing them for future STEM-oriented careers. Educators
emphasize the importance of integrating robotics into the curriculum to foster CT in students.
The perspectives of these educators provide insights into how robotics can promote skills beyond
just programming.

Sandra explained, “The goal of robotics instruction is to allow students to experience
robotics through the process of building one’s own robot and learning how to program that robot
to accomplish the task.” She believed that “educational robotics is also very good at generating

curiosity or motivation to explore a career in education.” Moreover, she noted that students
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utilize computational thinking terms, such as “AND” and “OR,” without even realizing it.” Chris
pointed out that “The goal of educational robotics was to give the younger kids a head-start in
stem education and help them understand a rapidly modernizing world.” He firmly believed that
“robotics definitely encourage high-level computational thinking skills in kids.” Eric suggested,
“The goal of robotics education is to increase the level of process thinking (computational
thinking) in students.” He added, “Educational robotics helps students learn how to work in
teams, solve complex problems, and think outside the box.” Shawn said, “Educational robotics
does help students develop computational thinking skills because robotics education forces
students to think about problems in unique ways.” Sheila highlighted the following and said,
“The goal of my robotics instruction is to introduce students to STEM concepts in a hands-on
way.” She commented, “Educational robotics is a great means to develop computational
thinking.” Steve mentioned, “The goal of robotics instruction is to prepare students for a variety
of engineering-oriented careers while also integrating with the core subjects to help them
develop cognitive skills and computational thinking.”
Conclusion

The data sheds light on the primary research questions. First, as described by instructors,
ER served as a hands-on tool to cultivate critical thinking, especially when students are
encouraged to overcome initial challenges and explore solutions. Second, the instructors viewed
these activities as essential for developing CT, especially when students can access intuitive
tools, prior experience, and practical examples to guide their learning journey.

The analysis findings validate prior research on the importance of hands-on and
experimental learning and offer a deeper insight into the role of collaborative problem-solving in

CT. Past research may have identified the individual components of CT or the benefits of hands-



on activity. The next chapter will discuss how this analysis bridges the two, highlighting how

they enhance each other within the context of ER in elementary school students.
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Chapter 5: Discussion, Conclusions, and Recommendations

ER is a flourishing tool in K-12 classrooms aimed at fostering the development of CT
among students. ER seeks to bridge the gap between traditional screen-based and physical
computing, providing students with tangible, real-world applications of computational concepts.
While the use of robotics in education has been applauded for its potential to increase student
engagement, motivation, and interest in STEM fields, there exists a need to delve deeper into
understanding its impact, particularly on elementary students.

CT, defined in the 1980s, is not just about thinking like a computer but is a broad and
multifaceted approach to problem-solving that encompasses decomposition, pattern recognition,
abstraction, and algorithmic thinking. The applicability of CT extends far beyond computer
science and has been publicized as an essential skill for the 21st century. Mastery is believed to
increase potential relevance to employability in STEM careers.

However, despite its importance, there seems to be a deficiency in CT skills among K-12
students, as evidenced by academic performance metrics in Texas.

This qualitative descriptive study focused on Texas, a state with a significant student
population but very limited data on the number of dedicated robotics instructors. By targeting
instructors involved in robotics education, the study garnered insights into the role of ER in
honing elementary students’ CT abilities. Specifically, the study answered how instructors
perceive the utility of robotics in fostering critical thinking and their perspectives on the
development of CT facilitated by robotics.

Discussion
Using Papert’s (1980) constructionism theory as an anchoring framework, the results

provided robust evidence for the intricate interplay between robotics education and the
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amplification of CT. Consistent with Papert’s (1980) assertions, students actively construct
knowledge through a blend of experiences and ideas, reflecting the central premise of
constructionism that knowledge arises from the interplay between one’s experiences and
conceptualizations. In this environment, educators transitioned from mere knowledge dispensers
to facilitators, steering learners as they construct concepts grounded in their personal experiences
and contemplations. The tangible objects, notably the robot, served as a tool that facilitates and
fosters knowledge construction, aligning with Papert’s (1980) and Papanastasiou et al.’s (2019)
position on the potential of hands-on learning.

The study brought to the forefront the value of experiential learning, mirroring the
findings by Mayoral-Rodriguez et al. (2018) and Kong (2021), both of whom advocated for
hands-on activities as catalysts for enhancing problem-solving and engagement levels. However,
as Moye et al. (2017) pointed out, many instructional frameworks lack such hands-on
opportunities. Integrating more experiential learning instances, such as through ER, could
address this educational void, creating a deeper bond between students and the knowledge they
gain.

