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ABSTRACT

This basic qualitative study examined elementary general education teachers’ perceptions
and experiences related to integrating computer science into their curriculum. It explored the
factors shaping those perceptions and analyzed how teachers’ attitudes and experiences
contributed to their sensemaking.

Three specific questions guided this inquiry:

1. How do elementary teachers understand and experience computer science integration

into their general education curriculum?

2. What factors influence teachers’ perceptions of their preparedness for integrating

computer science into the general elementary education curriculum?

3. How do teachers perceive their preparedness for integrating computer science into the

general elementary education curriculum?

The results indicated that through the iterative cycle of sensemaking, teachers interpreted
the initiative through the lens of their prior experiences, refined their understanding through
social interaction, and gradually internalized new learning that strengthened their self-efficacy.
Findings also showed that teachers entered the process from different starting points based on
their experience levels, but as they engaged with new information, they refined their practice and
developed a stronger sense of competence in implementing the change.

This study highlights the importance of designing professional learning that
acknowledges teachers’ varied entry points, provides sufficient time for implementation, and
strengthens their confidence. Future implications for sensemaking suggest the need for
intentional supports that reduce uncertainty, help teachers interpret new initiatives, and build

confidence as they refine their practice.
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CHAPTER I: INTRODUCTION

Overview

Computer science education has become increasingly important over the course of the
last decade (Code.org, CSTA, ECEP Alliance, 2022). While the concept of including it into the
curriculum began in the 1980s with Seymour Papert’s work at the Massachusetts Institute of
Technology, the push for its integration into the curriculum has only now just begun to take hold
(Grove & Pea, 2018). In 2018, the state of Tennessee adopted computer science standards for the
first time for elementary education (TN DOE, 2018). In 2022, the state of Tennessee revamped
those standards and beginning with the 2024 — 2025 school year they require computer science
integration into the general elementary curriculum (TN DOE, 2022). To do this effectively,
schools will need to understand the changes and allow teachers time to make sense of the new
content and how it fits with their current curriculum.

Darling-Hammond (2005) identifies change as a constant in schools and Bryk et al.
(2010) notes that schools are complex institutions comprised of multiple interdependent
subsystems. Policymakers must acknowledge that implementing a change initiative may disrupt
those subsystems and that successful implementation efforts necessitate preparation, time, and
knowledge of local needs (Fullan & Mundial, 1989). According to Chenoweth (2022) that
“Schools improve as the result of people working together cooperatively over extended periods
of time” (p. 45). Implementing change may also hinge upon teachers working collaboratively
with one another to foster understanding and influence collective teacher buy-in. Empowering
educators with knowledge and tools ensure that new subjects are effectively implemented in

classrooms (El-Hamamsy et al., 2020; Oldham, 2021).



When implementing reforms, teachers face substantial intellectual demands, especially
when the reforms are mandated (Fink & Stoll, 2005; Hargreaves, 2005). Thus, sensemaking, an
iterative process of interpreting and constructing meaning from ambiguous or unclear situations,
like those created by mandated reforms, is a key facet of implementing an initiative (Klein et al.,
2007; Mills et al., 2010). In schools, sensemaking is triggered by change and impacted by social
interactions, communication, professional growth, and past knowledge (Spillane, 2000; Coburn,
2005; Weick et al., 2005; Luttenberg et al., 2013). Teachers build their understanding of a
change initiative by acquiring new subject knowledge, integrating new policies into existing
frameworks, and refining their understanding through interactions with coworkers, external
actors, and school administrators (Coburn, 2005; Pirolli, 2011; Soini et al., 2017). Engaging in
the sensemaking process helps teachers make the abstract more concrete through interpretation
of new stimuli through personal and social input (Dervin et al., 2008; Mills et al., 2010; Pirolli,
2011; Acona, 2012).

How educators make sense of change has a significant influence on how it is
implemented (Stollman et al., 2020). As elementary general education teachers begin to integrate
computer science into the curriculum, there will be many factors that influence their
sensemaking and their capacity for integrating computer science into the general education
curriculum.

Study Context

The goal of this study is to identify how teachers understand and perceive their

preparedness for integrating computer science into the elementary general education curriculum

and the factors that influence these perceptions.



The research will take place in the Spring semester of the 2024-2025 school year at a
large, urban school system in Tennessee. The system serves over 30,000 elementary school
students throughout the district and is made up of more than 70 elementary schools being taught
by 2,800 teachers. Until the state mandated the inclusion of computer science into the elementary
curriculum, the decision to offer the subject was determined by each school principal as part of
their related arts rotation. Only 30% of elementary schools in the district included a dedicated
computer science teacher in that rotation. After the state legislature mandated computer science
for the elementary curriculum, the system required all elementary schools to create a team of
Integration Engineers to attend a one-day train-the-trainer professional development workshop
called Policy to Practice Training (P2P), to serve their individual schools as Integration
Engineers to focus on integrating computer science into the general education curriculum. The
Integration Engineers were charged with offering training throughout the 2023-2024 school year
to prepare teachers for integration starting in Fall 2024.

Statement of the Problem

Significant progress has been achieved in incorporating computer science instruction into
K-12 public education since Seymour Papert first introduced the idea in the 1980s (Grover &
Pea, 2018; Code.org et al., 2022). Thanks to the advocacy efforts of numerous computer science
organizations and Silicon Valley, there is growing recognition of the importance of
implementing computer science at all K-12 levels (Code.org, 2019; Code.org, CSTA, ECEP
Alliance, 2022). Many state legislatures have passed requirements for computer science
education beginning in elementary school. However, a shortage of computer science teachers
presents a challenge (Mason & Rich, 2019). Like many states, Tennessee hoped that graduates

with computer science degrees would be interested in the field of teaching; however teaching



salaries struggle to compete with high-paying computer science positions. The average salary for
computing jobs in Tennessee is $90,354 compared to $58,000 for an average teaching salary
(Code.org, 2024a; Wegner, 2024). It is easy to see why those with a computer science degree
would pursue opportunities other than teaching. Therefore, the responsibility for integrating
computer science into elementary education will primarily fall on in-service teachers who often
lack content knowledge for this subject. To implement this effectively, K-12 teachers need to
understand their capacity to undertake this change initiative.

Teachers may be accustomed to the constant change in education, but it is not without its
difficulties (Darling-Hammond, 2005; Hargreaves et al., 2007). Implementing change gradually,
encouraging teacher support and buy-in, and making sure teachers have access to ongoing
professional development are not easily done and require additional resources and planning to do
it with fidelity (Hall, 1992; Ertmer, 1999; Coburn, 2005; Darling-Hammond, 2005; El-Hamamsy
et al., 2020). The difficulty of scaling the change is another factor. There is often a tense and
unpredictable relationship between policy and practice that further complicates bringing the
change to scale (Elmore, 2016). Local issues also impact implementation, which can vary from
class to class, making large-scale change difficult because there is no one-size-fits-all solution
(Fullan & Mundial, 1989; Hall, 1992). Implementation includes policymakers depending on
other interested parties and independent trainers to interpret the policy messaging, which can
weaken or dilute the change’s objective and leave each school with a distinct interpretation that
may or may not be consistent with the policy’s intent (Coburn, 2005). There is also the belief
that there are too many standards and topics to be covered in school and adding computer science
1s not an essential for elementary school (Marzano, 2003). Challenges exist with teacher buy-in

as well. In particular, teachers need to be committed and motivated to implement the changes



and believe there is merit to doing so (Haney et al., 2002; Lee & Min, 2017; Macy & Wheeler,
2021; Grebing et al., 2023). This is a big hurdle, particularly because their sense of self-efficacy
regarding computer science is important to their motivation to implement the change (Lee &
Min, 2017). Finally, teachers will navigate their way through the sensemaking process, coming
to an understanding about the change initiative. Besides the initiative itself, external factors will
influence teachers’ thinking along with their pre-existing knowledge and professional
development experiences related to computer science (Pirolli, 2011; Ancona, 2012). The
combination of these elements will shape teachers’ sensemaking about their capacity for
integrating computer science into the general education curriculum.
Purpose of Study

Implementing change in education can be difficult for many reasons. Research on change
initiatives has revealed that the success of new initiatives depends on the ability of educators to
gain knowledge, try new things, and adapt concepts to their classrooms (Darling-Hammond,
2005). Curriculum changes necessitate fresh learning for the teachers who will carry them out
(Pietarinen et al., 2019). However, there are limited opportunities for teachers to learn more
about the content they will implement (Cohen & Ball, 1999). Sensemaking begins when people
feel conflicted about the execution of a new change (Lowell et al., 2024). Teachers draw on
personal and social resources in the process of sensemaking (Allen, 2023). According to
Siciliano et al. (2017), the process by which educators interpret reforms and their ability to
implement it is not given enough consideration.

Therefore, the purpose of this qualitative study is to explore the perceptions and
experiences of elementary general education teachers regarding their capacity to integrate

computer science into their curriculum. The study aims to investigate how teachers make sense



of a new curricular initiative — in this case, computer science integration — what factors influence
that sensemaking, and how sensemaking impacts their assessment of their own preparedness to
carry out a change initiative. The findings will offer potential insights to support the integration
and implementation of computer science curriculum in primary grades as well as implementation
and sustainment of other elementary teacher preparation and professional development
endeavors.
Significance of the Study

The effectiveness of change initiatives depends upon how well teachers understand the
purpose of the change, commit to making it, and develop the skills necessary for successful
implementation (Fullan, 1989). This requires teachers to tie the concrete and abstract together
through the sensemaking process (Weick et al., 2005). Teachers do this through an iterative
process that includes their internal understanding of the change based upon their prior knowledge
and professional development experiences and their external understanding that comes from the
policy, standards, messages, and guidance they receive (Spillane et al., 2002). Teachers are often
intimidated by computer science, and there is a lack of information available to guide elementary
school teacher preparation for integration into the general education curriculum (EI-Hamamsy et
al., 2020; Hutchison et al., 2021; Mason & Rich, 2021; Oldham, 2021). Therefore, more research
is required to understand how teachers interpret and make sense of reforms and their capacity to
implement them.

This study examines how teachers prepare for and understand the integration of computer
science into the general education curriculum, perceptions of their preparedness for
implementation, and the factors that influence their perceptions. The open-ended interviews will

provide insight into how teachers make sense of a reform initiative for a subject matter with



which they are not familiar. Implications of this study may be adding to current research about
the kinds of activities and supports that work best for teachers learning to integrate a new subject
matter.
Theoretical Framework
The theoretical framework for this study is grounded in sensemaking theory, which

explores the interaction between action and interpretation (Weick et al., 2005). Like Spillane et
al. (2002), I will focus on the study of sensemaking in regard to reform initiatives. According to
Weick (1995), people need to identify a relationship between two different facts or experiences
to understand a change and give it meaning; without which neither element has any significance.
Spillane et al. (2002), outline a framework that acknowledges three key elements in
implementation: 1) individual and social context, 2) situational influences, and 3) policy
influences. These elements will guide my inquiry as I investigate the relationships between
teachers knowledge and external influences as they relate to new change policy to be
implemented.
Research Questions

This study will consider the introduction of a change initiative into the curriculum and
explore individual teacher’s understanding of the policy regarding integration. I will investigate
the prior knowledge and professional learning teachers had at the time they encountered the
change. Finally, I will consider the impact of the external influences that supported and guided
teachers in their sensemaking toward their capacity to implement the integration of computer
science into their elementary, general education curriculum. The following research questions

serve as the drivers of this study:



RQ1: How do elementary teachers understand and experience computer science integration

into their general education curriculum?

RQ2: What factors influence teachers’ perceptions of their preparedness for integrating

computer science into the general elementary education curriculum?

RQ3: How do teachers perceive their preparedness for integrating computer science into the

general elementary education curriculum?
Summary

The society in which we live is fast-paced and constantly changing. Today’s educators
are often asked to adapt and make changes to their curriculum (Darling-Hammond, 2005). One
such change that has taken root in education priorities in many states, including Tennessee, is the
inclusion of computer science in the curriculum. However, this change is complex and not
without its challenges. Preparing to implement these changes will necessitate the need for careful
planning, collaboration, and examination of the needs of each school community (Fullan &
Mundial, 1989). Among those needs are qualified teachers for computer science. With teacher
shortages around the country, finding those qualified teachers is much harder and calls for more
feasible solutions for implementation (Mason & Rich, 2021; Vegas et al., 2021). At the
elementary level, it will be the responsibility of general education teachers to integrate computer
science into their regular lesson plans (El-Hamamsy et al., 2020; Oldham, 2021). To do so
effectively, teachers will have to make sense of the policy change and acquire new knowledge.
While the process is often overlooked, it is important that we understand how teachers

make sense of change initiatives that they are expected to implement within their classrooms
(Siciliano, 2017). This study will examine the ways in which teachers at a large, urban school

system make sense of a change initiative and the factors that influence their understanding. It



relies on a theoretical framework in sensemaking that examines internal and external influences
that impact understanding a change policy. Addressing the complexity of implementing change
by shining a light on teacher sensemaking will provide insight into the support and training

necessary to ensure teacher preparedness in the future.
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CHAPTER II: REVIEW OF LITERATURE
Introduction

Significant advances have been made to integrate computer science education into K-12
public education (Code.org et al., 2022). These changes will require that in-service teachers have
a better understanding of computer science which means professional development initiatives
should equip teachers with the skills and confidence needed to do this effectively (Dorotea et al.,
2021). This review of the literature will discuss what computer science is, implementation of
change initiatives, and how sensemaking takes place in education.

What is Computer Science?

It is critical to understand what computer science is and is not to successfully integrate it
into the curriculum. Early definitions are too broad, simplifying computer science to “...the
study of computers and all the phenomena associated with them...” (Grover, 2020, p. xiv). The
definition of computer science evolved to be synonymous with programming, or coding, as a
result of Code.org’s early advocacy for its inclusion in all subject areas (Oldham, 2021).
Rapaport (2017) reviewed multiple definitions for computer science which ranged from it being
the study of computation, to “...a natural science that studies procedures” (p.73), to the study of
computational thinking, and several other iterations in between; ultimately concluding that there
1s no one way to define computer science. According to Oldham (2021), there is more consensus
on what computer science is not than what it is.

It is generally acknowledged that fundamental computer skills like typing, word
processing, presentation software, and spreadsheets are not the same as computer science (Fluck
et al., 2016; Oldham, 2021; Wohl et al., 2017). These are the kinds of skills that are typically

taught as part of the information and communication technologies (ICT) curriculum, commonly
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known as computing but differs significantly from computer science (Fluck et al., 2016).
Computer science is its own distinct subject made up of related areas (Tucker, 2003). Decisions
about computer science curriculum are determined by the states based upon their needs and will
often overlap with information technology, math, computational thinking, science, literacy, and
digital citizenship (Oldham, 2021). Understanding computing-related ideas improves the
understanding of information systems, how technology functions, and problem-solving
techniques (Dorotea et al., 2021). One of the ultimate goals of computer science is to move
students from being consumers of technology to being creators of it (Funke et al., 2016; Oldham,
2021). To do so, a steering committee composed of computer science professionals, states, and
school districts created a framework that local governments can use as a guide when creating
computer science standards that align with their prioritized needs. The K-12 Computer Science
Framework (2016) contains five essential elements: computing systems, networks and the
internet, data and analysis, algorithms and programming, and impacts of computing (Alano et al.,
2016; Mason & Rich, 2019; Smith & Workman Publishing, 2020). When considering what
computer science is not, as well as the overlapping objectives and curricula, agreement can
emerge around the following definition of computer science: “Computer science refers to the
study of computers and algorithmic processes, including their principles, their hardware and
software designs, their applications, and their impact on society” (Wilson et al., 2010, p. 10).
Knowing what computer science encompasses is crucial to determining what knowledge teachers
need to possess in order to teach it.
Computer Science in K-12 Education

As early as 1971, the use of computers as teaching tools was taking place in high schools

around the country. Students were developing programs that simulated moon landings, enhanced
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daily school record keeping, and monitoring athletic teams to improve their performance against
opponents (UPI, 1971). In 1978, Apple partnered with the Minnesota Education Computing
Consortium to place 5,000 computers in schools throughout the state, and launched Apple on its
path toward the goal of installing their computers in every elementary and high school in the
country (Buck, 2017). Initially, computers were largely seen as a tool for instruction (UPI, 1971).
However, Steve Jobs believed that every student should have access to computers and Apple
started the Kids Can’t Wait program which managed to get computers into every Californian
school with more than 100 students (Buck, 2017).

About the same time that Jobs and Apple computer were expanding their reach into
schools, Seymour Papert was creating Logo, one of the earliest programming languages designed
for children (Bers, 2008). At its foundation Logo was more than a language, it also provided a
powerful environment to think about learning (Solomon, 2020). In his seminal work, Mindstorms
(1980), Papert articulated two primary themes, “that children can learn to use computers in a
masterful way, and that learning to use computers can change the way they learn everything
else” (Papert, 1993, p. 8). This is a first glimpse of the multidisciplinary nature of computer
science. Prior to this writing, Papert had studied alongside Piaget for five years and developed an
alternative theory of constructivism that he called constructionism (Stager, 2016).

Constructionism is both a learning theory and educational strategy that aligns with early
childhood education’s use of manipulatives to engage learning (Bers, 2008). Papert partnered
with LEGO to make the first robotics system for children to program, which they named
Mindstorms (Stager, 2016). Papert emphasized learning in which children created their own
knowledge about the outside world and by using their bodies and other objects available to them

(Ames, 2018). Papert’s work ignited the One Laptop per Child initiative that sought to provide
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all children, from Maine to Australia, with access to laptop computers which contributed to his
being called the Father of Educational Computing (Stager, 2016).

With Adventures in Supercomputing, a K-12 program designed to encourage
underrepresented students and their teachers toward science, math, and computing, a greater
emphasis was placed on computing education in the late 20" century (Oliver et al., 1993). These
efforts, through the Department of Energy, were directed at school reform that included
integrating more technology and science into the curriculum in an attempt to address the future
success of those industries in the United States. The President’s Committee of Advisors on
Science and Technology (PACST) formed the Panel on Educational Technology to advise the
President on strengthening K-12 education through the application of technology (Shaw, et al.,
1998). The Panel concluded that increasing funding for educational technology research and
equipment deployment to the nation’s schools should be a priority. Also, during this time period,
the internet became available to the general public and K-12 schools. Microsoft provided a
variety of resources to schools through their Microsoft Focus on K-12 initiative that included
lesson plans, activities, and additional information for integrating technology into the classroom
(PR Newswire, 1995). Schools saw a considerable rise in the frequency of computer use in the
classroom. Student-to-computer ratios decreased significantly, with the exception of Title 1
schools, where the ratio was three time greater than non-Title 1 schools(Swain & Pearson, 2003).

Moving into the 21% century, a report was released by the Department of Commerce
finding that people with lower incomes, less education, the elderly, and people living in both
urban and rural areas had less access to the internet (Lentz, 2000). There was a great deal of
concern about the digital divide and its impact on student achievement. Historically a slow-

changing industry, education saw significant transformation, in the early part of the new century,
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to keep up with the nation’s general increase in internet use (Huang & Russell 2006). Disparities
persisted between socioeconomic groups in relation to internet access and computer access with
those students from lower incomes having less access and older equipment than their wealthier
counterparts (Swain & Pearson, 2003). These disparities still exist today, but they are shrinking
(Schiel, 2024).

A full thirty years after Steve Jobs failed at lobbying Congress to change the tax laws so
that Apple could donate computers to all 100,000 schools in the country, high tech business
leaders banded together in a reinvention of Jobs efforts to bring this change to scale (Buck, 2017;
Morel, 2019). In 2013, Code.org joined with other tech leaders to bring computer science to
every public school in the United States (Wilson, 2013). They made equity and access one of the
core values of their work (Code.org, 2023). Lending a powerful endorsement to Code.org and its
backers was then-President Obama who declared computer science to be just as important for all
K-12 students as reading, writing, and math (Oldham, 2021). In 2016, in order to increase the
number of students receiving computer science education in grades K-12, he started the
Computer Science for All initiative (Lodi, 2020). Today, Code.org has developed a broad
coalition for computer science advocacy and has worked with legislators across the country to
adopt policies that support computer science education (Code.org, 2022).

There is growing recognition that computer science education is a crucial component of
K-12 education. In a Google/Gallup poll (2016) half of all teachers and two-thirds of parent
responders identified computer science as important as other core subjects and anticipate its
inclusion into the curriculum will continue to grow in the future (Ozturk, et al., 2018). Over the

last 50 years, the United States has seen the birth of computer science as a discipline. From early
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efforts using computer technology in high schools to the adoption of state standards for our
youngest learners.

Detractors argue that schools should concentrate primarily on implementing the most
essential elements of education (Schmoker, 2018). Concerns have been raised that the focus on
skills has diminished foundational knowledge and the elementary school curriculum, which
ought to emphasize the strong connection between knowledge and critical thinking
(Christodoulou, 2014; Hirsch, 2017; Schmoker, 2018). They articulate how these practices widen
the achievement gap for disadvantaged students (Hirsch, 2017; Schmoker 2018). Additionally,
they acknowledge that technology has made a significant impact on the world, changing the way
that we live but that we are educating children for a world that we cannot yet imagine (Wiliam,
2018).

A balanced approach to education can incorporate both traditional skills and the growing
importance of computer science, while also addressing the critical issue of diversity (Franklin,
2020). The K-12 Computer Science Framework (2016) was designed to lend itself to a wide
range of implementation options and computer science has a multi-disciplinary foundation that
can enhance critical thinking (Berry, 2013; Ronan & Williams, 2024). Schmoker (2018) admits
that it is also necessary that we prepare students for college, career, and citizenship as part of
their education. While valid observations have been made that one of our challenges lies in our
limited ability to accurately predict the jobs that will be in demand in the future, we know that
many current and future jobs will employ the critical thinking and problem-solving skills
inherent in computer science instruction and are deemed necessary by scholars (Christodoulou,
2014; Schmoker, 2018; Wiliam, 2018; Franklin, 2020; Ronan & Williams, 2024). Additionally,

early computer science education tackles educational disparities and research shows that students



16

who study computer science do better in other subjects (Santo et al., 2019; Code.org, 2024).
Hirsch (2017) also reminds us that there is no one age where a topic is appropriate and that the
state of their relevant knowledge is what determines when they should learn something. Children
are already surrounded by the concepts and knowledge that are the foundation of computer
science, so integrating it into the curriculum is an appropriate choice (Grover, 2020).
Computational Thinking

Much of the curriculum used to teach computer science is centered around the principles
of computational thinking (Angeli et al., 2016; Bers et al., 2023; Falkner & Vivian, 2015; Fluck
et al., 2016; Ozturk et al., 2018; Shine et al., 2021). Seymour Papert (1993) was the first to write
about “computational thinking,” but he offered no definition (Lodi & Martini, 2021). In her
seminal article, Jeannette Wing (2006), defines computer science as, “the study of computation”
(p. 34) and explains computational thinking as “solving problems, designing systems, and
understanding human behavior, by drawing on the concepts fundamental to computer science”
(p. 33). Bers (2012) summarizes computational thinking as, “the range of mental tools, found in
the breadth of the field of computer science, that involve analytical thinking” (p. 69). The
International Society for Technology in Education (ISTE) and the Computer Science Teachers
Association (CSTA) collaborated on a definition that describes computational thinking as a
process used to solve problems which includes the ability to solve problems by using a computer
to logically analyze and represent data, think algorithmically, identify and implement solutions,
and transfer the problem-solving process to a wide variety of other problems (ISTE & CSTA,
2011). ISTE (2023) further identifies computational thinking as, four pillars essential for all
students that include: decomposition, pattern recognition, abstraction, and algorithms. These four

pillars are widely acknowledged as the key elements of computational thinking that form the of
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computer science by academics and producers of computer science education resources, like
Barefoot Computing and Code.org (ISTE, 2023; Ma et al., 2022; & Rana, et al., 2022).

According to Wing (2006) computational thinking is an essential skill that should be
added to every child’s analytical repertoire. It is a problem-solving skillset with universal
applicability that allows children to think in logical ways to solve problems (Bers, 2022). By
examining each of the four pillars, it is easy to understand why Wing (2006) believed that it
needs to be a skillset embraced by all. The word algorithm has become used quite frequently
when discussing social media and how one’s news feed is populated. It is a term that people use
to explain why they are not seeing what they would like to on social media or why they are not
being promoted to others. While widely used, not everyone understands what an algorithm is. An
algorithm is, quite simply, a set of rules or instructions that follow a specific sequence (Barefoot,
n.d.). All computer coding is an algorithm. Children are used to algorithms, they practice them
regularly in school from the order of their day to classroom protocols, to solving mathematical
equations. Teachers use algorithmic concepts in lesson planning. One of the earliest
mathematical concepts taught is patterns. According to Code.org (n.d.), a pattern is, “A theme
that is repeated many times.” Young children’s books also include repeating patterns and
identifying patterns is needed for data analysis and coding. Patterns are the building blocks of
creating loops in coding, students need to understand patterns in order to understand loops.
Teachers look for patterns in student data to determine which concepts require re-teaching and
when to use scaffolding in a lesson. The last two concepts in computational thinking are
abstraction and decomposition. Abstraction helps simplify problems by identifying the elements
critical to the problem itself (ISTE, n.d.). Computer scientists use abstraction to identify

necessary details and manage information (Barefoot, n.d.). Students use abstraction when they
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create graphic organizers, identify themes in a story, and solve word problems. Teachers abstract
from the standards when they design a rubric to specify the outcomes that they expect from
student learning. Finally, decomposition is used to break a problem down into smaller, more
manageable parts (Code.org, n.d.). The design process used by computer scientists, engineers,
and project managers is an example of decomposition (Barefoot, n.d.). When studying money,
students break down monetary values into smaller ones to determine which coins to utilize to get
the desired amount. The aforementioned scaffolding is an example of decomposition that a
teacher might use to make something more easily understandable for students.

Jeannette Wing (2006), stated that computational thinking is, “A way that humans, not
computers think” (p. 35) and is the way in which we solve problems. While this way of thinking
is a cornerstone of computer science, computational thinking is also used in multidisciplinary
ways (Berry, 2013). While computational thinking is employed throughout the curriculum, that
does not mean it is easily transferred and therefore does not require direct instruction. Lodi &
Martini (2021) clarify that while computational thinking does have a transversal role with other
subject areas, that it should not be sidelined to those areas. They offer the example of math,
physics, and chemistry. Math is of critical importance to both subjects, but we do not leave the
instruction of math solely in the context physics and chemistry, it has its own place in the
curriculum. The same is true for computational thinking. Lodi and Martini (2021) specified that
“CT must be understood in its proper context, which is that of CS [computer science]”.
Computer Science Framework

In today’s world, computers and related technologies are commonplace. Because
computing is so ubiquitous, it has profoundly changed how most professions do their work and

how many people live their personal lives. The global economy has changed due to computer,
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necessitating the demand for a workforce with STEM-related skills and education (Oda et al.,
2021). Over 500,000 computer jobs are available in the United States, spanning all industries,
and growth is predicted to continue (Code.org, n.d.). Almost half of the 7 million Americans who
work in fields unrelated to STEM use computers for their professions (K-12 Computer Science
Framework, 2016). Tennessee presently has 5,779 open computing jobs with an average salary
0f $90,354 (Code.org, 2023a). It is easy to see why the demand for a workforce skilled in
computing is needed. However, computer science is not included in compulsory education in the
United States as it is in many other countries around the world (Oda et al., 2021).

Global education systems are under increased pressure to incorporate computer science
into their curricula due to the demands of the future workforce (Conde-Zhingre et al., 2023). At
present, only 53% of all high schools in the United States teach computer science, despite having
93% of parents wanting it taught in school (Code.org, 2023a). Additionally, computer science is
one of the most popular courses offered in school, ranking third after visual and performing arts
(Code.org, n.d.). Students can use computer science as a tool for study and expression, becoming
active members of society that are not just consumers of technology but also creators (K-12
Computer Science Framework, 2016; Yang et al., 2020; Conde-Zhingre et al., 2023). Curriculum
reform efforts are needed for the inclusion of computer science beginning with the elementary
level (Oda et al., 2021). Early involvement in computer science dispels misconceptions about
who belongs in the field and enables students to become fluent across many years (K-12
Computer Science Framework, 2016).

Several organizations came together to form the K-12 Computer Science Framework
Steering Committee to promote the incorporation of computer science into schools by laying the

foundation for K-12 computer science courses (K-12 Computer Science Framework, 2016;
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Conde-Zhingre et al., 2023). The framework provides guidelines to be used in developing
standards and curriculum (Yang et al., 2020). Rather than representing abstract, broad ideas, the
framework focuses on five core concepts that represent particular areas of disciplinary
importance (Conde-Zhingre et al., 2023). The core concepts are:

1. Computing Systems

2. Networks and the Internet

3. Data and Analysis

4. Algorithms and Programming

5. Impacts of Computing

The framework also identifies several practices that students who are proficient in
computer science take to fully interact with the fundamental ideas of the field (K-12 Computer
Science Framework, 2016). The seven practices include:

1. Fostering an Inclusive Computing Culture

2. Collaborating Around Computing

3. Recognizing and Defining Computational Problems

4. Developing and Using Abstractions

5. Creating Computational Artifacts

6. Testing and Refining Computational Artifacts

7. Communicating About Computing
The core of computer science practices is computational thinking, which is outlined in practices
3-6 (K-12 Computer Science Framework, 2016).

The framework specifies the knowledge and skills that students must possess by the

conclusion of the second, fifth, eighth, and twelfth grades (Conde-Zhingre et al., 2023). It is



21

intended to provide a starting point for the development of computer science education standards
for K-12 students by all states, districts, and organizations (K-12 Computer Science Framework,
2016). Additionally, the framework offers guidance for developing standards in the local context.
These competencies are regarded as essential for 21% century education because they equip
students to take on the possibilities and challenges of both the present and the future (Conde-
Zhingre et al., 2023).
Technology Integration

When one is aware of the history of computers in education, it is easy to comprehend
why there is confusion between computer science and technology integration. Originally, the
goal of Steve Jobs and others was to get computers into the hands of children, computer science
was not considered separate from integration in K-12 schools at the time. Additionally, there was
not an abundance of computers in the classrooms like there is today, so teaching with computers
was not a priority. However, that began to change in the early 2000’s with the No Child Left
Behind (NCLB) Act of 2001 which added the Enhancing Teaching Through Technology (ETTT)
initiative (Lowther et al., 2008). Billons of dollars has been invested by the United States
government in school technology infrastructure (Liu et al., 2016).

In the modern world, providing technology to students is essential (Delgado, 2015). The
NCLB program and its offshoot, the ETTT initiative, provided states with the resources to
expand those efforts from elementary to high school (Ross, 2020). More students have access to
computers in the country’s classrooms thanks to the push for 1:1 devices, which is the ratio of
digital devices to students (Delgado, 2015; Inan & Lowther, 2010). A 1:1 student-to-device ratio
has been linked to improved teaching, higher student achievement, and greater student

engagement (Liu et al., 2016; Inan & Lowther, 2010). Having access to computers has made it
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easier to finish schoolwork, find material for projects and interact with peers and teachers in an
effective way (Ross, 2020). In short, incorporating instructional technology into the classroom
opens up new possibilities for achieving the desired learning goals (Consoli et al., 2023).

One of the most important areas of educational technology research in recent decades has
been the integration of technology into the classroom (Consoli et al., 2023). The main motivation
behind integrating technology into K-12 education is to prepare students for the workforce and
enhance their knowledge and abilities (Lowther et al., 2008). Technology integration, also
commonly referred to as information and communication technology (ICT), is the general
application of technology that distinguishes itself from computer science (Fluck et al., 2016). It
is also not uncommon to see ICT and computer science taught in tandem, particularly since both
make use of computers. Additionally, technology integration has been defined in multiple ways
but does have specific elements that are identifiable in each (Hew et al., 2007). Ultimately,
technology integration is the process of using tools and applications embedded into instructional
practices to support learning across the curriculum (Consoli et al., 2023; Fluck et al., 2016; Hew
et al., 2007).

Coding

There is a widespread misconception that coding and computer science are synonymous
(Wing, 2006; Oda, 2021). Grover (2020) explains that because coding involves both abstract and
concrete elements, computer science and coding are “unique subjects” (p. xvii). Bers (2018),
explains coding as a way to strengthen and engage computational thinking and vice versa,
describing a more symbiotic relationship between the two. Coding is also referred to as a new
type of literacy (Bers, 2018; Jacob & Warschauer, 2018; Woo & Falloon, 2023). However, the

Computer Science Framework includes programming, which is a term often used
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interchangeably with coding, as a core concept (K-12 Computer Science Framework, 2016).
Since the framework is a standard bearer for most computer science study, it is reasonable to
state that computer science is an umbrella term under which several elements, including coding,
exist.

Computer Science Standards

Tennessee State Standards

As previously stated, there is growing recognition that computer science education is a
critical component of K-12 education, but elementary education has been slow to launch its
implementation into the curriculum (Ozturk et al., 2018). The K-12 Computer Science
Framework Steering Committee (2016) created guidelines for teaching computer science
intended to be used by policymakers at the state and/or district level, curriculum developers,
teachers, and other supporting organizations. The framers purposely left it open for modifications
to the local context.

In 2018, the state of Tennessee adopted the Digital Readiness, K-8 Computer Science
Standards, in a first attempt to address the requirement that students acquire digital skills and lay
the groundwork for future development. The standards focused on six major strands for
comprehensive digital readiness to be included into the curriculum at each grade level. It was the
first time the state prioritized an emphasis on computer science instruction in the elementary
school classroom. They did not, however, create a pathway for an endorsement in computer
science for educators at that level. In 2022, the state revisited the standards and amended them as
Computer Science, Tennessee K-12 Computer Science State Standards, restructuring the
standards specific to each grade level and reorganizing the original six strands into six core

concepts while eliminating several standards at each elementary grade level. Additionally, they
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have required that all schools begin integrating the standards into their core content curriculum
beginning in the 2024-2025 school year. The intent for these standards is for all students to have
access to computer science education and for computer science to become an essential
component of K-12 education.

Alignment to General Curriculum

There are three general approaches to implementing computer science education: (a)
independent subject, (b) integrated into existing subjects, (¢) computer science based curriculum
with a cross-curricular emphasis (Oda et al., 2021). Most operate inside a framework that
establishes a conceptual basis for computer science (Webb et al., 2017; Yang et al., 2020; Kwon
et al., 2021). Appropriately trained teachers are critical to successful curriculum integration but
there is a shortage of qualified teachers available to teach computer science (Webb et al., 2017;
Mason & Rich, 2021; Vegas et al., 2021). Integration will become part of the in-service teacher’s
already demanding role of delivering content, particularly in elementary education (El-Hamamsy
et al., 2020; Oldham, 2021). This essentially leaves teaching computer science through existing
subjects the best option for most elementary classrooms.

Due to the overloaded elementary school curriculum, teaching computer science by grade
level teachers becomes increasingly challenging (Davis, 2019; Novak & Khan, 2022). Schmoker
(2018) promotes a streamlined educational approach removing initiatives that do not place an
emphasis on reading and writing standards. He discusses Conley’s four habits of mind, which
form the cornerstone of student learning across all subject areas:

1. Read to infer/interpret/draw conclusions.

2. Support arguments with evidence.

3. Resolve conflicting views encountered in source documents.
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4. Solve complex problems with no obvious answer.

However, through integration, elementary school teachers can take advantage of the significant
overlap between computational thinking and other subject areas (Waterman et al., 2020).
Computer science, with its core concepts stemming from computational thinking and its focus on
problem-solving lends itself well to several content areas, including literacy goals. Additionally,
incorporating computer science concepts into math, English language arts (ELA), science, and
social studies is a strategy that can be used without adding to the general curriculum (Webb et
al., 2017; Davis, 2019; Novak & Khan, 2022).

When implementing computer science into the existing curriculum, there is no need for a
major overhaul of general education curriculum (Davis, 2019). For example, picture books can
be used to support computer science concepts such as sequencing, which is a critical concept in
reading comprehension. Computational thinking is a foundational component of computer
science, it is essentially the process of problem solving which can be easily incorporated into
science and math practice (Wing, 2006; Waterman, 2019). Pattern Recognition is an example
that transcends most elementary school subject areas such as, math, literacy, science, and social
studies, and can be mapped to the standards for each (Williams, 2021).Teachers can teach
computer science and computational thinking ideas without adding a new subject to the
elementary school curriculum by utilizing the computer science standards and coordinating them
with the general education requirements. Teachers can engage students in problem solving,
customize learning, and make connections between new information and previously learned
concepts by incorporating computer science into the general education curriculum (Webb et al.,

2017).
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Computer Science Pedagogy

Pedagogy, is defined as the ““...method and practice of teaching...” and can be simplified
to ““...the how and why of teaching...” (Muhammad & Hollie, 2012, p. 79). The primary
challenge in relation to computer science, especially in K-12 education, is that there is no
prescribed way in which computer science is taught (Northrup et al., 2022). However, it is
advised that the proposed strategies be age appropriate and realistic for students (Friebroon-
Yesharim & Ben-Ari, 2018). Therefore, determining the most effective and engaging strategies
to include for students and integrating those strategies into the classroom is critical (Ryoo, 2019).
Most learning theories include information on how to organize training to optimize learning for
students which allows teachers to adapt their pedagogy to the content, regardless of their
preferred learning theory (Ertmer & Newby, 2013). However, for integration into the general
curriculum, a pedagogical shift may be needed to teach computer science (Northrup et al., 2022).

In order to effectively teach computer science concepts and practices, teachers need to
give significant thought to the content and the delivery of their instruction (Kandemir et al.,
2020). The Computer Science Framework includes five core concepts of disciplinary
importance: computing systems, networks and the internet, data analysis, algorithms and
programming, and impacts of computing (Conde-Zhingre et al.m 2023). Computer science does
not have one simple definition and is sometimes oversimplified as all things related to using
computers (Grover, 2020; Rapaport, 2017). Teachers agree that computer science is a necessary
component for K-12 curriculum because it permeates all aspects of life and work, although it is
not fully embraced as necessary at the elementary level (Mertala, 2021; Northrup et al., 2022).
Additionally, a large number of today’s elementary school teachers never received any computer

education during their school years (Kim et al., 2022). Research on computer science instruction
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in elementary schools is clearly needed and the success of such instruction is greatly dependent
on the methodology and content knowledge of the teacher (Bjursten et al., 2022).

The best pedagogical practices must also be rooted in how students learn. Computational
thinking, the foundation of computer science, is used for problem-solving (ISTE & CSTA,
2011). The entire process of problem solving requires critical thinking (Orhan, 2022).
Background knowledge is a prerequisite for critical thinking and without it we cannot develop
sound reasoning skills (Willingham, 2021). Therefore, opportunities need to be provided to
foster the development of background knowledge in students.

Teachers assist students in creating knowledge by utilizing both their existing and new
experiences to connect them to learning that is relatable to their everyday lives (Ryoo, 2019;
Alaijlan et al., 2023). As we learned from constructivism, creating meaning from experience is
critical to learning (Ertmer & Newby, 2013). Papert, who is well-known in the field of computer
science education, took constructivism one step further indicating that students construct
knowledge through hands-on, interactive activities, a theory he called constructionism (Resnick,
2017). Willingham (2021) identifies exposure as a simple method for building knowledge,
particularly when it is conceptual and includes extended practice that is spaced out over time.
Taken together these ideas translate to pedagogy through teaching strategies selected for building
knowledge. Two experiential practices that fit into the constructivist/constructionist approach to
teaching, namely unplugged activities and physical computing, are popular techniques for
increasing students’ knowledge for computational thinking and computer science (Mertala, 2020;
Huang & Looi, 2021; Northrup et al., 2022; & Alaijlan et al., 2023). Unplugged activities, a term
created by the Computer Science Unplugged movement, are those activities which do not require

a computer or other machine learning (Huang & Looi, 2021). In contrast to unplugged activities,
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physical computing makes use of tangible objects — like robots — as manipulatives to create
concrete conceptual representations (Mertala, 2020; Williams, 2021). These powerful
pedagogical practices lend themselves well to the teaching and strategies used for developing
computational thinking in computer science, including problem-based learning, scaffolding,
cooperative/collaborative learning, and project-based learning, which are employed to cultivate
the skills necessary to support computer science education (Alaijlan et al., 2023).