Furthermore, the data generated from the educators’ lesson plans, surveys, and interviews
consistently emphasized the significance of experiential learning and collaborative problem-
solving in fostering both computational and critical thinking. In the realm of CT, it was evident
that it was not merely an isolated cognitive endeavor. Instead, it was linked with components of
social interactions, communications, and teamwork. As students engaged in group activities such
as coding or debugging, they were compelled to explain their thought processes, solicit feedback,

and collaboratively refine solutions. This multifaceted approach to CT is underscored by the
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findings, which suggest it naturally ties to a broad spectrum of learning processes. Consequently,
it becomes evident that CT seamlessly combines varied subjects and pedagogical activities.

Additionally, the results signified a compelling correlation between ER and the growth of
object recognition skills, echoing Bers et al.’s (2002) claim that such capabilities act as a bridge
between abstract theories and tangible real-world applications. Instructors have noted that
students, when exposed to “powerful ideas,” as articulated by Papert (1980) and Holbert (2016),
could compare the academic content within broader real-world frameworks, enriching
knowledge retention and fostering a comprehensive understanding (Kelter et al., 2021; Makri et
al., 2015).

The study’s findings underscored that a thriving robotics curriculum exceeds technical
understanding. It combined elements within a broader canvas of collaboration, communication,
and problem-solving. As the educators’ role evolved in steering the trajectory of CT, it is evident
there is a need for continuous professional enrichment, ensuring educators remain adept in
cultivating collaborative problem-solving mindsets.

Limitations

This study was not without its limitations. The data collected from the surveys and
interviews relied on self-reported data, which could be influenced by recall bias and subjective
interpretation. Another consideration was the vast landscape of Texas education, combined with
the limited percentage of dedicated robotics instructors and the variation in how robotics is
offered (either as an enrichment class or an after-school program), which might introduce
variability in the findings. Also, the research primarily focused on educators’ perspectives; the
study did not examine the student’s viewpoints and experiences, which are essential to

understanding the full impact of ER on learning. Lastly, analyzing qualitative data from
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interviews can be subjective. Even though patterns and trends can be identified, different
researchers might interpret the data differently. My interpretations could introduce an element of
subjectivity to the conclusions.
Results and Analysis

The study on instructors’ perspectives of using Lego® EV3 and VEX IQ ER platforms in
elementary settings, based on lesson plans, surveys of student work, and teacher interviews,
generated vital insights. Instructors overwhelmingly viewed robotics as an invaluable tool to
stimulate critical and CT. Through thematic analysis, it emerged that instructors, while using
distinct methods, collectively viewed robotics as a platform that encouraged problem-solving,
hands-on engagement, and iterative learning. These approaches directly mapped to fostering
critical and CT, with robotics as a dynamic medium to bridge abstract computational concepts
with tangible learning experiences. Additionally, this integration was viewed as a mere STEM
introduction and a comprehensive method to cultivate various CT facets.
Significance and Contribution to Prior Research

These results resonated with Papert’s (1980) constructionism theory, asserting that
knowledge is best acquired through hands-on experiences and tangible project building. The
outcomes also corroborated the findings of Blikstein (2018), Bers et al. (2002), and others who
emphasized the “learning by doing” paradigm. The study further shed light on the value of
robotics as a tool for experiential learning, aligning with Kolb’s (1984) framework, which
propounds the benefits of directly engaging with materials for enhanced knowledge retention.
Consequently, the study contributed significantly to the existing literature by reinforcing the
importance of experiential learning through robotics in fostering CT, especially in elementary

settings. This understanding is instrumental for educational leaders in Texas and beyond to
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integrate robotics meaningfully in their curricula to develop computational and critical thinking
skills among students.
Implications

ER has been increasingly recognized as a potent medium for elementary students to
foster critical thinking and computational skills. Amid the rapidly evolving technological
landscape, there is a growing emphasis on equipping learners with 21st-century skills.
Examinations of lesson plans, surveys of student work, and semistructured interviews were
conducted with instructors to understand the pedagogical implications of integrating robotics in
elementary settings. The data was then subjected to thematic analysis.

Instructors perceived ER as highly interactive, fostering engagement and collaboration.
They saw robotics as an avenue for students to immerse themselves in computational and
problem-solving tasks, which are integral for cognitive and computational skill development
(Eric, Sheila, Steve, Terry, and Vince). Additionally, from the educators’ viewpoint, robotics
introduced students to STEM concepts and significantly increased their CT. The hands-on nature
of robotic tasks facilitates intricate problem-solving, data analysis, and computational modeling,
bridging the gap between theoretical knowledge and practical application (Chris, Sandra, Eric,
and Shawn).