Pedagogy is a vital component of effective teaching and needs to be understood to
promote student learning (Kong et al., 2020; Shulman, 1986). Shulman (1986) reminds us that
pedagogy alone is not sufficient in regard to teaching and that it must be coupled with content
knowledge, wherein he developed the term “pedagogical content knowledge” (p. 6). Pedagogical
content knowledge (PCK) includes the comprehensive understanding of both the subject matter
and pedagogy, as well as the ways in which they interact (Bjursten et al., 2022). A greater
comprehension of the content is necessary to teach some computer science concepts, such as
coding. For example, there are implementation strategies, instructional methods, and
instructional techniques that are all part of teaching coding (Kandemir et al., 2020). Curriculum
integration for computer science will fall within the purview of certified teachers (Northrup et al,
2022). Ensuring all teachers have the training and skills necessary to teach computer science is a
key focus for K-12 education (Mertala, 2020). Credentialed teachers must possess the
pedagogical content knowledge required to teach computer science effectively; good
professional development programs are essential because they will act as the liaison between the

standards and implementation (Kong et al., 2020).
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Change Initiatives in K-12 Education

Educational systems are often changing to meet new requirements and reforms put in
place by policymakers to hold teachers and schools accountable for student learning (Darling-
Hammond, 2005). Changes are often initiated in a top-down manner from state legislatures or
district leadership ultimately to teachers who will carry out the new initiative (Beycioglu &
Kondacki, 2021). There is an assumption by those who mandate these changes that they will also
alter teaching practices and lead to positive changes in student learning (Elmore, 1995;
Hargreaves et al., 2007). However, change initiatives are not this simplistic, and involve
understanding the implementation process, cultivating teacher buy-in, and professional
development for effective implementation.
Implementing Change

Darling-Hammond (2005) states, “Change is a constant for educational systems” (p. 362).
Education has undergone numerous changes over the past fifty years, making it a commonplace
aspect of teachers’ jobs (Hargreaves et al., 2007). Sometimes changes are small and do not
require a great deal of effort to implement, while others are more involved, requiring a greater
commitment of time and resources. For instance, though they are very simple to adopt and do not
require retraining teachers in their practices, structure modifications - like altering the schedule -
are seen to have great symbolic value because they communicate a serious message about change
(Elmore, 1995). Other changes are more complex using change agents to assist teachers in
enhancing their practice by helping them improve instruction (Cohen & Ball, 1999).
Implementing change of practice takes time, therefore anyone concerned about effectiveness of
policy initiatives must have a thorough understanding of how change occurs in education (Hall,

1992).
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In order for teachers to be successful with new teaching methods, policymakers must
recognize that the process of change necessitates time and opportunity for teachers to understand
the content in a way that enables them to structure and rebuild their practice through in-depth
research and experimentation (Darling-Hammond, 2005). Effective implementation is not
spontaneous, it demands careful planning and a conceptually robust vision that is
organizationally feasible and sensitive to local needs (Fullan & Mundial, 1989). Research
indicates that it takes more than two years for an educational innovation to result in the practical
or instructional changes that a program is designed to address (Boyd et al., 2009; Brouwer &
Kourthagen, 2005; Glazerman et al., 2010; Lee & Min, 2017). Rather than considering the role
of teachers as clear-cut and uncomplicated, policymakers need to acknowledge the complexity of
classroom conditions that need to be accounted for during the implementation process (Hall,
1992). Therefore, careful planning that accounts for a considerable amount of time for
implementation, continuous support for local actors, and addressing ground-level obstacles is
necessary for the successful execution of a change initiative.

Change is usually intended to improve instruction and learning (Elmore, 1995). However,
change is frequently perceived as a top-down mandate, with legislators forcing changes on
schools that seem more like directives from above while ignoring the autonomy required to carry
them out (Beycioglu & Kondakci, 2021). Some assume that change itself automatically produces
improvements in teaching and learning (Elmore, 1995). However, implementation is not an
event, but a process that occurs gradually over time and across systems (Coburn, 2005).
Although the top-down approach may have value in kickstarting change, change should evolve
during the implementation process (Fullan & Mundial, 1989). Making a paradigm shift helps

policymakers focus on building capacity that empowers schools and teachers rather than
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establishing controls to direct the system (Darling-Hammond, 2005). Policy decisions and top-
down approaches may initiate a needed change but for it to lead to instructional improvement,
there needs to be ongoing support for implementation (Fullan & Mundial, 1989; Hall, 1992).

Since they will be leading the charge in implementing new curriculum and teaching
methods, teachers must be motivated and thoroughly understand the change initiative in order for
it to succeed (Turnbull, 2002; Lee & Min, 2017). Because different teachers will have varying
degrees of experience, it is counterproductive to the implementation process to presume that they
will all perceive the change in the same manner, which makes support even more crucial (Hall,
1992). By being aware of this, policymakers can concentrate on capacity-building initiatives
aimed at increasing the ability of administrators, teachers, and schools to perform duties they
have never previously been asked to perform (Darling-Hammond, 2005). Policymakers do not
normally have the necessary background for conducting these initiatives themselves, therefore
they will need to rely on independent professional development providers, universities, and other
experts, to translate policy messages for school districts, administrators, and in-service teachers
(Coburn, 2005). Being on the frontline of implementation makes empowering teachers and
teacher buy-in critical to the success of the change process (Ertmer, 1999; Darling-Hammond,
2005).
Teacher Buy-in

Students learn more when they are taught by educators who are dedicated to every
student learning through clear curricular intentions (DuFour, 2007). In order to do this
successfully teachers charged with the responsibility of implementing curriculum need a sense of
ownership, or buy-in. Buy-in is “the extent to which individuals believe in and actively support

interventions” (Grebing et al., 2023, p. 1). When buy-in is created, there is a greater sense of
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ownership because it helps educators create meaning in their work (Bas et al., 2019). For
example, Schmoker (2018) identifies the success of Brockton High School’s metamorphosis of
being the lowest achieving high school in Massachusetts to one of the top 10 percent in the state,
to its faculty. The faculty was embarrassed by students’ MCAS scores and came together to
support their social studies department chair, Susan Szachowicz, who had a plan to raise
achievement levels (Schmoker, 2018). While Szachowicz later went on to become the principal
of Brockton High School, she was a teacher leader first who was able to garner support and
collective buy-in from colleagues giving teachers a renewed ownership of the curriculum leading
to increased student achievement. Collective buy-in from educators is an even stronger predictor
of successful implementation of curriculum (Grebing et al., 2023).

There are several characteristics that factor into teacher buy-in. Those characteristics
include individual beliefs, motivation, self-efficacy, and commitment to action (Haney et al.,
2002; Lee & Min, 2017; Macy & Wheeler & Wheeler, 2021; Grebing et al., 2023). For a
program to be implemented successfully, teachers must be convinced of its worth and the
significance of the effort being carried out (Macy & Wheeler, 2021; Grebing et. al., 2023). One
way to do this is to give teachers a seat at the decision-making table. When Seaford, NY wanted
to change their reading program, instead of mandating the change, they offered teachers lessons
with books from the Bookworms program, the teachers liked the program and a year later it was
adopted by the district (Chenoweth, 2020). Clayback (2022) found that the degree to which
teachers execute a change initiative is greatly influenced by their beliefs and prior experience.
Teachers will feel less control over the change process when they are not involved in it, which is
especially true when it comes to top-down change management, as unfavorable teacher attitudes

lead to resistance for the change initiative (Beycioglu & Kondakci, 2021). Their practices are
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influenced by their beliefs since they have the power to either reinforce or undermine how
students react to changes brought about by policymakers (Fives & Buehl, 2016). If teachers are
carrying out a program, there must be a collective belief that the change is worth making for
them to adopt the change and bring it into their classrooms (Turnbull, 2002; Lee & Min, 2017).
Beliefs are also directly connected to motivation because they fuel the desire for change. If one
believes a change is possible and has value, consequently, they will find the motivation to make
the change (Grebing et al., 2023). As a result, motivation plays a consequential role in
implementation (Daritotis et al., 2008).

Self-efficacy is another key component to teacher buy-in; the stronger their sense of self-
efficacy, the more motivated they become to implement the changes (Lee & Min, 2017). Self-
efficacy is the conviction that one can bring about positive change and achieve the desired results
in the classroom (Grebing et al., 2023). Teacher self-efficacy is a crucial motivating factor in
determining how much effort is put into professional practice (Ryan & Hendry, 2023). The term
“self-efficacy” originated from the research of Albert Bandura (1977) and is derived from his
social cognitive theory. Bandura used the term to describe a person’s confidence in their capacity
to function successfully and effectively in a particular setting (Ryan & Hendry, 2023; Zhou et al.,
2022). Bandura argued that individual self-efficacy was derived from four sources: mastery
experiences, vicarious experiences, social persuasion, and emotional arousal (Rich et al., 2017;
Ryan & Hendry, 2023; Zhou et al., 2022).

Mastery experiences allow teachers to achieve success through performance activities.
For example, when teachers are successful in the implementation of a new instructional
approach, their self-confidence grows (Lewis et al., 2021). When teachers see student success it

reinforces their ability to deliver on the expected outcomes. With each successive mastery
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experience, which is the most powerful of Bandura’s sources, teachers build further confidence
(Rich et al., 2017; Zhou et. al., 2022).

Vicarious experiences like modeling also help teachers gain self-efficacy (Lewis et al.,
2021). Modeling provides a sense of security for teachers and motivates them to experiment with
new techniques (Ryan & Hendry, 2023). Training teachers to learn by modeling is the foundation
of the field experiences required by most teacher education programs. Social persuasion happens
when people receive feedback on how they perform on a particular activity (Zhou et al., 2022).
Social persuasion increases efficacy when a teacher receives positive feedback, usually from
colleagues or administrators, or when working with a coach (Lewis et al., 2022). Teachers are
further socially persuaded during professional development by comments they receive on their
performance (Zhou et al., 2022). Teachers can increase their self-efficacy by interpreting their
level of arousal in difficult situations in a positive way (Ryan & Hendry, 2023). By identifying
their level of enjoyment, enthusiasm, and contentment while engaging in an activity, emotional
arousal has taken place which also increases their self-efficacy (Zhou et al., 2022). Developing
opportunities for teachers to experience all four of Bandura’s sources will serve to increase their
sense of self-efficacy, which should provide them with the necessary confidence to integrate new
subject matter into their curriculum.

Commitment is also important for making long-term and lasting change. A teacher may
believe in a program, be motivated to carry it out, and even believe in their ability to do it, but
being committed to the success of the program is the final necessary piece. The Success For All
(SFA) program provides a full curriculum from PreK through eighth-grade in addition to training
and support, with one caveat, teacher commitment — 80% of teachers have to vote, by secret

ballot, to adopt the program (Chenoweth, 2020). There is evidence that when a program is first
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adopted it may not immediately produce the desired results and that a program needs to mature
in order for it to do so (Lee & Min, 2017). This was also the case with SFA in Steubenville,
Ohio. Many teachers wanted to abandon the program during its second year, but with a lot of
support from administrators, they persevered (Chenoweth, 2020). The more comfortable the
teacher becomes with the changes being made and the more knowledge they have about
successful implementation leads to success in the long-run. Lee & Min (2017) attribute this to
the learning curve of the teacher themselves. A teacher needs to be committed to work through
the bumps early in the process of making these changes (Grebing et al., 2023). Steubenville
highlights their commitment to the program and after twenty years, still champions its success
(Chenoweth, 2020). The four characteristics of buy-in, individual beliefs, motivation, self-
efficacy, and commitment to action, work in tandem allowing teachers to realize the curricular
goals.

Teachers need to experience some level of ownership of the curriculum that they are
teaching. Any modifications to the curriculum must be adopted and implemented by teachers,
and if they are to do that successfully, they must be able to comprehend the changes completely
(Lee & Min, 2017). Teacher buy-in is an important to any change initiative and its
implementation process. It is essential to explore the practices that improve teacher confidence
for integrating new subject matter into the curriculum. For computer science to be successfully
integrated into the elementary curriculum, teachers’ lack of confidence in their understanding of
the subject must be addressed (Vegas et al., 2021).

Professional Development
Teacher education and professional development are widely acknowledged as essential

components to help teachers adopt and implement new curriculum (El-Hamamsy et al., 2020).
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The primary element needed for instruction is a well-trained and knowledgeable teacher and in
the absence of that, districts will turn to professional development programs to train in-service
teachers to fill the void (Vegas et al., 2022). A one-time, sit-and-get workshop is the most
commonly used professional development delivery method, yet this approach to professional
development is ineffective regarding influence for changing pedagogical techniques because they
lack depth of knowledge and iterative practice (Bigsby, 2017; Whatley & Smith, 2023). Teachers
may leave these trainings with some new techniques and abilities, but they might never put them
into practice, or only do so in a weak, less integrated way because they do not have the depth of
knowledge to feel comfortable with the subject (Lewis et al., 2021; Whatley & Smith, 2023). It is
not enough to offer a professional development opportunity, districts must examine what
teachers need to know and how to deliver training so that it is adopted into the curriculum in
effective ways.

Who will teach computer science has presented a significant challenge to the integration
of computer science, especially for elementary education, since there are few computer science
graduates in general, and they are not pursuing a career in the teaching profession (Webb et al.,
2017). There is a worldwide shortage of teachers qualified to teach computer science (Mason &
Rich, 2021; Vegas et al., 2021). As a result, integration of computer science will fall on in-
service teachers who may be intimidated by the prospect of delivering content for which they
believe they lack the skills to integrate (El-Hamamsy et al., 2020; Oldham, 2021). Teachers will
not be able to teach a subject effectively if they do not fully comprehend it (Oldham, 2021).
While there is a significant amount of research regarding the integration of technology into

teaching practices, there is not an abundance of information available for preparing elementary
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teachers to integrate computer science into their pedagogical practices (Ertmer, 1999; Liu et al.,
2017; Hutchison et al., 2021; Mason & Rich, 2021; Consoli et al., 2023).

The right training is needed to prepare teachers to teach computer science in elementary
schools (Funke et al., 2016). Opportunities for professional development should increase
teaching ability in ways that align with the pedagogy (Santo et al., 2019). Teachers’ background
knowledge, experience, and the amount of time required for them to learn and apply new skills
should all be considered when choosing the sort of professional development to be provided
(Hestness et al., 2018; Whatley & Smith, 2023). Teachers need time to learn, understand,
implement, and then reconvene for further discussion (EI-Hamamsy et al., 2020). Teachers find
collaborative work helpful to increasing their interest in a subject and training initiatives should
provide opportunities for collaborative work (Dorotea et al., 2021). To provide teachers with the
best chance for successful integration of computer science into elementary education,
professional development should be learner-centered, content-oriented, of sufficient duration,
and collaborative to help build the confidence of educators for integrating new knowledge into
the curriculum (Dorotea et al., 2021; El-Hamamsy et al., 2020; Mason & Rich, 2019; Sprott,
2019).

Sensemaking

Humans are naturally curious learners, however change is often overwhelming
(Willingham, 2021). Many teachers, when faced with change, recoil due to the cognitive load of
making the leap from where they are to where they must be, particularly if it is mandated and
they were not included in the process (Fink & Stoll, 2005; Hargreaves, 2005). Guidance and
professional development may be offered to assist teachers in gaining the necessary skills needed

to implement a change, but to impact teaching methods, they must be ongoing (Roehrig et al.,
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2006; Darling-Hammond & Richardson, 2009; Archibald et al., 2011). Haney et al. (2002)
argued for the inclusion of teacher belief systems in every professional development experience
related to change initiatives because those beliefs are the core of the change to be made.
Overcoming resistance, building pedagogical skills, and assessing the development of belief
systems that come from a variety of internal and external influences are elements that feed into a
teacher’s sensemaking for change. These elements ultimately become part of a teacher’s
sensemaking, an iterative process that is used to understand and implement change (Russell et
al., 1993; Pirolli, 2011).

Definition of Sensemaking

Karl Weick (1995), known as “the father of sensemaking”, states that sensemaking is
“about authoring as well as about reading” (p. 6; Ancona, 2012; Introna, 2019). This description
refers to the dual nature of sensemaking involving both interpretation and construction processes.
Making sense establishes a link between the tangible and the abstract (Weick et al., 2005). The
term “sensemaking” essentially means figuring out how to make sense of some stimuli, and
suggests that understanding requires information processing (Pirolli, 2011). It is how we
structure what is unknown or speculated with that which is known or observed in order to guide
actions for carrying out tasks, enhancing routines, and making meaning (Klein et al., 2007;
Ancona, 2012).

Humans are regularly attempting to make sense of their experience and do so with
influence and input from others (Mills et al., 2010). This is particularly true for environments
that are rapidly changing (Ancona, 2012). As such, sensemaking is a deliberate and dynamic
process of framing and reframing, an ongoing and continuous cycle that leads to deeper

understanding (Klein et al., 2007). Sensemaking can also be described in terms of a loop, an
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iterative process, that repeats as new information and knowledge is received that reframes
previous understandings (Russell et al., 1993; Pirolli, 2011). It is needed most when there is an
incomplete understanding of a stimuli and ambiguity exists that requires individuals to determine
next steps in a situation (Mills et al., 2010; Ancona, 2012). As individuals struggle with an
incomplete reality and strive to create order, they will seek out others for assistance in creating a
new framework from which to work (Dervin et al., 2008; Pirolli, 2011; Ancona 2012). In this
way, sensemaking is a social activity incorporating data from a variety of resources to create the
necessary connections for implementing change (Ancona, 2012).

Sensemaking requires communication (Weick et al., 2005). Part of the definition of
sensemaking is the social construction of meaning, which is the process by which individuals get
meaning from shared experiences and social interactions (Mills et al., 2010). In situations that
require a quick response time and integrating multiple sources of information, or when the
complexity of the situation necessitates the use of multiple perspectives and skill sets to
understand and make sense of available information, collaborative sensemaking is common
(Pirolli, 2011). During sensemaking, people draw on both formal and informal resources, such as
chance encounters with coworkers and unplanned talks in public areas like break rooms and
corridors (Allen, 2023). In his definition of sensemaking, Pirolli (2011) highlights the social
exchanges of knowledge that contribute to the practice of making sense of a new phenomenon.
Sensemaking is inherently a collective process, requiring individuals to gather diverse
information, listen to various perspectives, and involve others in understanding a situation
(Ancona, 2012).

These definitions align with the nature of education, particularly the sense of urgency that

1s so intrinsic to K-12 education. Legislators pass reforms that require changes, but they do not
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identify how those reforms should be implemented, it is up to educators to make those decisions.
As a result, reforms may be cloaked in ambiguity requiring sensemaking to bring a sense of
order and understanding for those tasked with its implementation. There is an interplay between
knowledge, beliefs, and attitudes of these implementers, their circumstances, and the policy
signals that makes sensemaking critical in determining meaning for the reform (Spillane, 2002).
Sensemaking in Curricular Adoption

Organizational scientists have proposed sensemaking theory as a way to describe how
people learn in work environments, especially in regard to change (Allen, 2023). This may
require the acquisition of new subject knowledge, resolving unstructured issues, and developing
situational awareness (Pirolli, 2011). Sensemaking allows people to arrive at a thoughtful and
useful interpretation of events (Klein et al., 2017). Ultimately, sensemaking transforms people
into information designers because they must search for meaning in ambiguity and accept what is
possible (Weick, 2005; Dervin et al., 2008). Adopting comprehensive curriculum reform requires
fresh collective learning from all reform participants (Soini et al., 2017).

Porter et al. (2015) found that, “The sustainability of any policy rests in whether or not it
is able to be routinized or institutionalized within the system” (p. 135). Leaders use their own
understanding of a policy, based upon personal experiences and knowledge, in order to decide
the best way to implement it (Gawlik, 2015). Those responsible for making sure that
implementation takes place throughout a district must engage in intense collaborative
sensemaking in order to develop an understanding of extensive curricular change and strategies
for managing reform efforts in school districts (Pyhalto et al., 2018). Creating connections
between old and new understandings and across educational levels is a key component of shared

sensemaking related to extensive curriculum reform (Pietarinen et al., 2019; Lowell et al., 2024).
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Additionally, the various lenses that those involved in curricular adoption within their districts
use to understand the reform and formulate suitable responses to it are influenced by
organizational values, traditions, conventions, and professional practices (Pyhalto et al., 2018).
Those who help unpack understanding of the policy also have an impact on district stakeholders’
sensemaking (Hill, 2003). Districts consult with what Coburn (2005) calls “nonsystem actors”
(p. 24) who may be appointed to state task forces and commissions that provide the necessary
resources and are contracted to conduct training related to the state’s instructional policy, which
is a key component of policy implementation.

School district stakeholders are critical to curricular adoption because they interpret,
integrate, and transform the overarching goals the change by encouraging communication and
collaboration to improve learning and provide teachers with clear expectations, direction, and
support (Spillane et al., 2002; Porter et al, 2015). These district-level stakeholders ensure that the
curriculum’s goals are effectively carried out by acting as a liaison between the high-level
curriculum frameworks, which are often created at the state or federal level, and the practical
realities of teaching and learning in local schools (Soini et al., 2017). Collaboration across the
district, creates a shared understanding of the reform which benefits the adoption process
(Lowell et al., 2024). Shared sensemaking techniques can be used to improve understanding,
collaboration, and alignment during the implementation of reform, particularly in a complex
system like education, by functioning as tools to help people engage with and actively navigate
the reform (Pyhalto et al., 2018). Cristofaro (2022) identified one of the key features of
organizational sensemaking being the influence of relationships within an organization,

particularly between supervisors and employees. The effectiveness of sensemaking depends on
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involving participants in shared sensemaking, which is supported by school leaders who engage
with teachers to help them understand signs from their environment (Gawlik, 2015).

At times teachers may encounter competing messages from leaders resulting in ambiguity
and uncertainty around implementation (Allen & Penuel, 2015). Thus, sensemaking is a means
of addressing or resolving these uncertainties and ambiguities (Stollman et al., 2020). The
process of sensemaking is inherently social, drawing on resources from coworkers and
supervisors to create a collective understanding of the significance of the reform (Coburn, 2001;
Weick et al., 2005; Mills et al., 2010; Ancona, 2012; Luttenberg et al., 2013; Siciliano et al.,
2017: Lowell et al., 2024). People use dialogue and social contact to create common meanings
and interpret information from their surroundings, which Gawlik (2015) found to be an important
aspect of teacher sensemaking. The messages that leaders give teachers about how to take part in
the reform and the messages that teachers receive from other institutional actors gives the reform
its meaning (Allen, 2023; Lowell, 2024). Allen (2023) found that teachers rely significantly on
others’ knowledge of local expectations as part of their sensemaking process. Teachers’
interactions are largely shaped by their social networks, leading to a convergence of their beliefs
with those of their colleagues (Siciliano et al., 2017). By using accessible cues from their
environment, sensemaking helps teachers eliminate ambiguity and uncertainty and arrive at
understanding of the reform (Allen, 2023). Whether educators accept, reject, or adopt curricular
reform is rooted in sensemaking (Pyhalto et al., 2018). Engaging people in sensemaking is a
critical component to the success of curricular adoption (Gawlik, 2017).

The way in which reform concepts and practices are integrated into instruction is greatly
influenced by the sensemaking processes that teachers employ (Allen, 2023). Most reforms are

designed to improve student achievement, and although the mandating body expects teachers to
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carry them out as intended, once implemented, they do not always work out as planned
(Stollman et al., 2020). Because sensemaking is retrospective, curricular adoption is also
impacted by teachers past adoption experiences, both successes and failures (Seligman, 2006).
Fullan (2016) admits that, while doable, long-term sustained change is hard to accomplish,
particularly at scale, when involving new skills or knowledge. Requiring teachers to implement
policies that they do not understand undermines meaningful engagement and only serves to
promote compliance (Elmore, 2016). Teachers often disregard policies when they do not grasp
certain aspects of them (Coburn, 2001). Even when they are confident in their own abilities to
carry out the reform, they nevertheless recognize that time and resource constraints may
necessitate deviating from the recommended course of action (Siciliano et al., 2017). When it
comes to significant improvements involving numerous stakeholders in an educational system,
shared sensemaking can be successful (Soini et al., 2017). Since teachers are at the center of
educational reform, their participation in sensemaking is essential to attaining the desired results
(Schmidt & Datnow, 2005).
Sensemaking in Education

Sensemaking is described as an ongoing process that fills important gaps in
organizational theory occurring most often when something is different from the way that it is
expected to be (Weick et al., 2005). This occurs in education when a change takes place
requiring educators to implement an innovation and change a practice (Stollman et al., 2020).
For teachers, this is the intersection between their perceptions of what the situation calls for and
their personal frames of reference (Luttenberg et al., 2013). Ultimately, a teacher’s sensemaking
arises from the demands of their situation combined with their perception of those demands;

these elements are crucial in the sensemaking process for educators (Stollman et al., 2020).



44

The role of individual cognition is significant in the sensemaking process for teachers.
The ability of teachers to interpret new information about teaching and manage changes to their
work practices is influenced by their personal, social, and material resources (Allen, 2023). Prior
knowledge, experiences, and individual belief systems are involved in the construction of
understanding for a stimulus or change initiative (Spillane et al., 2002). Sensemaking is done to
provide a more comprehensive image and broaden teacher understanding of the change as they
work toward implementation (Klein et al., 2007).

In education, sensemaking is triggered by a change initiative, and is most pronounced
where there is ambiguity regarding the change initiative. Often these change initiatives are
introduced through a new state policy. Teachers initially interpret these new policies in a variety
of ways, through messages from state and local governing bodies, curriculum and standards, and
outside influencers, such as those who provide professional development to educators (Coburn,
2002, Coburn, 2005, Allen & Penuel, 2015). Sometimes these sources of understanding provide
too many interpretations leading to confusion by the educators tasked with implementing them
(Allen, 2023). To stabilize their sensemaking, educators will therefore turn to classifying and
organizing their experiences (Weick et al., 2005).

Sensemaking in schools is an iterative process that engages teachers in meaning and
develops their capacity for implementation. Teachers rely upon prior experience with ambiguity
as a way to move forward with understanding (Allen, 2023). Additionally, new understanding
draws upon prior knowledge to create new meaning (Spillane, 2000). Teachers will then interpret
policies and put them into practice based on that prior knowledge, all of which contributes to the
development of a frame of reference in regard to the reform (Spillane et al., 2002, Allen &

Penuel, 2015). The frame is a reflection of the total experiences one has, thereby contributing to
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making sense of a situation or phenomenon (Klein et al., 2007). Communication, therefore, plays
an important role in the organization of sensemaking because much of how we make sense of the
world is based upon how we interact or communicate within it (Weick et al., 2005). There are a
multitude of actors that overlap one another with whom teachers communicate and who
influence the process of sensemaking in a variety of ways. Professional development is one such
way in which teachers begin to make sense of a reform (Luttenberg et al., 2013). Policy ideas are
often translated to teachers through professional development providers both within and outside
of the school system, playing a crucial role in the implementation of policy and adding a new
layer of knowledge to a teacher’s existing understanding (Coburn, 2005). Professional
development about policy should include information about standards, which also play a critical
role in the sensemaking of teachers because the standards are typically at the heart of a reform
and how the policy reform is expected to manifest itself in student learning (Heredia, 2020,
Allen, 2023). At the district level instructional guidance is provided to teachers through district
trainers or coaches (Coburn, 2005). Finally, there is a formal and informal social aspect to
teacher sensemaking. Teachers will engage in casual conversations with peers that discuss and
explore others’ ways of sensemaking around reforms. They will also learn from administrators,
through a social context, about expectations and understanding around implementation of the
reform (Ancona, 2012, Allen & Penuel, 2015). These conversations allow them to find
information and deepen their learning about reforms (Weick, 2005, Pirolli, 2011). Sensemaking
in education is “about creating an emergent picture that becomes more comprehensive through
data collection, action, experience, and conversation” (Ancona, 2012, p. 6). Ultimately,

sensemaking around reforms allows educators to develop understanding that is adaptive and
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refined over time as they contemplate a change initiative through their own frame of reference
and the external factors that influence them.
Summary

There is not a single, widely recognized definition of computer science, but it is crucial
for teachers to understand that it is its own distinct subject (Tucker, 2003). Just as important is
for teachers to understand that computer science is not fundamental computing skills or
technology integration (Fluck et al., 2016; Wohl et al., 2017; Oldham, 2021). Beginning in the
2024-2025 school year, the state of Tennessee has implemented a change initiative that expects
elementary general education teachers to incorporate computer science into the curriculum.

Change initiatives are typically driven by the desire to improve student learning (Elmore,
1995). However, they do not guarantee better teaching or learning outcomes, which will need
ongoing support for effective implementation (Fullan & Mundial, 1989; Hall, 1992). There are
several factors that affect implementation, among which include capacity building activities,
teacher buy-in, and ongoing professional development (Darling-Hammond, 2005; Bas et al.,
2019; El-Hamamsy et al., 2020). To properly implement the change initiative, teachers must
have a thorough understanding of it (Turnbull, 2002; Lee & Min, 2017).

Sensemaking involves organizing knowledge by connecting known and unknown
elements together (Weick, 1995). It involves both interpretation of policy, internal and external
influences to construct new meaning (Spillane et al., 2002). Sensemaking is an iterative process
that repeats with the introduction of new information leading to deeper understanding (Russell et
al., 1993; Klein et al., 2007; Pirolli, 2011). Sensemaking is a social activity that involved
integrating information from an interacting with a range of sources to establish the connections

required to carry out change (Weick, et al., 2005; Ancona, 2012).
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Therefore, the purpose of this qualitative study is to explore the perceptions and
experiences of elementary general education teachers regarding their capacity to integrate
computer science into their curriculum. The study aims to investigate how teachers make sense
of a new curricular initiative — in this case, computer science integration — what factors influence
that sensemaking, and how sensemaking impacts their assessment of their own preparedness to
carry out a change initiative. The findings will offer insightful information to support primary
education-related professional development and teacher preparation initiatives.

The literature review supports this study’s aim to understand how teachers interpret the
introduction of computer science into the elementary general education curriculum. It creates a
framework for understanding computer science and its adoption into the curriculum. It explores
the implementation of change initiatives and the elements that impact and challenge change. It
investigates the external influences of teachers as they make sense of their capacity to
incorporate computer science into the elementary general education curriculum. This qualitative
study will include data from interviews to gain insight into their sensemaking. The following
chapter will explore the method of the study, justify its purpose, and explore the framework in

correlation to the research presented in Chapter 2.
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CHAPTER III: METHODOLOGY
METHODOLOGY
Research Purpose and Questions
The purpose of this qualitative study was to explore the perceptions and experiences of
elementary general education teachers regarding their capacity to integrate computer science into
their curriculum. The specific goal of this study was to investigate how teachers interpreted the
integration of computer science into their curriculum, what factors influenced their perception of
their readiness to implement a change initiative. This research analyzed teachers’ attitudes and
experiences in order to identify factors that contributed to their sensemaking to teach computer
science concepts, providing valuable insights that can inform professional development and
teacher training programs pertaining to elementary education.
This study will address the following research questions:
1. How do elementary teachers understand and experience computer science
integration into their general education curriculum?
2. What factors influence teachers’ perceptions of their preparedness for integrating
computer science into the general elementary education curriculum?
3. How do teachers perceive their preparedness for integrating computer science into
the general elementary education curriculum?
Theoretical/Conceptual Framework
This study leaned on sensemaking as its theoretical framework. Instead of focusing on
how judgment affects decision-making, sensemaking explores the interaction between action and
interpretation (Weick, et al., 2005). Sensemaking theory has been applied by education

researchers to analyze how teachers have responded to new policies and programs that have been
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implemented in their schools (Allen & Penuel, 2015). Spillane et al. (2002) used sensemaking
when examining how educators interpret and implement new policy initiatives. Allen & Penuel
(2015) investigated the ways in which sensemaking influenced their pedagogical choices and
determined that, “Successful implementation of new standards will require focused attention to
teachers’ sensemaking and the development of supports that help teachers make sense of
ambiguous situations and manage uncertainty” (p. 147). I used sensemaking to examine how
teachers made sense of a change initiative through the interplay between their knowledge of
computer science, external influences and their perceived preparedness related to teacher
capacity for integrating it into their curriculum. Figure 1 demonstrates my methodology for how
teachers use sensemaking to understand and implement change. The change initiative (depicted
in green) was introduced to teachers within a thought bubble to represent the new policy
requiring the integration of computer science into the general education curriculum. The thought
bubble also signifies that the initiative continues to evolve as new information is synthesized.
The change initiative interacts with teacher’s prior knowledge of computer science and their
professional learning experiences, marking the initial stage of interpreting the change. External
influences (shown in blue) include the policy, standards, messages, and guidance introduced

throughout the iterative process, supporting and guiding the teacher’s sensemaking as they assess
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Subjectivity/Positionality Statement

Being a child of the 70’s I distinctly recall the guest speaker coming to my elementary
school to teach us how to use the Tandy TRS-80 and giving us the Whiz Kids comic book to take
home. Our exposure was limited to one day, however. In my later elementary years, I was
exposed to what we call pair programming today, this is where students collaborate with a
partner to use programs. In pair programming, one student operates as the driver by being hands-
on with the computer while the other is the navigator, helping the driver make decisions about
programming and identifying mistakes in the code (Code.org, 2014). When I was in school, we
used pair programming for such programs as Lemonade Stand and Oregon Trail on the Apple II.
My exposure to computer science was through computer integration which was typical of most
of my generation.

I began using computers daily right after college as a graduate assistant. Not only did I
have to learn how to use a DECmate desktop computer for daily responsibilities, but I also had to
teach myself how to use the Apple computer in the office to create a desktop blotter sized
calendar using PageMaker that advertised all of the events sponsored through the office of
student activities for each month of the academic year. The assistant director of student activities
was very familiar with computer technology and software and she showed me some basics, gave
me the software manuals, and I took it from there. That became the common standard of practice
for me throughout my career. Whenever I needed to use a computer for something new, I sought
out someone knowledgeable for guidance and relied on user manuals for the rest.

The world wide web gained prominence as [ began my professional career. At that time,
the college 1 worked for offered a course teaching employees to build department websites using

HTML code. I participated in the training for our department but left the position before creating
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the department webpage. I did not use those skills until I began working for a higher education
non-profit consortium several years later. The power of the internet had become mainstream and
computer science concepts had begun to seep into jobs that had never needed them before. Web
management became part of my job description and while the software was considered a
WYSIWYG (what you see is what you get) platform, there were some parts of the website that
did require understanding programming and writing code. Once again, I found myself seeking
out my own resources and consulting with professional web developers and turning to Google to
help me write HTML code for the website.

During those years, | was also a busy mom who volunteered regularly at my children’s
school, initially teaching typing skills to fourth grade. Typing instruction soon morphed into
teaching weekly computer technology lessons to grades 3 — 6 at a small parochial school.
Initially, I focused on technology integration but over the course of the eight years that I taught
there, I developed a curriculum that encompassed both technology integration and computer
science principles. This came about because of my own professional experiences which began to
rely more on problem-solving skills and understanding how computer programs worked in order
complete tasks such as creating event registration forms and conference and event apps for
smartphones. It was clear to me that more people would require computer science skills, and |
did not want my students to be at a disadvantage. I researched, attended Code.org workshops,
and established relationships with computer science professors at a nearby college in an effort to
expose my students to the subject. I also completed an M. Ed. conversion program to earn my
teaching certification which led me to accept a full-time position as a K-5 computer science
teacher in an urban school district. I soon realized that I had limited exposure teaching K-2, so [

spearheaded my own professional development once again and grew my personal library with
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books and resources to support computer science education at the elementary level. I even
embarked on a one-year certificate program through Tufts University to study early childhood
technology.

My experience learning to be a computer science teacher is not unique, in fact,
elementary school computer science teachers often come from different disciplines and report
being self-taught. Many teachers in elementary schools are from generations that did not have in-
depth use of computers or access to computer science courses throughout their K-12 experience.
Some may have been exposed to computers, but with no pathway to an endorsement, these
teachers, like myself, had to seek out their own training and professional development to be
prepared to introduce computer science concepts to their young students.

The new Tennessee law requiring computer science be integrated into the general
elementary education curriculum will require teachers to unpack a new set of standards, ones that
they have had limited or no exposure to previously, and develop understanding of a new subject
matter and how it dovetails with what they are teaching in other content areas. As stated,
elementary school computer science teachers had to seek out opportunities to grow their
knowledge to become content area experts, but these were teachers who were intrinsically
motivated to do so. Developing knowledge for a new content area, particularly computer science,
requires a great deal of time to read, attend workshops, and explore computer science concepts.
For in-service teachers tasked with the responsibility for integrating computer science, time is
something that they do not always have for such exploration and may not be something they are

willing to commit to doing if they are not personally interested in the subject matter.
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Viewpoint of the Study

Bhattacharya (2017) stated, “Constructivist studies examine how participants form
meanings and actions, and get as close to the experience as possible.” (p. 105) with the goal to
reveal what is valued, believed and assumed by the researcher and participants. The
epistemology of this qualitative study was constructivism because it sought to construct meaning
from the perceptions of general education elementary school teachers’ regarding the integration
of computer science into the curriculum (Crotty, 1998). I explored the “experiences of
individuals” through an open-ended interview format (Creswell, 2009, p. 113). This facilitated an
interpretive dialogue, a distinguishing feature of a constructivist study, between the interviewee
(teacher) and myself as the researcher to understand teachers’ perceptions (Bhattacharya, 2017).

Interpretivism served as the paradigm for this study because it looks to make sense of the
world in which we live and work (Creswell, 2009). Interpretivism is centered around in-depth
understanding of individuals and their interactions with the world (Bhattacharya, 2017). The
meaning individuals make of their world is based upon the perspective of the individual being
studied (Crotty, 1998). The interpretivism paradigm of this study was chosen because its goal
was to comprehend how teachers’ perspectives are formed with reference to their preparedness
to incorporate computer science into the elementary general education curriculum. It was an
interpretive inquiry about what each teacher heard, saw, and understood (Creswell, 2009).
Research Design/Methodological Approach

A fundamental qualitative study, grounded in constructivism and often termed
interpretive, is the most popular type of qualitative research in fields like education, and in the
absence of a specific study type (phenomenological, grounded theory, ethnographic, etc.), it can

be labeled as basic (Merriam & Tisdell 2016). This study was a basic qualitative study that
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utilized in-depth interviewing to construct meaning (Marshall et al., 2021; Merriam & Tisdell,
2016). The qualitative interview is a crucial tool for investigating how participants perceive and
understand their surroundings by offering a window into the subjects’ world as they articulate
their thoughts, feelings and experiences in their own words (Brinkmann & Kvale, 2018).
Through interviews, qualitative researchers can identify the meaning frameworks that people
employ to structure their experiences and make sense of the world (Hatch, 2002).

This study used a formal, in-depth, semi-structured interview protocol. Planned
interviews are formal and enable the researcher to delve further into the teacher’s perceptions,
leading to a greater depth of understanding (Hatch, 2002). Formal interviews such as these
follow a pre-arranged set of questions that serve as a guide but are semi-structured because they
also allow for additional questions that may come up during the interview process (Marshall et
al., 2021). This type of interview creates knowledge through the interviewee-interviewer
exchange and subsequent analysis of qualitative data (Brinkmann & Kvale, 2018).

I used an interviewer-interviewee exchange to collect data regarding sensemaking around
this change initiative. This study sought to investigate how elementary general education
teachers made sense of their capacity to integrate computer science into the elementary general
education curriculum. A teacher’s perception of their ability to carry out a change initiative
depends on a variety of elements once it is presented. Teacher perceptions of their capacity is not
a phenomenon that can be easily observed or studied over long periods of time. Additionally, it
cannot be easily quantified by collecting hard data. According to Brinkmann & Kvale (2018),
“The qualitative research interview is a construction site for knowledge” (p. 8). Conducting a
qualitative interview is like working on a construction site. Every question is a tool, selected with

care to mold the framework of understanding. The interviewee’s responses serve as the
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foundational elements required to assemble a story. The researcher creates and modifies the
framework, assembling the components into a logical whole. While buildings are constructed
from plans on a construction site, knowledge and understanding of human experiences are gained
through qualitative interviews. In order to accomplish this effectively, a researcher needs to
speak with the interviewee directly to understand their perspective and the elements that
influenced how they made sense of their capacity to implement change. It was essential to this
study that I communicate with interviewees, and one-on-one interviews conducted in-person, by
telephone, or virtually were the most effective ways to accomplish this.

Research Site

The research was carried out in a large school system situated in a rapidly growing area
of Tennessee (National Center for Education Statistics, 2022). With a diverse student body, this
urban school system consisted of 160 elementary, middle, and high schools. About 60% of
students came from low-income homes and two-thirds were English language learners. The
district emphasized the importance of professional development for its educators by offering
ongoing professional development opportunities, year-round, and allotting each educator ten
professional development days of their choosing, each year.