Grounded in Papert’s (1980) constructionism theory, ER provided a hands-on learning
experience, fostering a connection between knowledge construction and tangible outputs. As
Papert (1980) contended, knowledge is not merely transmitted by instructors but is actively
constructed by learners. ER emulated the four pillars of constructionism—Ilearning by doing,
object recognition, influential ideas, and self-reflection, which further underlined the inherent

pedagogical value of ER (Bers et al., 2002; Lye & Koh, 2014; Scogin et al., 2017; Slangen et al.,
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2011). The implication of this pedagogical shift will position educators as knowledge facilitators.
When instructors were facilitators, the scenarios further emphasized the importance of
experiential learning (Kolb, 1984; Scogin et al., 2017).
Recommendation for Practical Application
Shift Toward a Facilitative Teaching Approach

Adopting Papert’s (1980) constructionism theory would require a shift in teaching
dynamics. Rather than being primary knowledge transmitters, educators in the elementary setting
would need to reposition themselves as facilitators. This new role involves guiding students
through hands-on activities, allowing students to build, experiment, and reflect upon their
experiences (Papert, 1980). This approach promoted a more student-centric learning environment
where learners actively engage in the knowledge-construction process. This transition may
require significant professional development for educators to understand and adopt this
facilitative role effectively.
Interdisciplinary Curricular Integration

The use of ER in elementary settings provided opportunities for interdisciplinary
curricular integration. As Slangen et al. (2011) suggested, the principles learned from ER can be
applied across various curriculum areas, including mathematics, science, engineering, and
computer science. The goal is to integrate different perspectives from multiple disciplines to
advance fundamental understanding and solve complex problems. This integrated approach can
make learning more holistic, allowing students to see different subjects’ interconnectedness and
relevance in the real world. Educational leaders may need to consider restructuring curriculum

planning sessions to encourage more interdisciplinary collaboration.
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Increase Experiential Learning Environments

The emphasis on “learning by doing” underscores the need for elementary settings to
foster experiential learning environments. According to Kong (2021), students who engaged in
hands-on activities reported enhanced learning engagement and better learning outcomes. To
implement this, elementary schools might need to invest in resources, such as robotics kits and
collaborative workspace areas, to support experiential learning. Furthermore, curricular activities
may need to be reevaluated to ensure they provide ample opportunities for students to tinker,
troubleshoot, and problem-solve, as Moye et al. (2017) highlighted.

Recommendations for Future Research

Drawing from the current research of instructors’ perspectives on ER and CT, a few
options for future studies emerged. First, as Sheila (a study participant) suggested, a longitudinal
study could provide data for the long-term ramifications of elementary students’ engagement
with robotics on their inclination toward STEM careers. A longitudinal assessment could shed
light on the ways to promote STEM careers. A study that examines students’ viewpoints and
experiences will provide data regarding the influence of ER on learning. Simultaneously, a
comparative evaluation of traditional pedagogies against robotics-infused teaching methods
could offer insights into the effectiveness of each in cultivating CT abilities in elementary
learners.

A consideration for future research in the field of ER and developing CT, with a gender-
related focus, could explore how to design robotics curricula and activities that are inclusive and
appealing to students of all genders. This might involve investigating which types of projects,
challenges, or themes are more likely to engage both boys and girls in CT through robotics.

Additionally, as ER strives to be inclusive, there could be research to increase the engagement of
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students who struggle in math and science. A study could conduct a comprehensive needs
assessment to understand the specific challenges and barriers faced by students with weaker
math and science skills in ER. The implementation of these recommendations is not just a step
but a significant leap toward the optimal use of ER in elementary schools. By doing so, educators
are not merely introducing students to a technological tool; they are cultivating an environment
where critical and CT can flourish. This foundation is crucial as these skills are no longer
optional but essential in the rapidly evolving 21st-century landscape. With the right strategies in
place, educators can ensure that students are not only consumers of technology but also
innovators, ready to face the complexities and challenges of the modern world.
Conclusion

In conclusion, this study not only reaffirmed the pedagogical potential of ER in fostering
critical and CT among elementary students but also underscored the foundational pillars of
constructionism as defined by Papert (1980) and elaborated upon by later scholars. Whereas
prior research has hinted at the individual components of CT, this study holistically emphasized
the relationship between hands-on learning and computational thought processes. When engaged
with ER rooted in constructionist principles, the findings suggested that students could
effectively transfer and apply learned principles across various academic disciplines, from
mathematics to engineering (Slangen et al., 2011). Consequently, this research makes a strong
argument for the expanded use of ER in schools, highlighting its significance in promoting
active, hands-on learning and enhancing critical and CT skills.
Chapter Summary

Recent research has spotlighted the importance of CT in K—12 educational settings due to

its potential to bolster academic performance and prepare students for a digitally infused future
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(Bers & Sullivan, 2019; Chevalier et al., 2020; Wing, 2011). The state of Texas, with identified
deficits in student math scores, pinpointed CT as a focal area for improvement. A burgeoning
approach to tackling this gap is through ER, which positively correlates with CT development

(Angeli & Valanides, 2020; Bers & Sullivan, 2019).
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Appendix A: Social Media Post
Looking for a few good men and women to participate in a descriptive study of

Educational Robotics and Computational Thinking in Elementary School Students.