The district participated in a state sponsored train-the-trainer initiative in February 2023,
aimed at equipping educators and districts to integrate computer science into the curriculum. The
district computer science leaders later brought together teams from each elementary school, in
the summer of 2023, to provide their own train-the-trainer program, the Policy to Practice (P2P)
training. Elementary school principals were asked to assemble teams of four that included one K-
2 grade classroom teacher, one 3-5 grade classroom teacher, one instructional coach, and one

representative from the school’s administration team. Team members were labeled Integration
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Engineers and attended the P2P training to learn more about computer science and how to
integrate it into the general education curriculum. Their role was to serve as school-based
instructional leaders, supporting teachers in the implementation of computer science and
collaborating with the district’s computer science team to deliver ongoing professional
development within their school. The P2P training introduced the state policy (Appendix C), the
district’s implementation roadmap (Appendix B), new computer science state standards, offered
hands-on activities that included computational thinking principles, and explored resources and
lesson plans for computer science. Teams worked together to create an implementation plan for
integrating computer science into the general education curriculum at each elementary school,
which served as a deliverable to the district. As part of the implementation plan, Integration
Engineers offered training throughout the 2023-2024 school year to prepare teachers for full
computer science integration in Fall 2024. Each team also received a box of resources for their
school that included books, posters, and robots.

Each of the 70 elementary schools in the district were required to send a team of four
people to one of the five P2P training sessions offered. All schools that offered computer science
as part of their general education curriculum also designated their computer science teachers as
members of the Integration Engineers team. They also attended the P2P training sessions and
were actively engaged in the implementation of computer science instruction at their respective
schools. Including both groups of teachers made it possible to compare the sensemaking
processes across different teaching contexts. The district was selected for this study because it
trained 280 Integration Engineers as part of the computer science initiative, providing a deep

pool of potential participants for this district-wide study.
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Since qualitative research is not designed for mass participant interviews, a process for
participant selection must be used to find suitable candidates (Glesne, 2011). Therefore, a
purposive sampling was determined to be the most effective approach for this study. This kind of
sample is used because “they are information rich and illuminative, they offer useful
manifestations of the phenomenon of interest” (Patton, 2002, p. 40). Purposive sampling is used
when it is necessary for participants have direct experience with the topic under investigation
(Creswell, 2009). Participants in this study were elementary school teachers who were identified
by attendance at the P2P training in the summer of 2023. The district required that this researcher
collaborate with the computer science department to identify and nominate potential participants
for the study. As a result, this researcher requested P2P training attendance records and contact
information from the district’s computer science department for all elementary school educators
who attended the district’s P2P training.

Following the identification of potential participants, this researcher sought principal
approval prior to initiating contact with teachers, in adherence to district requirements. Principals
were provided a list of teachers identified from the P2P training records and were asked to grant
permission for those teachers to be contacted. Only teachers whose principals approved
participation received invitations to take part in the study. Teachers who expressed interest in
participating in the study responded to the email invitation, and interviews were scheduled
accordingly. Five non-computer science teachers and five computer science teachers were
interviewed.

This researcher had prior professional relationships with some of the participants through
professional development activities. Recognizing that these relationships could potentially

influence interpretation, deliberate steps were taken to minimize bias. Prior to conducting
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interviews, I reflected on these relationships and considered how they might influence the
research process, including advantages and disadvantages of including the participants. To
minimize interviewer bias, I adhered closely to the interview protocol, used open-ended
questions, limited unrelated conversation, and maintained a neutral demeanor throughout.
Member checking was also employed to ensure the participants’ perspectives were accurately
represented.

Data Collection

When we cannot observe how individuals interpret the world around them, conducting
interviews becomes necessary to understand their thoughts (Merriam & Tisdell, 2016). Ten
interviews were conducted either in person, by telephone, or via a web conferencing platform, in
accordance with the interviewee’s preference. Each interview was conducted in August 2025 and
ranged from 30 to 90 minutes in length. Field notes captured researcher observations and
reflections during data collection. All interviews were recorded for transcription purposes. These
recordings will only be available to the researcher and will be destroyed five years after the
completion of the study.

To ensure a precise constructivist interpretive study, open-ended interview questions
were designed to explore the “experiences of individuals” (Creswell, 2009, p. 113). A semi-
structured interview allowed the researcher to guide the conversation toward the specific
information being studied and provided the flexibility to modify the questions asked and probe
other topics that arose from the interview process (Merriam & Tisdell, 2016; Bhattacharya,
2017). Semi-structured interviews were appropriate for this study because it investigated how
teachers made sense of a change initiative and the external influences that influenced their

sensemaking. Semi-structured interviews reveal meaningful patterns that are difficult to spot and
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usually concealed from direct observation (Hatch, 2002). Since each teacher interviewed had a
unique set of experiences, their sensemaking was developed in ways that had to be discussed in
order to be fully understood, which is why semi-structured interviews were a useful method. The
interview was guided by a protocol to ensure continuity between interviews (Creswell, 2009;
Merriam & Tisdell, 2016).

Weick’s (1995) three aspects of sensemaking — identifying two elements, such as past
experiences and current challenges, and comprehending the relationship between these elements
to construct meaning — were used to formulate ten questions created for use in the semi-
structured interviews in order to learn about the sensemaking process teachers employed when
integrating computer science into their curricula.

This study sought to answer three questions regarding the integration of computer science
elementary general education teachers:

1. How do elementary teachers understand and experience computer science
integration into their general education curriculum?
2. What factors influence teachers’ perceptions of their preparedness
for integrating computer science into the general elementary
education curriculum?
3. How do teachers perceive their preparedness for integrating
computer science into the general elementary education
curriculum?

The questions used in the interview were designed to address several topics:

understanding policy, defining computer science, exposure to computer science, integration of

computer science, factors that influence teachers’ perceptions, and preparedness for integration. |
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was be able to evaluate the teacher’s understanding of computer science and the implementation
requirements by asking questions regarding policy and terminology. The ability of teachers to
incorporate computer science was assessed through several key questions that provided context
about their specific situations. Contextualization provided me with the opportunity to frame
questions designed to better understand the participant’s unique circumstances and experiences
that influenced their behavior (Hatch, 2002). By examining their previous experiences with
integrating computer science, any challenges they encountered, and their self-evaluation of their
readiness for the task I was able to gauge how prepared they felt to integrate it into the
curriculum (Weick, 1995). Understanding a teacher’s prior knowledge, the messages they
received about implementation, and any additional computer science training they had provided
insights into the factors that shaped their sense of readiness to teach computer science. Questions
addressing these aspects are crucial for analyzing the elements what influenced a teacher’s
perception of their preparedness to implement computer science.
Data Analysis

The process of data analysis creates meaning of the open-ended data collected by a
researcher (Creswell, 2009). Inductive analysis was used in this study because it does not rely
upon a predetermined premise that must be verified or refuted through data collection
(Bhattacharya, 2017). Inductive analysis is a research method that focuses on open questions
rather than testing deductive hypothesis; categories and relationships are derived from evidence,
leading to the development of theories (Tuckman & Harper, 2012). Interviewees’ statements
must be compiled, condensed, and interpreted in order to make sense of the data (Merriam &
Tisdell, 2016). The process of analysis is iterative, necessitating many transitions between

different phases and procedures for the researcher (Bhattacharya, 2017). The process that I used
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to analyze data included reviewing interview transcripts several times, decomposing the data in
multiple rounds of coding, identifying categories and themes from the data, and synthesizing the
data. Creswell (2009) referred to this process as basic qualitative analysis.

I began by reviewing interview transcripts several times to increase readability and
develop a deeper understanding of the material. Superfluous words like “uh” and “um” were
removed to produce clean transcripts. Each coding cycle employed the use of software intended
to easily organize transcription excerpts. Clean transcripts were uploaded to Delve software
where initial codes were assigned. Following this stage, the clean transcripts were uploaded to
Dedoose software where the coding process was repeated. The process yielded over 800 coded
excerpts. Immersing myself in the data enabled me to recognize the main points made by the
interviewees and provided me with an understanding of the overall richness and complexity of
the dataset (Creswell, 2009). An open coding approach was used to deconstruct the data into
manageable segments, with phrases, sentences, and paragraphs highlighted content relevant to
the study’s research questions (Merriam & Tisdell, 2016; Bhattacharya, 2017).

The first round consisted of descriptive coding. Descriptive coding summarizes the
primary topic from a portion of qualitative data (Saldafia, 2013). The passage was summarized
using single words or succinct statements that were relevant to its topic. The coding process was
repeated several times based on each interviewee’s transcript. Once all the transcripts were
analyzed, the next cycle included axial coding where categories begin to emerge (Saldafia, 2013).
Merriam & Tisdell (2016) define axial coding as, “the process of relating categories and
properties to each other, refining the category scheme” (p. 229). The single words and phrases
from the previous phase were grouped together during the axial coding process based on

commonalities that were categorized.
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An additional procedure and software were employed to support theme development. The
coded data was imported into Lucidspark which allowed for the clustering and visualization of
related codes. The data were grouped based on patterns that emerged as relevant to the research
topics. Pattern coding was then used to identify major themes from the categories that surfaced
(Saldana, 2013).

Two types of questions were posed by this study. Because the first research question
focused on understanding computer science integration, which is best represented through
thematic analysis, categorical pattern coding was an appropriate analytical approach. The
additional questions focused on teachers’ perceptions, which were best illustrated through
explanatory pattern coding. Finally, the data was synthesized to create meaning around teacher
capacity for integrating computer science into the curriculum.

Trustworthiness and Rigor

Given that the main goal of this qualitative study was to achieve understanding, it was
essential to apply criteria to ensure its trustworthiness (Merriam & Tisdell, 2016). A study must
follow specific guidelines to validate its integrity and give readers confidence in its findings
(Creswell, 2009). Guba (1981) recommends four criteria for judging trustworthiness: credibility,
transferability, dependability, and confirmability. The criteria include multiple measures that the
researcher uses to confirm the trustworthiness and rigor of the research and its conclusions
(Shenton, 2004).

The first criterion to consider is if the findings are credible, does the study measure what
it is meant to measure? There are several strategies that can be used to measure the credibility of

the study (Guba, 1981). Shenton (2004) identifies several of these strategies that were utilized in
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this study including: using established research methods, familiarity with the organization’s
culture, participant integrity, iterative questioning, and member checks.

Established research methods were identified and implemented with fidelity. These
methods, which directed every aspect of the study, included specific questions, a theoretical
framework, and data analysis procedures. This study outlined an interview protocol that included
questions intentionally selected to address the research questions that guided the study. For this
particular study, a theoretical framework was created to clarify and direct the research. In order
to assess a teacher’s ability to integrate computer science into the curriculum, this framework
considered the introduction of a change initiative (computer science integration), identified prior
knowledge, explored attitudes and beliefs toward technology and change initiatives, and
recognized the external influences that shaped teachers’ sensemaking. Data analysis, like other
studies, played a significant role in this study and is evidenced by well-defined coding
techniques that involve many iterations of inductive analysis using descriptive, axial, and pattern
coding.

The research site and its culture should be familiar to the researcher (Shenton, 2004).
This study’s research site was identified as a large school system in the United States and located
in a rapidly growing section of Tennessee. The researcher had a prior relationship with this site
and was familiar with its operations and culture. In addition, the researcher contacted the
computer science coordinator for this district to discuss the nature of the study and potential
benefits of its findings.

This study outlined a deliberate process for participant selection. Including a broad range
of participants enhanced the trustworthiness of the study by reducing bias and ensuring findings

were not skewed toward the experiences of a single group. A purposive sampling method was
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employed to select participants who had all completed the same P2P training. The sample
included both veteran and novice computer science teachers, teachers with computer science
endorsements, and non-computer science teachers.

Shenton (2004) stated that strategies should be employed to address the integrity of the
participants. To that end, this study included an interview protocol that was designed to assist in
developing rapport and educate participants that they could opt out of the study at any time. This
study’s protocol included specific wording that explained the purpose of the study, the level of
anonymity that could be expected by a participant, their rights as a participant to withdraw from
the study, and option to review notes and themes developed from their individual interview data.

Iterative questioning is another strategy that can be included to contribute to participant
integrity (Shenton, 2004). Another way this study ensured participant integrity was through
open-ended questions. These questions were created to guide the interview, including probes that
helped to create an iterative process. The interview protocol included questions that overlapped,
for example, one question asked about messages participants may have received regarding
integrating computer science into their curriculum versus their experience in doing so. The
overlapping of these questions allowed the researcher flexibility to follow up on any
contradictory statements made by a participant.

Guba (1981) highlighted the significance of member checks to verify the accuracy of
assertions made by participants. A member check is the way in which the accuracy of qualitative
data is determined based upon returning research findings to participants to verify them (Guba,
1981; Shenton, 2004). To verify patterns and themes that emerged form the analysis, I shared a
summary of each participant’s interview data for their review. Member checking is another

credibility check because it validates the findings of the researcher (Saldana, 2013).
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The second criterion, transferability, refers to the generalizability of the results from one
study to the next (Merriam & Tisdell, 2016). Qualitative studies are often limited in their ability
to be extrapolated more generally because they are typically small and specific, but
transferability is not impossible as it may be generalizable to another organization with a similar
situation (Shenton, 2004). Employing the use of thick descriptions will allow other organizations
and individuals to identify similarities and determine transferability to their own situation
(Merriam & Tisdall, 2016). In the case of this study, teachers’ perceptions of their ability to
implement a change initiative, specifically integrating computer science into the general
elementary curriculum, offered significant transferability because it connects with various
research topics and their contexts.

Dependability, the third criterion, is the degree to which study findings can be replicated
(Creswell, 2009; Merriam & Tisdell, 2016). Shenton (2004) indicated that replication relies upon
a detailed methodology, design of the study and its execution. Dependability is demonstrated in
this study through documentation of participant selection, data collection procedures, interview
protocols, and data analysis. Guba (1981) recommends overlapping methods as another tactic to
promote dependability. The overlapping methods in this study included participant interviews,
probing questions, participant reviews of interview summaries, and interitive coding conducted
across multiple software applications.

The final criterion outlined by Guba (1981) is confirmability. Confirmability in
qualitative research is the impartiality of and freedom from researcher bias (Miles et al., 2013).
Measures must be implemented to ensure that findings reflect the views of the participants rather
than researcher preferences or biases (Shenton, 2004). The researcher included a subjectivity

statement in this methodology section to bring into the open potential researcher biases.
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Confirmability can also be measured by using triangulation, which involves gathering
information from multiple sources, as previously mentioned regarding the credibility criterion
(Guba, 1981). Multiple sources were used to strengthen the credibility of the findings through
triangulation. District training materials were also incorporated to corroborate the interview data.
The district training materials included PowerPoints used during the P2P training that helped
clarify the agenda and training activities.
Conclusion

This basic qualitative study aimed to explore teacher sensemaking around a change
initiative, in elementary general education classrooms. It explored how teachers understood and
experienced computer science integration into the curriculum, the factors that influenced their
perceptions of preparedness, and how they perceived their preparedness for implementation. The
next chapter will highlight the findings of the study, looking at themes that emerged from the

data.
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CHAPTER IV: FINDINGS
Introduction
The purpose of this qualitative study was to explore the perceptions and experiences of
elementary general education teachers regarding their capacity to integrate computer science into
their curriculum. General education teacher was defined as all teachers, including special content
area teachers (e.g. music, art, etc.), who are part of the formal academic program and instruction
of all elementary students. The overall goal was to gather data on teachers’ sensemaking of a
new curricular initiative, computer science integration. I sought to explore how they understood
and experienced computer science within their curriculum, the factors that influenced and shaped
their sensemaking, and how sensemaking impacted their assessment of their preparedness to
implement a change initiative.
Data Collection
For this basic qualitative study, I collected data through semi-structured interviews, as

this method provided the flexibility needed to capture participants’ experiences and perspectives
while those experiences were still unfolding. I conducted the interviews in-person, by telephone,
virtually, in August 2025. I utilized the transcription services embedded within the video
conferencing software and edited them in their downloadable format, Microsoft Word. I coded
the interviews using two different qualitative data analysis software programs, Delve and
Dedoose. I also participated in memo writing and kept a reflexivity journal. The research
questions that guided my study were as follows:

RQ1: How do elementary teachers understand and experience computer science integration

into their general education curriculum?
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RQ2: What factors influence teachers’ perceptions of their preparedness for integrating

computer science into the general elementary education curriculum?

RQ3: How do teachers perceive their preparedness for integrating computer science into the

general elementary education curriculum?
Participant Profiles

Ten teachers participated in this study, selected through purposive sampling. Participants

were identified based on their attendance at the Policy to Practice (P2P) training held in June
2023, and their contact information was obtained from official attendance records and the district
email directory. Of the 120 people contacted via email, sixteen expressed interest in
participating, with ten agreeing to be interviewed. All participants were asked the same or similar
questions from the Institutional Review Board (IRB)-approved interview protocol. I adjusted the
interview protocol for participants who had not implemented any computer science-related
lessons. In addition, follow up and clarifying questions were posed to each participant as needed.
Participants represented ten different elementary schools across the district. To ensure
confidentiality, I assigned each participant a pseudonym. Table 1 provides information about
each participant, their teaching role, professional computer science instruction experience, and
computer science endorsement status.
Table 1

Overview of Participant Roles, Computer Science Experience, and Endorsement Status

CS Instruction CS Endorsement
Name Teaching Role Experience Status
Ayla Larkson 5% Grade Teacher Novice Yes
Tate Stone 4™ Grade Teacher NA No
Cam Chase 5" Grade Teacher NA Yes
Lindsey Kerr Computer Science Teacher Veteran Yes

Table 1 continued
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Computer Science  Computer Science

Name Teaching Role Instruction Level Endorsement
Morgan Lovette 4™ Grade EL Co-Teacher NA No
Adrian Locke Computer Science Teacher Novice Yes
Blair Wilder Computer Science Teacher Novice Yes
Dylan Clarke Kindergarten Teacher NA No
Sloan Wells Computer Science Teacher Novice No
Logan Hughes Computer Science Teacher Veteran Yes

Ayla Larkson had more than seventeen years of teaching experience in both elementary
and middle school. Larkson described herself as a self-directed learner and believed it to be her
responsibility to understand and adopt new initiatives, rather than wait for administrative
direction. This perspective was driven by her commitment to ensuring that students have
equitable access to 21% century skills to remain relevant. Larkson did not have any formal
education in computer science; however, she completed the state’s computer science pathway to
earn the endorsement. Larkson’s understanding of computer science is shaped by prior
experiences integrating technology into the curriculum, which included teaching keyboarding.
She also served as a STEAM/STEM teacher where computer science was a component of the
instruction. As a self-directed learner, Larkson actively sought ways to integrate computer
technology into teaching by researching software and programs that enhanced academic lessons
and expanded students’ skills.

Tate Stone was a mid-career teacher with twelve years of experience teaching first
through fourth grade in two urban districts. In addition to a bachelor’s degree in education, Stone
possessed two master’s degrees, one in urban education and the second in curriculum and
instruction. Although Stone has no formal education in computer science, she believed her

training as a general education teacher has prepared her to connect new ideas to prior knowledge
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allowing her to continually build and expand her expertise. Stone viewed this background as an
advantage when implementing new initiatives and that this would also be the case with computer
science implementation.

Cam Chase is a 21-year veteran teacher with experience in both middle and elementary
school, though she preferred working with elementary students and was teaching fifth grade.
Chase described herself as a “digital immigrant,” recalling the days when loading a single
website could take so long that one could leave and return before it finished. Her first computer
was a TRS-80, a reminder of how much technology has evolved over time. Chase holds a
master’s degree in curriculum and instruction with an emphasis on technology. She was
committed to exposing students to computer science, emphasizing that students are growing up
in a digital world and must have equitable access to technology to stay relevant. Her
understanding of computer science closely aligned with technology integration, though Chase
notes that computer science extended beyond simply using computers. Chase regularly
incorporated technology into her teaching and had recently earned the K-12 computer science
endorsement.

Lindsey Kerr was a veteran teacher with thirty years of teaching experience. Kerr began
teaching in private schools before moving to public education sixteen years ago. Over the years,
Kerr has taught a wide range of grade levels, from Pre-K through 8" grade math, and had been
teaching computer science for the past nine years. While Kerr did not have an extensive
background in computer science, she took computer-related courses during both her
undergraduate and graduate studies. Kerr self-described as an educator who is always evolving —
constantly seeking new ways to approach instruction and researching strategies to enhance

learning. Kerr embraced change in education and resisted the monotony of teaching the same
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content in the same way year after year. When she began teaching computer science, she viewed
her role as helping students learn how to use computers and be successful with basic digital
skills. However, Kerr’s perspective shifted in 2023, when new state computer science standards
were introduced. Afterward, Kerr emphasized deeper thinking and problem-solving, encouraged
students to move beyond the surface-level skills, and engaged with computer science as a tool for
critical thinking.

Morgan Lovette is an experienced educator with eight years of teaching across multiple
elementary grade levels. In the 2025-2026 school year, Lovette was an English Learner (EL) co-
teacher in fourth grade. Using computers came naturally to Lovette, who also held a master’s
degree in instructional design and technology. Lovette recalled feeling successful in both
teaching and student learning during the COVID-19 pandemic, when instruction was conducted
online, viewed technology as an asset in her practice. While she recognized that computer
integration and computer science are not the same, Lovette saw the two as closely related and
overlapping. Lovette’s personal definition of computer science aligned closely with the state of
Tennessee’s definition.

Adrian Locke was an 18-year veteran teacher and served K-8 students with special
academic and behavioral needs. After several years as a classroom teacher, Locke became an
instructional specialist and coach but returned to the classroom in the 2025-2026 academic year
as a new computer science teacher. Teaching computer science brought together two passions:
teaching and technology. Locke believed computer science instruction should focus on using
technology as a meaningful tool rather than a flashy distraction. Taking a blended approach,
Locke integrated computer science with STEAM education to create engaging lessons while

intentionally limiting students’ screen time. Locke had little exposure to computer science prior
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to completing the state’s online endorsement course, which he did successfully. Locke had also
participated in technology-focused professional development and took a portion of a Python
coding course. Locke believed it was essential for students to be equipped to use technology as a
problem-solving tool. His understanding of computer science, shaped by the endorsement course,
emphasized it as a way of thinking, using computational thinking to address challenges. Locke
saw computer science as a pervasive field, influencing everything from engineering to
mechanics, and believed students should be prepared to navigate a world where it is embedded in
nearly every profession. Most importantly, Locke believed that the learner should always be the
main focus, not the computer.

Blair Wilder was a veteran teacher with eight years of experience. Wilder studied early
childhood education, earning certification to teach pre-kindergarten through fourth grade. In
college, Wilder considered majoring in computer science but ultimately chose teaching. When
the opportunity arose to teach computer science, Wilder eagerly embraced it, seeing it as an
opportunity to have the best of both worlds, combining a passion for technology and teaching. In
the 2025-2026 school year, Wilder was in his third year of teaching computer science. Wilder
credited his father, a mathematician with a master’s degree in computer science for sparking his
love of computers. Growing up surrounded by technology gave Wilder a deeper understanding of
computer hardware and software than many of his peers, fostering an early sense of confidence
with computers. His first real exposure to computer science concepts, however, came through the
state’s endorsement course, which Wilder successfully completed.

Dylan Clarke was a veteran educator with twenty years of experience teaching and
leading intervention groups for students in grades K-6, with most of those years dedicated to

teaching kindergarten. Clarke’s bachelor’s degree was in K-6 education and she also had an
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English Learner (EL) certification. She described herself as a professional that embraced growth,
took risks to strengthen her practice, and actively sought new initiatives to enhance student
learning. Clarke identified as a teacher who consistently integrated technology into her teaching
practice but recognized that computer science extends beyond simple technology use.

Sloan Wells is a second career teacher with eleven years of experience, teaching third
through fifth grades. While Wells has taught all core subjects, more recently her focus was on 5™
grade science and math. This year Wells has begun an exciting new chapter as a dedicated
computer science teacher for students in kindergarten through fifth grade. Wells was enrolled in
the state’s computer science endorsement pathway, at the time of her interview, and was
completing a master’s degree in mathematics, which also included eighteen hours in learning
technology with curriculum design. Her goal was to help students see the computer as a powerful
tool to enhance learning. Wells encouraged students to become creators of content rather than
merely consumers.

Logan Hughes was a second-career teacher with over eighteen years of experience whose
background as a music therapist shaped her student-centered approach to teaching. Beginning as
a music teacher, Hughes developed a passion for integrating technology which led to a transition
into adaptive technology supporting students with significant disabilities. Her role later evolved
into educational technology and, most recently, computer science, reflecting a sustained
commitment to innovation and accessibility. Hughes’ knowledge of computer science was
initially grounded in familiarity with the standards, and much of her expertise has been
developed through trial and error. She identified her greatest strength as modifying curriculum
and selecting tools that make learning accessible for all students. Having completed the computer

science endorsement course, Hughes noted that her earlier exposure to the field was limited.
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Reflexive Journal Notes

During the interviews and coding process, I maintained a reflexive journal to record my
thoughts, observations, and analytic reflections. This journal served as a space to document
insights about participants’ experiences, as well as to critically examine my own analytical
decisions throughout the coding process (Saldafia, 2013). Reflexive journaling helped me capture
emergent ideas, identify early thematic patterns, and enhance the overall credibility and
trustworthiness of the study. It also complemented the interview data by deepening my
understanding of teachers’ experiences with computer science integration and prompting me to
consider ways implementation efforts might better support teachers with limited computer
science experience.

The reflexive journal directly informed several methodological decisions, including
choices related to coding categories, theme refinement, and my dual role as a researcher and a
computer science teacher. For example, the category, Sense of Competence, emerged through
repeated journal reflections. Originally coded as an individual concept, separate from others,
further reflection revealed that it was closely tied to confidence, self-awareness and teachers’
perceived preparedness. This led me to elevate it to a broader category that aligned more clearly
with the research questions.

Similarly, the theme Instructional Guidance was refined through the journaling process. |
initially referred to it as Ensuring Instructional Alignment, but reflection revealed that “ensuring”
implied a guarantee that policy, standards, and P2P training alone could not provide. Drawing on
Cohen (1995), I reconsidered the language to more accurately reflect that they support but do not

ensure instructional alignment. This reframing strengthened the conceptual clarity of the theme.
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Ultimately, the reflexive journal allowed me to examine my positionality with greater
intentionality. As described in Chapter 3, I entered this study with a prior relationship with this
district, and I wanted to remain aware of how that insider perspective could influence my
analysis and interpretations. Writing in the journal allowed me to question myself and my own
actions. The journal allowed me to question my assumptions, monitor moments of potential bias,
and ask whether I was representing participants’ perspectives accurately rather than through my
own understanding of district practices. This ongoing reflexive questioning guided decisions
such as relying on verbatim quotes and incorporating artifacts from the P2P training in evidence.
These practices supported neutrality and helped ensure that participant voices, not my prior
knowledge, shaped the study’s findings.

Interview Data Analysis

The data I collected was coded in cycles from which categories were formed and themes
emerged (Table 2). Because it does not rely upon a predetermined premise, inductive analysis
was used to identify the relationships and categories derived from the data which led to the
development of theories (Tuckman & Harper, 2012; Bhattacharya, 2017). Creswell (2009) calls
his process basic qualitative analysis. Organized by research question this section reveals the
findings from the interviews and coding processes.

The interview data revealed five themes demonstrating teachers’ sensemaking in regard
to the computer science integration change initiative. The first theme, Understanding Begins with
Core Concepts, emerged from the basic understanding and definitions each participant had of
computer science. Understanding Begins with Core Concepts, demonstrates a starting point for
teachers regarding their understanding of computer science. Conceptual structures are ways in

which information is organized by individuals seeking to understand the world around them
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(Blandford et al., 2014). As such, definitions can be considered an early entry into conceptual
knowledge around a topic (Ross, 2001). The definition of computer science reveals a teacher’s
understanding of the content area as they engage with or embark upon a new initiative. The
second theme, Instructional Guidance, related to understanding both the legislative intent behind
policy and the standards outlined for guidance in implementation often through district training.
This theme emerged from the participants’ concerns about understanding the state expectations
regarding policy and how to incorporate the standards into practice in their classrooms. Those
responsible for implementation must first interpret the meaning and intent of the policy in order
to adapt the curriculum accordingly (Spillane & Callahan, 2000). Furthermore, standards play a
critical role in curriculum development by ensuring instructional coherence and alignment,
underscoring the importance of teachers’ understanding of the standards they are expected to
apply in instruction (Allen & Penuel, 2015). The third theme, Practical Realities of Computer
Science Implementation, emerged from the varied approaches used to integrate computer
science, despite their shared experiences through the P2P training and Integration Engineers
program or completion of the state’s endorsement pathway. Spillane & Callahan (2000) found
that reform ideas that are familiar to adopters tend to generate greater engagement than those
perceived as ambiguous or unfamiliar, which helps explain the differences in how participants
approached implementation. Both External & Internal Factors Shape Teachers Perceptions of
Preparedness emerged as the fourth theme. This theme became evident based upon the
participants’ explanations of how they came to know and understand the computer science
initiative through their own knowledge and experiences versus external messages from others
and trainings. When engaging in sensemaking, our mental models of understanding improve

when we involve others in our sensemaking (Ancona, 2012). Finally, through identifying a sense
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of competence, our participants exposed the fifth and final theme, Building Self-Efficacy. This

theme is a self-assessment of participants’ personal confidence regarding their sense of

preparedness for integrating the new initiative. Participants identified a variety of factors with

which they engaged and indicated that their confidence grew as a result of these engagements.

Educators that engaged with ongoing external factors begin to change their internal views and

continue to improve their sense of competence for implementation of a change initiative (Rich et

al., 2017; Ketelhut et al., 2020).

Table 2

Principal Coding Practice (Saldaria, 2013)

Research
Initial Codes Categories Themes Theory Question
Understanding of  Knowledge & Understanding When teachers demonstrate RQ1
CS; CS Definition  Definitions of CS  Begins with Core understanding of the core concepts
Concepts of computer science, they are able

to distinguish computer science

from other technology-related

concepts. This allows them to

implement computer science more

effectively and with greater fidelity,

rather than equating it with

technology integration or digital

literacy.
Understanding Guidance Instructional When teachers develop an RQ1
Policy; Guidance understanding of policy and
Understanding academic standards they are better
Standards prepared to implement instructional

changes.
Current Implementation & Practical Realities ~ Teachers interpret and respond to RQI1
Implementation; Integration of Implementation  computer science implementation
Challenges & as an ongoing process. They
Barriers to implement in different ways based
Implementation; on their beliefs and the challenges
CS Integration they navigate; implementation can

lead to varied outcomes.

Table 2 continued

Professional External Factors; External & Internal ~ Teacher preparedness is shaped by RQ2
Development; Internal Factors Factors Shape the complex interaction of both
Messages Teachers’ external and internal factors.

Received; Tech

Preparedness
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Attitudes; Change
Attitudes; Self-
Directed Learning

Self-awareness, Sense of Building Self- Building self-efficacy requires RQ3
Confidence, Competence Efficacy teachers to continue engaging with
Disposition, external and internal factors to grow
Training needs their own sense of competence for
their ability to integrate CS into their
curriculum.

Research Question 1
How do elementary teachers understand and experience computer science integration into their
general education curriculum?

This question explored the background and knowledge teachers possessed regarding
computer science. It elicited information about the participants’ professional preparation, their
definitions of computer science, the guidance they received related to policy and standards, and
their experiences with implementation and integration. From this question three themes emerged
that illustrate how teachers understood and experienced computer science integration. These
themes are: Understanding Begins with Core Concepts, Instructional Guidance, and Practical
Realities of Computer Science Implementation.

Understanding Begins with Core Concepts

Understanding Begins with Core Concepts demonstrates a starting point for teachers in
relation to their understanding of a new initiative like computer science. These core concepts
include defining computer science and understanding what it encompasses. When asked to
define computer science, most participants offered definitions that reflected their existing
knowledge and understanding of the subject. Most of the definitions were similar, aligning with
all or part of the definition outlined in the Computer Science Integration Guidebook (TN DOE,

2023) — problem-solving, computational thinking, and foundational concepts. Others, however,
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directly correlated with the use of computers through digital literacy and technology integration.
This theme reinforced the notion that establishing a shared definition of computer science is
challenging (Oldham, 2021). However, the variation among definitions may reveal
commonalities upon which a shared understanding can be built.

Table 3

Non-Computer Science Teachers’ Computer Science Definitions (endorsed and non-endorsed)

Computer Science Definitions | Quote

Thinking/Problem Solving | “When I think of computer science, I think of problem solving. I think of
things like variables and code and some things that are way up here
[holding hand above her head]. Really using technology to problem
solve.”

Computer Use | “The study of computers, technology, how it works, how it integrates
into our world, in the different facets of life, and in the classroom.”

Components | “Being really knowledgeable about the hardware and the software and
what you’re getting ready to implement.”

Table 3 presents the definitions offered by non-computer science teachers, with or
without a computer science endorsement. While the definitions differ, common throughlines
emerged, such as the emphasis on a working knowledge of technology, understanding its role in
problem solving, and recognizing its practical applications.

Table 4

Computer Science Teachers’ Computer Science Definitions (endorsed and non-endorsed)

Computer Science Definitions | Quote

Thinking/Problem Solving | “I really enjoy the definition where it brings in the whole thinking part,
problem solving and with the power of computers, because that together
just encompasses everything to me.”

Computer Use | “Teaching kids to be content creators and using that to enhance their
education, instead of content users.”

Definitions from computer science teachers (see Table 4) also share some similarities.

Again, while the definitions vary, there are common throughlines such as an emphasis on
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thinking, viewing computer science as a tool that empowers learners, and recognizing its role in
creation. Both groups of participants shared similar throughlines, recognizing the cognitive
component of computer science through its emphasis on thinking and problem-solving, its
application as a tool for accomplishing tasks, and its functional role in fostering innovation.

The state of Tennessee cited a computer science definition by the Association of
Computing Machinery as “the study of computers and algorithmic processes, including their
principles, their hardware and software designs, their implementation, and their impact on
society” in their Computer Science Integration Guidebook (2023). However, Tennessee expands
that definition to emphasize that computer science is more than technology integration or the use
of computing devices. Computer science includes how people think and work with
computational tools and is a way for students to “express their ideas and apply their creativity to
solve a variety of different problems” (TN DOE, 2023, p. 10). The similarities between
definitions may be attributed to the P2P training where many were introduced to it for the first
time.

Another important core concept that emerged from this study is teachers’ understanding
of computer science. Like definitions of computer science, there are multiple ways in which
participants demonstrated their initial understanding of computer science and at times it may be
easier to understand computer science through what it isn’t (Oldham, 2021).

Multiple participants expressed their understanding of computer science through the use
of computers as a tool in education, while also noting that they understood that it is “more than
just computers.” Additionally, many teachers identified a starting point for their understanding as
the integration of technology, regardless of their endorsement status and the P2P training

explanations. In fact, even veteran computer science teachers pointed to the P2P training and
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computer science endorsement course as a turning point for them in fully understanding
computer science.

Kerr, a veteran computer science teacher, described herself as always evolving. When she
first began teaching computer science, almost a decade ago, she viewed her role as helping
students learn how to use computers and develop basic digital skills. She described her early
understanding of computer science in relation to technology integration, explaining, “When I
first started this nine years ago, the whole entire concept of computer science was not on my
radar” and “It was more of how to survive on the computer rather than how to think and how to
program and things like that.” However, after the state revised the computer science standards
her perspective shifted. She now emphasizes deeper thinking and problem-solving, encouraging
students to move beyond surface-level skills and engage with computer science as a tool for
critical thinking.

Chase, a fifth-grade math teacher, described herself as a “techie” who has always been
comfortable with computers. She participated in the district’s P2P training program and has a
computer science endorsement. Believing that we live in an increasingly digital world, she wants
students to know how to effectively use the technology available to them. By the end of the first
week of school, she ensures that, “they know how to share their screen, know what the Windows
key is. I have enrolled them in a typing course, and they are learning how to use their e-mail.”
Throughout the year students complete additional assignments to strengthen their digital literacy
skills. “They’ve done PowerPoint. They had to read a book online to a kindergartner and record
themselves using Canva,” she explains. It wasn’t until she began the computer science

endorsement course that she was introduced to topics such as coding. Now, she incorporates
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coding activities into her teaching, including projects where students create algorithms and
program Bee Bots to spell out their names.

Clarke, a kindergarten teacher, shared, “I was involved in using computers and
technology since the moment I stepped into the classroom; it definitely has evolved.” She points
to COVID as a major influence on the increased use of technology in her teaching, noting that
using computers became a primary focus during that time. Although she tries to incorporate
aspects of computer science into her curriculum, she admitted that she is not always comfortable
with it. “The most experience I have with kindergartners and technology is them actually using it
and doing things with when we were logging in and going to iReady and Lexia,” she explained.
After attending the district’s P2P training, Clarke began intentionally integrating computer
science vocabulary into her classroom routines, as recommended in the training. For example,
she describe classroom procedures as algorithms, explaining to her students that it is a “computer
word” that means doing things step-by-step.

Wilder’s passion for computers was nurtured early in life by his father, a mathematician
with a Master’s degree in computer science. Having spent much of his life around computers,
Wilder developed a depth of background knowledge uncommon among his peers, even building
two computers from scratch. Although he had long considered pursuing a degree in computer
science, he ultimately chose a career in education. When a computer science teaching position
opened a few years ago, he saw it as the perfect blend of his two interests and eagerly stepped
into the role. Reflecting back to his first year, Wilder described it as “iffy” explaining that while
he was familiar with computer science, he quickly realized that his prior knowledge “can only
get me so far.” He acknowledged that, at first he “didn’t always think beyond just using

computers. I didn’t always think as deeply.” However, his perspective shifted as he became more



83

involved in computer science through the endorsement program and attending the district’s P2P
training.

Regardless of endorsement status or engagement with the P2P training, teachers
consistently identified basic computer skills as their initial entry point into computer science —
even among those serving as dedicated computer science teachers. When teachers demonstrated
an understanding of the foundational or core concepts of computer science, they were better able
to distinguish these ideas from general technology skills. For many, these core concepts served
as a natural starting point for integrating computer science into their existing curriculum.
Instructional Guidance

The phrase “instructional guidance” describes the ways in which the state and local
education systems use frameworks, standards, policies, and professional development to try and
guide and support teaching and learning (Cohen, 1995). Education policy is inherently a top-
down process originating at the state level and passed through districts to administrators and
ultimately to teachers (Beycioglue & Kondakci, 2021). The successful implementation of policy
depends on the ability to shape both individual and collective actions toward achieving a
common goal (Coburn, 2016). Teachers encounter policy in multiple ways - through standards
they are expected to teach and through professional learning designed to inform and guide
implementation (Coburn, 2005). Effective implementation requires support from various levels
of the system, particularly from the school district itself (Hall, 1992). Moreover, teachers
develop their understanding of innovative teaching and learning strategies from a wide range of
sources - people, organizations, and policies, that are frequently tangentially related (Coburn,

2005).
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In the case of computer science integration, the policy was originated at the state level,
and the state partnered with a technology-based non-profit organization to provide training for
districts. The district in this study subsequently developed its own training, Policy to Practice
(P2P), for teachers designated as Integration Engineers. These teachers were responsible for
training colleagues at their schools to implement the policy and standards. As part of the P2P
training, teachers received a copy of the state’s computer science policy (see Appendix) and
schools were required to create implementation plans outlining how computer science would be
integrated into instruction. Participants demonstrated awareness of the policy’s expectations and
identified areas where further clarification was needed (Table 5).

Table 5

Knowledge and Understanding of Policy

What is your understanding of the policy | “My current understanding is that students have to have some type
regarding integration of computer science | of integration with all content in their classes.”
into the curriculum and the state
standards? | “I know it is a policy. That is the extent of my knowledge, but I do
know that it is a policy and that we are required to teach these
things.”

[laughter — mouths “don’t remember”] “I remember going to a
training two years ago and we played with robots. I'm sorry.”

“My understanding is that it is supposed to be embedded in all
curriculum for elementary school, middle school is supposed to
have one class, and high school is supposed to have an entire
year.”

“Very little understanding, if at all.”

Participants’ knowledge of policy was strongest among those serving as computer
science teachers, regardless of endorsement status. Although the P2P training artifacts reflected
that the computer science standards were unpacked during sessions, participants described
differing levels of understanding. For example, Lovette noted a need for more information,

explaining, “If I had to teach computer science, I don’t know what standards we need to do.” In
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contrast, Larkson indicated that she was able to deliver a lesson directly from the standards.
Some participants, like Locke, critiqued the standards as being too easy and suggested they
should be “a little bit more ambitious.” Chase demonstrated both understanding and uncertainty,
stating, “Some of these standards, like ‘used advanced features of digital tools’, I’'m on that,” but
added, “Some of them I have not figured out.” She further reflected that if she knew the
computer science standards as well as the math standards, she could be more intentional in her
implementation.

Scope and sequence serves as a fundamental framework for teaching, providing concrete
guidance for implementation and ensuring alignment with state standards. It functions as a
roadmap for teaching and learning, outlining what is taught and when. Participants expressed
differing levels of awareness regarding the computer science scope and sequence, with some
emphasizing its value and others noting its absence. Wilder described using the scope and
sequence to plan weekly lessons, stating, “It is definitely nice having an idea of where I’'m going,
what the sequence is.” Conversely, Locke, a new computer science teacher, indicated that having
a scope and sequence would be helpful. Chase echoed this sentiment and explained that she is
currently developing her own. Kerr, who serves on the Computer Science Steering Committee,
discussed helping to create a scope and sequence that identifies essential standards for inclusion,
particularly when rotation schedules limit instructional time.