The qualifying criteria include:
1. Educational Robotics Teacher of Elementary Students in TEXAS.
2. At least 18 years old.
3. Willingness to participate in a 30—45-minute interview.

Follow the link below for details.

(The link will be Appendix A)
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Appendix B: The Google Document Flyer

| am a doctoral student in educational leadership with a focus on emerging technology at
Abilene Christian University, located in Abilene, Texas, and my doctoral dissertation will
explore the impact of educational robotics and computational thinking on elementary school
students.

My data collection will include:

1. Robotics instructor’s lesson outlines.

2. Robotics instructor’s interview (45-60 minutes via Zoom).

3. Pictures or student work from the submitted lesson outline.

The goal of the study is to explore computational thinking through instructor-interpreted
experiences or educational robotics activities. The method is a qualitative descriptive study. A
coding system will be used to identify the collected data to preserve the confidentiality of all of
the participants. Participants may discontinue participation in this study at any time. There will
be no identifying information about the district, school, or students in the study’s findings. At the
conclusion of the study, the results will be made available to you.

The study participants are required to meet the following criteria: (a) above the age of 18
and (b) provide formal or informal robotics instruction in an elementary school setting.

If you would be interested in participating in the described study, please complete the
information below, and I will email study details and a consent form.

Yes, | am above the age of 18
Yes, | have a working knowledge of the educational robotics platform, and I provide
formal or informal robotics instruction in an elementary school setting in the state of Texas.

Name Email
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Please complete this form; information will be forwarded to xxxxx@gmail.com.

Questions or concerns, please contact Sonia Jordan at XXX-XXX-XXXX Or XXxxx@gmail.com.
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Appendix C: Survey Questions for Student Work
Describe the student assignment.
Did students understand the activity?
Did the student work independently or collaboratively?
Describe the classroom environment.
What cogitative skills are applied?
Describe (male and female) student’s engagement during the assignment.
Describe the instructor’s role in the student’s assignment (active, passive, authoritative,
facilitator vs. dictator).

Describe the demonstration of computational thinking principles during the assignment, if any.
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Appendix D: Semistructured Interview Questions

This is a semistructured interview, meaning these questions should be used as a guide,
but other relevant topics can be addressed. Participants may skip any questions they do not feel
comfortable answering. Interviewers may skip/add/adapt any questions as needed. These
questions are used as a starting point for conversation. Answers will be used to direct any
relevant follow-up questions and prompts.

What is the goal of robotics instruction?

How do male and female students engage in educational robotics (similarities and

differences)?

Elaborate on whether you believe educational robotics help students develop

computational thinking skills.

In addition to computational thinking, what benefits (if any) does educational robotics

have for students, such as teamwork, endurance, and curiosity?

What computational thinking vocabulary do students use most often?

What computational thinking strategies are used by the students?

Closing: Thank you for agreeing to participate in this study. The information you
provided will only be used as data in the research study. No student identification information
will be used, and the data will be reported as truthfully as possible. The goal of this
semistructured interview is to obtain data that describes your observations and perceptions of the
impact of educational robotics on the development of computational thinking on third and fourth

grade students.
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Appendix E: Letter to Robotics Instructor
Date: , 2023

Dear

| am a doctoral student in educational leadership with a focus on emerging technology at
Abilene Christian University, located in Abilene, Texas. | am conducting my dissertation
research under the direction of Program Director Dr. Karen Maxwell, Dissertation Manager Dr.
Dana McMichael, and dissertation chair Dr. Christie Bledsoe. My doctoral dissertation will
explore the impact of educational robotics and computational thinking on elementary school
students. The goal of the study is to explore computational thinking through instructors’
interpreted experiences or educational robotics activity. The qualitative study will be using
deductive thematic analysis. A coding system will be used to identify the collected data to
preserve the confidentiality of all of the participants. Participants may discontinue participation
in this study at any time. There will be no identifying information about the district, school, or
students in the study’s findings. At the conclusion of the study, results will be made available to
you.

If you have questions or concerns about this study, please contact Sonia Jordan at xxx-
XXX-XXXX, XXxX@acu.edu; Dr. Dana McMichael at xxxx@acu.edu, or Dr. Christie Bledsoe,
dissertations committee chair xxxx@acu.edu.

Sincerely,
Sonia Jordan
If you are willing to participate in this study, please follow the link below.

I will participate in the study. (Link to Appendix E)
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