The district’s role in professional development further supports the theme of Instructional
Guidance. Although the district provides numerous training opportunities, the P2P training was
intentionally aligned to the state’s computer science policy. This initiative served as the primary

point of entry for teachers as they began implementing the new standards. Nearly all participants
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described the P2P training as beneficial in helping them understand and engage with the
computer science initiative (Table 6).

Table 6

Relevance of Training

How relevant and helpful was the | “I would say it shapes my understanding. It’s kind of the foundational
training? | part, that beginning part of it.”

“The initial training formed my understanding. It put it into context and
talked about how you could implement it. That’s what I needed as a new

computer science teacher.”

“The training was definitely relevant, because you have to start from
somewhere, they were helpful as a starting place.”

“It was very interesting, They were very engaging but as far as direct
application, I struggled to make the connection.”

“Very helpful, very relevant.”

“There was really great information. I remember we did a cool activity
where you had a robot go north-south-east-west, which is really cool.”

“That training was good in that they said, ‘Hey this is coming down the
pike, be ready for it, get a little plan together.”

Practical Realities of Implementation

Implementation is not a single event but a gradual, systemwide process that unfolds over
time (Coburn, 2005). Teachers initially understand change in terms of themselves and what they,
individually, think it entails (Hall, 1992). As they engage with implementation, teachers discover
challenges that shape how the implementation process unfolds, leading to differing levels of
implementation across a district (Clayback, 2022). This theme became evident through teachers’
descriptions of the decision-making processes that guided their curricular decisions.

We interpret incoming information through the lens of what we already know
(Willingham, 2021). Similarly, the teachers in this study approached implementation through the

framework of their prior knowledge and experiences. Wells describes her initial experience
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teaching computer science in familiar terms - through vocabulary instruction - explaining, “I’ve
always taught vocabulary.” She also viewed her role as one of support, helping homeroom
teachers by equipping students with foundational digital skills. For example, she teaches students
to use ClassLink and the learning management system because, as she noted, “That takes another
job away from the teacher.”

Other teachers, however, did not see clear connections between their curriculum and
computer science. Stone indicated that the curriculum does not “lean towards it” and as a result,
she doesn’t “lean a lot towards it in class.” While she found the training to be engaging, she
noted that it “lacked the connection, the real-world application.” Ultimately, she believes the best
opportunity for integration lies in teaching vocabulary. Wilder, on the other hand, described a
lesson he created using Minecraft and ciphers — an idea inspired by his own enthusiasm for the
game. “I love Minecraft,” he said, “so anything where I can interact with them playing Minecraft
is great for me.”

Teachers encounter numerous challenges implementing a change initiative, including
issues of buy-in, access to adequate resources, and time. Clayback (2022) found that gaining
teacher buy-in is critical at the outset of an initiative, while Kincaid (2007) identified faculty
buy-in as a key factor in the implementation of an initiative. Similarly, teacher buy-in surfaced
repeatedly in participant interviews, both directly and indirectly. Wells described the difficulty
she experienced with one team’s reluctance to embrace her role as a computer science teacher.
She recounted, “Ninety-five percent of my teachers are super supportive and they’re so happy for
me to come.” However, one team expressed skepticism about her efforts to teach students to log

onto their computers, questioning, “They don’t know their letters. How are you going to do
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that?” Reflecting on this experience, Wells admitted, “I wish I would have a little bit bigger buy-
in from those teachers.”

Stone, Lovette, and Clarke each questioned the feasibility of implementation and teacher
buy-in due to restrictions placed on their other curriculum. They especially feel that their English
Language Arts (ELA) curriculum is inflexible and that they are not allowed to add or change
what they are teaching. Stone clarified that educators must adhere to the curriculum and utilize
all available resources, including PowerPoint presentations, without altering them. “How are we
supposed to integrate those things if we aren’t allowed to change?”” she asked. Similar sentiments
were echoed by Lovette, who noted that the curriculum’s pacing was difficult, saying, “It’s very
tight. It’s tight [with emphasis]. They won’t be prepared for the benchmark if you stray from it,
even for a single day.” Lastly, Clarke expressed uncertainty about how to reconcile integration
with the message of faithfully adhering to the curriculum.

“I, for one, and maybe others really feel this intense pressure day-to-
day. The district expects fidelity and they come in to observe you with
the book open. We are told fidelity means we are not adding to it, but
then integration of things like this initiative is something that is
expected. How do those two things balance? How do those two things
work? I don’t understand how that will work.”

Both Kerr and Wilder were disappointed by colleagues’ lack of enthusiasm when they
were tasked with launching the initiative at their school. Kerr explained the effort and her role as
its lead during a meeting with the faculty. “I made computer science posters that they could hang
in their classrooms,” she said, “Honestly, not very many people hung them up and it all still falls
on me to implement.” According to Wilder, the largest obstacle to this endeavor is lack of

teacher buy-in. Like Kerr, he talked about fruitless meetings with faculty members to discuss

how they could implement computer science in their classrooms and what was being done to
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support it. He encountered some educators who were resistant to new ideas and have been
teaching in the same manner for a long time. They question, “Why do I need to add computer
science?”

According to Turnbull (2002), implementation requires sufficient resources. Several
participants addressed the importance of resources for implementation. Lovette recalled testing
robots in the P2P training and receiving one or two to use in the classroom. One issue that she
explained is that there was only one robot to share among a small group and only thirty minutes
of available instructional time. Wells also mentioned that her students lacked resources. She was
given only one cart of computers to share among seven kindergarten classrooms, meaning that
one laptop was available for every 3.5 students. It is not feasible to share one computer with
multiple students because of the way in which students must sign into the computer. Because of
the method that students must use to log in, sharing a computer with several students is not
practical.

Hughes is concerned with how difficult it is for her special needs students to gain access
to resources. In her position, she modifies the curriculum to accommodate her students’ needs.
As aresult, she frequently has to make manipulatives from scratch to provide students to access
computer science. Despite the software investment, she says that the applications often “bury
them so far down that no one can ever find them” or that “it is really not accessible without a
whole lot of environmental modification because they are not designed for that.”

Finally, Kerr expressed concerns about the inequitable funding between computer science
and other related areas. Despite the expenses related to a computer science curriculum, the
funding is not available for computer science teachers. “I only have my BEP money to spend,”

she said, “because I didn’t get a whole lot of money from my school.” Whereas others get a lot
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of money from their department. However, she does express gratitude for the Computer Science
Library where teachers can borrow a class set of Bee Bots, Spheros, and other equipment.
Theorists indicate the need for time to be allocated to the implementation of new
initiatives (Fullan, 1989; Hall, 1992; Kincaid, 2007; Joram et al., 2020). It takes time for teachers
to prepare for implementation of new curriculum, and they should have the necessary time to do
so (Shin et al., 2021). While the state’s intention was not to add another thing to teachers’
already full plates, the participants did not see it as intended, a complement to what they were
already teaching. They saw it as another initiative requiring instructional time. Many participants
in this study referenced the need for a commitment to more time for implementation and
instruction (Table 7).
Table 7

Challenges Encountered with Integration

What challenges have you | “I think lack of time would be the biggest obstacle. I think if you gave every teacher
encountered trying to | robots and training and got them really excited, they’d say there’s no way I can fit
integrate computer science | this in.”
into your curriculum and
what were the biggest | “I know it really eats up time. [ wish we had the time to integrate more.’
obstacles?

s

“I think that we already cannot complete successfully 100% of what we 've already
been given to complete. Adding any kind of instruction on top of that, even
integrated into it as far as computer science, time is a big factor in that.”

“There just needs to be time allocated.”

“Even though I have all these great resources, I haven’t had the time to really sink
my teeth into any of them.”

Kerr discussed the concerns regarding implementation and time with students. Schools
that had a computer science teacher added the subject to their related arts rotation, meaning
students attended class based upon a rotation schedule. However, that was also difficult because

there were so many different schedules among schools. Sometimes classes were seen on a 6 or 7
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day rotation while other schools that saw classes on a 10-day rotation. This created an uneven
implementation even across schools with computer science in the related arts rotation.
Summary of Research Question 1

This research question explores how teachers understand and experience computer
science integration. Participants described their understanding of computer science as an
evolution from basic skills to more complex problem-solving, beginning with what was familiar
and accessible, typically foundational computer skills. Analysis of participant interviews reveals
a developing understanding of core computer science concepts, reflecting a continuum from
novice to veteran that illustrates how understanding is constructed over time and mirrors the
iterative process of sensemaking.

Participants also emphasized the importance of professional learning opportunities that
introduced them to the state teaching standards as well as the district’s implementation plan and
their role as Integration Engineers. Those who demonstrated a clearer understanding of the
policies and standards were better equipped to navigate implementation challenges than those
that did not. Ultimately, the question highlights implementation as a systemwide process that
occurs slowly, over time, as Coburn (2005) observed. The participants’ experiences reflected the
iterative nature of sensemaking — beginning with what they knew, building upon it, and
reframing their understanding each time they encountered new information.

Research Question 2
What factors influence teachers’ perceptions of their preparedness for integrating computer
science into the general elementary education curriculum?

This question explored the external and internal influences that helped shape a teacher’s

perception of preparedness to implement the change initiative. It identified external factors such
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as professional development, teacher networking, and messages received from outside actors.
The question also looked at the attitudes teachers have regarding change and technology
initiatives, and their self-directed research. From this question one theme emerged, External and
Internal Factors Shape Teachers’ Preparedness.

External & Internal Factors Shape Teachers’ Preparedness

Teacher preparedness represents a symbiotic relationship between external and internal
factors. Understanding is shaped by the interaction of internal and external factors and is
understood through prior experiences, ideas, and knowledge (Bandura, 1986; Weick, 1995). This
theme emerged from the participants interactions with external factors related to implementation
and the attitudes they held regarding technology and change initiatives.

External factors identified by participants centered on professional development, teacher
networking, and the messages received from the district, administrators, and colleagues.
Professional development encompassed several forms, including district-sponsored professional
learning, networking opportunities, and district leadership teams. Only the dedicated computer
science teachers attended computer science related professional learning programs outside of the
P2P training, even though they were open to all teachers in the district. Most expressed
overwhelmingly positive views and high levels of satisfaction with the professional learning
offered by the district related to computer science.

Wells attended Planning Days trainings offered and available to all teachers, and
explained that most of her guidance for teaching computer science came from those workshops.
She described them as, “some of the better trainings that I’ve been to.” Kerr also took advantage
of these opportunities and participated in every training offered. Her involvement led to an

appointment to the Computer Science Steering Committee, where she collaborated with other
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computer science teachers to design and facilitate the Planning Days workshops. Wilder also
attended several trainings and found Minecraft 101 and 201 particularly helpful for integrating
computer science concepts such as algorithms, sequencing, and ciphers. Locke, however, only
learned after the start of the 2025-2026 school year that there was an in-service each semester for
computer science teachers. Prior to that, he attended STEM trainings but found that they offered
limited sessions related to computer science.

Those who were not dedicated computer science teachers reported only attending the P2P
training. While many participants expressed appreciation for the experience, several wished that
additional sessions had been offered, describing it as “one-and-done” training. Clarke reflected,
“I assumed that maybe that group would be called back to come the next year and talk about next
steps, what it might look like, but we did not. So that was it, unfortunately.” Similarly, Stone
noted that the P2P training was “the only experience I’ve had receiving training with computer
science.” Both Larkson and Chase described the P2P training, followed by their computer
science endorsement course, as the extent of their professional learning in computer science.

Several computer science teachers emphasized the importance of networking
opportunities in their professional learning. Participants engaged with two forms of networking,
formal and informal. Informal networking often occurred through one-on-one interactions or
informal gatherings of computer science teachers. Wilder shared that when he began teaching
computer science three years earlier, he connected with other teachers over lunch during a
district in-service and those conversations helped him acclimate to his new role. Wells also
reached out to other computer science teachers to exchange ideas and share best practices as she
prepared to become a computer science teacher. In contrast, Hughes described experiencing

periods of isolation due to the unique nature of her position, expressing, “It would be nice if |
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didn’t feel like an island all of the time,” and adding “the best support I can give is to surround
myself with people who are at least willing to come and visit the island.”

Three participants - Hughes, Kerr, and Wilder - serve on the Computer Science Steering
Committee, which they describe as a form of formal networking since the group meets regularly
to plan and develop trainings for other teachers. They credited their involvement on the
committee as a positive influence on their preparedness to teach computer science (Table 8).
Table 8

Formal Networking Attitudes

“I go to my friends on the Computer Science Steering Committee quite a bit because they make me feel
a whole lot better about certain things.”

“I love the Computer Science Steering Committee because we bounce ideas off of each other, so I feel
Kerr | like that is important.”

“Also, we can learn from the high school and middle school computer science teachers on the team,
and they can learn from us.”

“I have been part of the Computer Science Steering Committee since its inception, which has given me

Hughes more knowledge, otherwise I probably would not have a whole lot of that.”

“And now I am part of the Computer Science Steering Committee. It’s been nice being able to see even
more in-depth with so many other educators that all feel the same way I do about this learning.”

Wilder | “They just all love it [computer science], and it’s awesome being around other people that love it.”

“It’s been a confidence booster that we can get there.”

In addition, Wells and Locke expressed their satisfaction with the networking
opportunities provided to computer science teachers. Both noted that attending Planning Days
and connecting with other computer science teachers in the field has provided them with new
ideas and resources. Wells adds, “I do a lot of reaching out to other computer science teachers
and ask questions,” and she credited some of her instructional successes to ideas that were

originated during the Planning Days meetings.
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Teachers interpret the meaning of a change initiative through the messages they receive

from leaders and other stakeholders about how to engage with it (Allen, 2023; Lowell, 2024).

They also make sense of messages through interactions with colleagues, where discussions

further shape their understanding (Coburn 2002). However, when competing messages arise,

they may result in uncertainty about implementation, which can lead to further ambiguity and

confusion about how to carry out the initiative (Allen & Penuel, 2015). Participants in this study

described receiving numerous and, at times, conflicting messages related to this change

initiative.

Several participants shared messages of support through the words or actions of

administrators, colleagues, and district leaders. Several participants indicated they received

support from the district and administrative levels. Both Stone and Chase discussed the support

they have received from their technology specialists in the form of newsletters containing

resources and ideas. Wells, Locke, and Kerr explained that they receive the most support from

their district and their building leadership (Table 9).

Table 9

Messages Received — Support

Participant

District level

Building Administrator level

Kerr

Locke

Wells

“The computer science coordinator helped me
understand the integration process.”

“The people in the district have been really
supportive of me as a new computer science
teacher.”

“The district is where I get most of my
support, from going to Planning Days
meetings.”

funded again.

“I have an administrator at my school who
encourages me and continually reaches out
to help.”

>

“My principal’s been super supportive.’

“Our principal worked to get the position

2

“Admin has been amazing.”
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Additionally, some messages conveyed a lack of support, as teachers reported receiving
contradictory messages regarding district expectations. Larkson expressed uncertainty about the
implementation process, noting that while she understood computer science must be
implemented in her classroom, she had not received any communication from administrators.
She reflected that, “Since it’s new, maybe it’s coming,” and added, “Maybe they’re waiting on
the computer science department to do it, but someone needs to spearhead it so that information
starts to get where it needs to be, with the teachers.” Similarly, Clarke shared her confusion
about their Integration Engineer Implementation Plan created by her team during P2P training
which had not been used. “We’ve not included one mention of the plan in the past several years,”
she said. When she sought clarification, administrators the told the team that they, “still had
some time.”

Participants also interpreted messages as assigning a relative value to the implementation
of computer science. Some saw it through a practical lens, suggesting that teachers and
administrators were preoccupied with more immediate priorities. Wells explained, “It’s not from
any lack of knowing or not wanting to know, but you’re kind of the low man on the totem pole
with your needs, versus reading, versus math, versus rosters, versus behavior.” Clarke, who had
been told there was more time to implement the initiative, added, “I think even in our
administrators’ minds, it’s just not a priority at all.” Others framed this perceived lack of urgency
around testing. Wilder stated, “It’s not a tested subject, to be honest, and that’s kind of the way
the education world is right now. If it’s not a tested subject, I mean, even social studies and
science are on the back burner.” Kerr echoed a similar sentiment, “I don’t think they’re
[administrators] worried very much about computer science. I think there’s more of the urgency

to push literacy and math, because that’s what is on the TCAP test.” Lovette described being
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discouraged from teaching computer science due to the presence of a dedicated computer science
teacher in her school, recalling responses such as, “Oh, they’ll get that in computer class,” and,
“Well, we’ve got a lot to do. Why don’t we let the computer teacher do that?” Stone added that
after the initial push surrounding the computer science initiative waned, it appeared to be
deprioritized in favor of other initiatives in ELA, math, and science. Both computer science
teachers and non-computer science teachers identified the district’s computer science coordinator
as the one who is communicating with them most about trainings and standards, concluded that
outside of that there does not appear to be a district-wide commitment to the initiative.

Internal factors also play an important role in teachers making sense of a change
initiative. In this study, those factors included change attitudes, technology attitudes, and self-
directed learning. As Fives & Buehl (2016), noted, “Teachers’ beliefs shape their practice.”
Similarly, Clayback (2022) found that individual teacher beliefs and experiences are key
predictors of how a change initiative is implemented. Taken together, these findings suggest that
teacher beliefs exert a strong influence on the success of implementation efforts. Because
Research Question 2 seeks to identify the factors that influence teacher sensemaking, it is
essential to consider these internal factors alongside external influences.

Most of the participants in this study expressed a general positive attitude toward change
initiatives. Clarke describes herself as wanting to grow professional by embracing new initiatives
and not settling for the status quo. Hughes reflected on the constant change she has experienced
throughout her teaching career:

“I think because I have changed so much, both by choice and by
necessity, I just roll with the punches. I made the decision to
change from music to computers and had to learn all that entails

and computers are constantly changing. I think it makes it easier
for us [computer science teachers] to adapt because not only are
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we having to adapt to different curriculum, different teaching, but
also different technology, constantly.”

Kerr explained that she enjoys change because it is fun and breaks up the monotony of doing the
same thing repeatedly. Wilder shared a similar perspective, stating, “To me, it’s fun to do the
new initiatives.” Both Lovette and Locke echoed this openness toward change. Locke
acknowledged that education frequently engages with new initiatives, which can leave teachers
somewhat jaded and make buy-in more challenging but, emphasized the ultimate goal is always
to do what is best for students. Lovette likewise shared that she strives to remain open-minded
and eager to learn new things. While she admitted that she agrees with some initiatives more
than others, she believes the guiding principle should always be acting in the students’ best
interest. In contrast, Chase was candid about finding change difficult, admitting that she does not
like it. However, she added that if the change aligns with her interests and her “brain is already
primed for it,” she feels more indifferent and able to adapt.

In addition to attitudes toward change, this study also examined attitudes toward
technology in general and classroom contexts. Many expressed positive views, emphasizing
technology’s significance in today’s society and its value as an instructional tool. Others were
more neutral or cautious, expressing concerns about its impact. A few participants reflected a
mixture of enthusiasm and hesitation, revealing the complexity of teacher’s attitudes toward
integration.

The majority of participants, approximately 70%, held positive views, describing a
genuine appreciation for computers, technology, or technology integration. Larkson
acknowledged that she loved computer science and spent much of her time on the computer,
while Lovette shared that she enjoys computers but view them more as a personal hobby. Two

participants, Locke and Wilder, explained that their early interest in computers had led them
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consider careers in computer-related fields such as coding or information technology. Others
distinguished between their affinity for computers and their feelings toward technology more
broadly. For instance, Chase clarified that she enjoys using computers, her enthusiasm does not
extend to her phone, which she finds more challenging to navigate. Both Kerr and Hughes
described how their comfort with computers evolved over time, Kerr reflected, “I just fell in love
with technology. I didn’t mean to, but I did,” while Hughes added, “I developed a knowledge
and passion for incorporating technology into class, regardless of what kind of class it was.”

Participants emphasized the development of 21% century skills as a foundation for their
beliefs about integrating technology and computer science into the curriculum. Across their
comments a common thread emerged: preparing students for the 21% century is essential because
technology integration is embedded in the modern workforce. Participants viewed computer
science not as a passing trend, but as a necessary component of equitable education, ensuring
that all students are prepared for the world they will inhabit. They expressed a shared belief that
society is moving in this direction and that schools must equip students for the next step. Locke
summed it up best: “If a kid wants to be a mechanic — computer science. If a kid wants to be an
engineer - computer science. It is everywhere.”

Computer science can be incorporated into the curriculum to engage students in
problem-solving and customize learning (Webb et al., 2017). Several teachers echoed those
sentiments discussing the use of computers as a tool in education, and by extension computer
science. Wells impressed upon her students the importance of using their computers to innovate
and enhance their education, instead of consuming media, that it is a tool for learning and
problem-solving. Wilder explains using Minecraft to teach specific computer science concepts to

students and creates projects in Minecraft for students to demonstrate their learning, in as a
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multicurricular way as possible. Locke uses computers as a “tool to further your thinking” and
“to show how when you’re solving real world problems, the computer can be an aspect of that.”

Some participants shared mixed views of technology. One participant reflected that due
to COVID, teachers were “thrust” into computer science, particularly in terms of increased
computer use, but she also acknowledged that incorporating computer science elements into
instruction could be enjoyable. She was not alone in that perspective, another participant
admitted that she has chosen not to have a Promethean board in her classroom but recognized
that other technology tools could be engaging for students. While generally positive toward
technology, Locke cautioned that the primary focus should remain on the learner, emphasizing
the importance of celebrating students’ learning above all else.

Many districts rely on professional development programs to prepare teachers for
implementing new initiatives (Vegas et al., 2022). Professional development is recognized as
critical when teachers are expected to adopt a change initiative (EI-Hamamsy et al., 2020).
Consequently, it is often viewed as an external factor that shapes teachers’ perceptions of their
preparedness to implement change. Effective professional development can also empower
teachers by enabling them to identify and respond to their own professional needs (Mushayikwa
& Lubben, 2009). Such growth-oriented learning, however, depends on teachers’ intrinsic
motivation and willingness to learn.

The will to learn is defined as, “having the ambition to discover new practices, being
open to experiences and other people, being pro-active, attribution of successes and mistakes to
internal causes, question-asking after performance, undertaking action to learn, and recognition
of learning processes and results.” (Van Eekelen et al., 2006, p. 408). It has become an important

factor in predicting the likelihood that teachers will adopt a new initiative (Mushayikwa &
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Lubben, 2009). Because the will to learn is rooted in ambition and other internal processes and
emerges from teachers’ own initiative, this aspect of professional development shifts from being
an external factor to an internal one (Van Eekelen et al., 2006).

Mushayikwa & Lubben (2009) outlined several factors that drive a teacher’s self-directed
learning, including the desire to strengthen subject content knowledge and to develop more
practical knowledge and skills for a content area. Several participants identified as self-directed
learners, having engaged in professional development to address their own needs. Larkson is a
self-directed learner actively seeking out webinars and other opportunities to grow as a
professional, explaining, “I like to take it upon myself to be more self-directed, and do my own
research on different new initiatives that may be out there.” Lovette describes herself needing to
feel very prepared for a lesson and conducting research on new concepts in order to absorb it.
Locke describes his self-directed learning as, “good old-fashioned searching around” to learn
things on his own. He has even engaged in learning to code by taking a Python course.

To meet the learning needs of her students, who range in age from 5 to 22, Hughes must
be able to decompose computer science concepts into developmentally appropriate and
understandable ways. Holding a certificate in assistive technology, she is skilled at adapting
curriculum to meet the diverse learning contexts and ensure accessibility for all students. She
describes herself as “constantly seeking out more information on computer science for younger
learners” noting that these materials are the most adaptable to her teaching. Hughes regularly
participates in webinars to expand her understanding of computer science concepts and recently
engaged with the PBS Kids learning webinars and a session focused on artificial intelligence.

As a new computer science teacher, Wells had never taught kindergarten before and

described the experience as “very eye-opening.” She initially felt confident in her preparation;
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however, after implementing her first lessons, she realized that additional planning was needed.
Wells reflected on spending evenings researching supplemental curriculum to improve the
following day’s instruction.
Summary of Research Question 2

Research Question 2 examined the relationship between internal and external influences
and their role in participants’ sensemaking. One overarching theme, External and Internal
Factors Shape Teachers’ Preparedness was identified, encompassing several important
dimensions. Most of the external factors fell under the categories of Professional Development
and Messages Received, both of which reflect the formal and informal social interactions central
to sensemaking. Key external components influencing preparedness included the quality of
professional learning opportunities and the clarity of communication. Internal factors also played
a role, shaping perceptions of preparedness through their attitudes toward change initiatives and
technology as well as their engagement in self-directed learning. Together, these internal and
external influences illustrated how participants relied on their own frames of reference and
interacted with external factors throughout the sensemaking process, contributing to their sense
of preparedness.
Research Question 3

How do teachers perceive their preparedness for integrating computer science into the
general elementary education curriculum?

This question explored the ways in which teachers experience and reflect on their sense
of competence to teach computer science. It explored their feelings of self-awareness, and
confidence, as well as any dispositions that influenced their overall sense of competence and

engagement in learning opportunities designed to strengthen it. From this question, one



103

overarching theme emerged, Building Self-Efficacy, which captures how teachers perceive their

preparedness to teach computer science.

Building Self-Efficacy

According to Bandura (1986), self-efficacy refers to an individual’s belief in their

capability to organize and execute the actions necessary to achieve the desired outcomes. In the

context of teaching, it reflects a teacher’s confidence in their capacity to bring about positive

change and facilitate student learning (Grebing et al., 2023). Bandura identified four primary

sources of self-efficacy: mastery experiences, vicarious experiences, social persuasion, and

emotional arousal (Rich et al., 2017; Ryan & Hendry, 2023; Zhou et al., 2022). Participants in

this study described experiences that align with these sources, often with areas of overlap among

them (Table 10).
Table 10

Building Self-Efficacy Sources

Bandura’s Source of

Self-Efficacy Primary Category Secondary Category Explanation

Mastery Experiences Confidence Self-Awareness Successes and reflections build belief in
ability

Vicarious Experiences Training Disposition/Pre- Seeing examples and learning from

Social Persuasion Self-Awareness

Emotional Arousal Disposition/Pre-
disposition

disposition

Training

Confidence

others, shaped by prior experience and
innate interest

Encouragement through professional
development

Emotional state influences confidence
and willingness

Participants identified mastery experiences through moments of success that strengthened

their confidence and reflections deepened their belief in their ability to teach computer science.

Locke recounted a successful lesson connected to the ELA text, Hero’s Journey. In this lesson,
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he and his students analyzed the story’s structure, selected key scenes, and programmed a Sphero
robot to navigate to each scene in the correct order, drawing parallels between sequencing a story
and sequencing an algorithm. Students even programmed the Sphero to display emotional
reactions at specific points in the sequence. Reflecting on this experience, Locke expressed
satisfaction with how he was able to integrate coding into the ELA curriculum and felt confident
in his ability to replicate similar lessons. He also noted areas for improvement, demonstrating
self-awareness and a commitment to strengthening his instructional practice.

Chase also discussed a coding lesson that she implemented with her students to introduce
algorithmic thinking and foundational concepts from the Tennessee Computer Science
Standards. In this activity, students used a virtual Bee Bot — a digital version of the physical Bee
Bot robot that is available on the manufacturer’s website — to navigate correctly through the
sequence of letters that spell their names. They then recorded themselves using the computer’s
built-in camera to explain their process. Reflecting on the experience, Chase identified repetition
as a key factor in building her confidence to teach computer science, noting, “Every time I do
something I’m much more confident in it.” She also shared that when students approached tasks
in unexpected ways, she would ask them to “show me how you did that,” demonstrating her
openness to reciprocal learning and recognition that she can learn from her students as they learn
from her.

Participants engaged with vicarious experiences in a variety of ways, including through
professional training. Wilder credited district-sponsored computer science Planning Days with
strengthening his sense of self-efficacy, noting that feeling prepared is essential for effective
instruction. He described two trainings that were particularly impactful. One early session

featured a “make-and-take” lift-the-flap activity, designed to teach key computer science terms.
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The activity supported computational thinking and vocabulary development by having teachers
match terms with corresponding images and formal definitions before assembling them under the
correct flaps. Wilder explained that this experience helped him clarify the distinction between
algorithm and decomposition, two closely related concepts, and provided a practical classroom
activity he could replicate with his students. In another training, Wilder participated in small
group stations exploring computational thinking concepts. Each station included two activities
focused on a specific concept, followed by group reflection on how these ideas could be
integrated across the curriculum.

Wilder also described feeling particularly confident due to his affinity for computer
science, which he attributed to his upbringing. He was already familiar with software such as
Minecraft, which he now integrates into his teaching practice. Before becoming a computer
science teacher, Wilder taught first-grade. He expressed confidence in incorporating ELA
concepts into his computer science classroom, drawing on his prior teaching experience at that
grade level.

By contrast, Lovette expressed a lower sense of preparedness and self-efficacy regarding
the integration of computer science into the curriculum. Although she holds a master’s degree in
instructional design and technology and demonstrated a clear disposition toward working with
computers, she does not currently integrate computer science regularly into her instruction.
Reflecting on her experience during the COVID-19 pandemic, Lovette recalled feeling “a great
sense of success,” noting, “I found ways to help kids grow and learn from this computer screen
using all these applications, and I just became enthralled with it and felt [ was good at it.”
Despite this enthusiasm and proficiency with technology, Lovette explained that she still needs

additional training and modeling to feel confident integrating computer science concepts into her
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ELA curriculum. She described this as one of the greatest supports she needs, sharing that she
does not yet see a clear connection between ELA content and computer science. Lovette
characterized her level of experience as “emerging” but added, “If we could find a way to
integrate that in our ELA program, I think we’d be rocking and rolling.” While her pandemic
teaching experiences bolstered her general confidence in technology, the practical challenges of
aligning computer science with ELA instruction have tempered her confidence in
implementation.

Social persuasion is another source of self-efficacy that contributed to participants’ sense
of competence and preparedness for teaching computer science. Wells reported feeling confident
most of the time but acknowledged that much of her growth has come through trial and error.
She realistically identified her strengths in working with students in third-grade and up, while
expressing lower confidence with the younger grade levels. Wells described collaborating with
the kindergarten team as particularly challenging and noted that she did not always feel
supported by that group. Early in the year, she accepted the team’s concerns as reasonable given
her limited experience with kindergarten. However, after her initial lessons did not go as
planned, she redesigned them, pushed back on some of the team’s assumptions, and began
asking students what sound a letter made and then challenging them to locate the corresponding
letter on the keyboard worksheet. Although the students had to search for it, they were able to
identify the correct letter on the coloring sheet. Reflecting on this experience, Wells shared, “it
gives you confidence because you know they can do it.”

Wells reported receiving encouragement from her principal and from about 95% of the
teachers at her school. However she emphasized that “the district is where most of my support

comes from.” She attended a few district-sponsored trainings, including the Planning Days
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sessions, which she credited for providing the guidance and support necessary to teach computer
science. Reflecting on their impact, she explained “If I hadn’t been coming to those meetings, |
can honestly say that I would’ve been lost because of everything I’ve taken from the meetings
and brought back to my school.” Although she began teaching computer science in the 2025-
2026 school year, Wells noted a marked increase in her confidence over a short time. She
acknowledged that it is not typically in her nature to share information or share resources
proactively, but when talking with colleagues at another school about passwords, she shared
what she learned from the previous May’s Planning Days, including detailed instructions and
copies of supporting material with them.

Clarke explained that she is working on integrating computer science vocabulary into her
kindergarten instruction but admitted that she struggles to understand how to successfully
integrate it with the existing curriculum. She also noted that she has not received guidance from
school administrators regarding how to implement the plan the team created at the P2P training.
In terms of social persuasion, Clarke described receiving mixed messages, there was an
expectation to create a plan, yet little follow-through or support for enacting it. She reflected, “I
know that I have some responsibility, so I try to find ways to incorporate ideas of computer
science,” and added, “I just know we should be doing something. That should happen. I was part
of a plan, but it just didn’t actually happen on the ground here at my school.” This situation
illustrates how indecision can still constitute a decision, the expectation remains, but the
initiative is effectively placed on the back burner. Clarke has made some attempts at integration,
occasionally finding opportunities to use computer science vocabulary, though such instances are
infrequent. She acknowledged that her sense of preparedness is so limited that she would not

know where to start or how to proceed with her students. Clarke expressed a desire for more
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training to help her understand and practice integration before being expected to teach it. Despite
these challenges, she demonstrated a solid understanding of what computer science entails,
recognizing the distinction between technology integration and computer science. Reflecting on
her teacher preparation program, she recalled being shown what specific subject content looked
like in practice and believes her sense of competence would improve if she were first taught how
to teach computer science.

When Kerr began teaching computer science nine years ago, the focus looked quite
different. At that time, digital literacy skills dominated the curriculum rather than computer
science concepts. Kerr shared, “I’ve always been a quick study when it comes to computers,”
and credited the new Tennessee state standards with helping her realize the need to evolve her
teaching practice. She described her involvement on the Computer Science Steering Committee
as a natural fit because its work naturally aligns with how she teaches students to think critically
and problem solve.

As she explored coding programs, Kerr reflected, “When I think about people who are
computer scientists, I think about people who can write code like Python or Java. Because that is
a foreign language to me, it always scared me. However, seeing how you can code with blocks
made more sense to me.” Kerr also identified several experiences that have contributed to her
confidence and willingness to continue learning. Building a network of computer science
teachers has been instrumental, giving her a community to lean on and learn from. Her
confidence has grown substantially through her classroom successes and her role in helping to
train other teachers. She also engages in ongoing, self-directed professional learning by

experimenting with the same digital platforms she introduces to her students. As she explained,
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“Just seeing the successes built my confidence. Even if not everybody fully understands it, at
least they are trying and that is what I want them to do.”

Stone credited her teacher preparation program with shaping her disposition toward new
initiatives. Although her exposure to computer science concepts has been limited, she believes
her traditional teacher training provided the foundational knowledge needed to adapt to change.

“I feel that people who went the traditional teacher training route

have less of a learning curve. There is still plenty to learn, but we at

least have some background knowledge about basic teaching, so

when something new comes along, I can connect it to things [’ve

done before. So it’s easier to implement new initiatives, especially

since education cycles through ideas.”
Her graduate program further helped her expand her instructional toolbox and learn to
collaborate with others around new teaching concepts. These experiences have strengthened her
overall confidence in adapting to new initiatives.

However, when speaking specifically about computer science, Stone expressed
uncertainty, “I don’t feel like I have enough of an understanding about what computer science is
asking students and what tool to give students to teach it effectively.” She finds the guidance
from the state and district unclear, leaving her uncertain about what computer science instruction
should look like on a daily basis. As a result, Stone’s confidence in teaching computer science
remains low, particularly because she does not see clear connections between computer science
and the curriculum she teachers. She believes her confidence would increase if the district
provided professional development demonstrating how computer science can be integrated into
existing curriculum. Additionally, she emphasized the need for clearer parameters, noting that
current messaging discourages changes to the established curriculum. Stone also suggested that

the district create a shared digital space, such as Schoology or Sharepoint, where teachers can

access and share computer science integration resources.
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Each participant was asked to rate their sense of preparedness on a scale of one to five,
with one representing the least prepared and five representing the most prepared. One
participant, Hughes, found it difficult to assign a single numerical rating because her sense of
preparedness differs across the grade levels she teaches. She explained that her confidence is
very high when teaching students with severe disabilities at the Pre-K level and remains strong
when teaching grades K-2. However, was less confident working with students beyond that
range. Hughes noted that she feels prepared to teach her middle school students with disabilities,
but not “typical” middle school or high school students. Consequently, her data was excluded
from the overall preparedness rating results.

The overall results revealed an average preparedness rating of 2.8 (Table 11). However,
when disaggregated by role, notable differences emerged. Computer science teachers rated
themselves significantly higher than non-computer science teachers, with an average score of 3.6
compared to 2.5 for non-computer science teachers, a difference of more than a full point. Those
computer science teachers with the endorsement also rated themselves higher than those non-
computer science teachers with the endorsement. Wells was excluded from these comparisons
because she is a computer science teacher without the endorsement, which was not part of the
criteria for this comparison. Given the participants’ reported experiences and their teaching roles
it is not surprising that computer science teachers would have a greater sense of preparedness.

Finally, differences between veteran and the novice computer science teachers were
modest, varying only by two-tenths of a point. This slight gap likely reflects the advantages of
experience, as veteran teachers possess a broader base of knowledge and richer set of resources
to draw upon. Hughes captured this sentiment, stating, “The more resources and the more

information you have, the more prepared you should feel.”
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Preparedness Rating Results
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Veteran
Preparedness (O\) Non-CS CS & Non-CS & (O\) Novice CS
Teacher Rating Teacher Teacher Endorsed endorsed Teacher Teacher
Wells 3 3 3
Larkson 3 3 3
Clarke 1 1
Wilder 3.75 3.75 3.75 3.75
Locke 4 4 4 4
Lovette 1 1
Kerr 3.8 3.8 3.8 3.8
Chase 4 4 4
Stone 2 2
Totals 2.8 3.6 2.2 3.9 3.5 3.8 3.6

When comparing the ratings of computer science teachers to those of non-computer

science teachers, there is one major difference stands out - sustained ongoing professional

development. Computer science teachers participate in quarterly trainings that include

instructional modeling, integration with the ELA curriculum, and exploration of available

resources. Through these opportunities they continually engage in the iterative process of

sensemaking. Although these trainings are also available to non-computer science teachers, they

are not attending them, and therefore their sensemaking is not being shaped in the same way.

Another distinction exists between the computer science teachers with an endorsement

and those without one. The most notable difference between these groups is that the computer

science teachers focus primarily on that single content area. While they may integrate with ELA

or other subjects, their central focus remains on computer science instruction. In contrast, the two

non-computer science teachers with an endorsement are both fifth-grade teachers who teach

specific content. They do not have the opportunity to teach, reflect, and re-reach computer

science content daily, as their instructional time is dedicated to another content area.
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Finally, a modest difference appeared between veteran and novice computer science
teachers regarding to their perceived preparedness. One might expect the veteran computer
science teacher to rate higher since due to greater experience with the content area; however, this
finding should be interpreted cautiously, as only one veteran computer science teacher’s data was
included in the analysis.

Summary of Research Question 3

This research question examined the theme of self-efficacy and the various ways in
which teachers assess their own sense of competence. Self-awareness emerged as a key factor
influencing participants’ confidence in integrating computer science. Professional development
was particularly significant in shaping teachers’ sense of preparedness. Participants who engaged
in computer science professional learning attributed their confidence to successfully applying
what they had learned in practice. Conversely, those who reported lower levels of confidence
also expressed a greater need for professional development that provided clear, classroom-based
models of implementation. Participants’ self-assessments revealed differences in perceived
preparedness, with computer science teachers demonstrating higher levels of confidence than
their non-computer science counterparts. These findings reflect the outcomes of sensemaking,
the iterative process through which teachers develop the deep understanding necessary to
implement change effectively.

Summary of Findings

Across all three research questions, the findings revealed that sensemaking of the
computer science change initiative unfolds as a gradual, iterative process that involves
developing foundational understandings, responding to external and internal influences, and

building self-efficacy. Educators engaged with the process from multiple entry points based on



113

their prior experiences. More experienced educators began with a deeper understanding and
refined their practice as they encountered new information about the change initiative, whereas
less experienced teachers relied initially upon familiar approaches and gradually expanded their
knowledge and confidence over time. These findings provide the foundation for interpreting how
teachers make sense of change and lay the groundwork for interpretation and implications

discussed further in Chapter 5.
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Chapter V: Discussion and Conclusions
Introduction

Computer science education has gained significant attention over the last ten years, and
its integration into the K-12 curriculum is becoming increasingly widespread (Grove & Pea,
2018; Code.org, CSTA, ECEP Alliance, 2022). In Tennessee, the implementation of new
computer science standards in the elementary curriculum was mandated to begin in the 2024-
2025 academic year (TN DOE, 2022). For successful implementation, districts needed to
understand the scope of these changes and provide teachers with time and support to make sense
of the initiative. Sensemaking offers a valuable framework for understanding how educators
interpret and respond to change. It is an iterative process through which educators construct
meaning in ambiguous contexts, such as the integration of computer science into the elementary
general education curriculum (Klein, 2007; Mills et al., 2010). Engaging in sensemaking enables
teachers to develop concrete understandings of abstract concepts by interpreting both the external
and internal inputs which in turn significantly influence the success of implementation (Dervin et
al., 2008; Mills et al., 2010; Pirolli, 2011; Ancona, 2012; Stollman et al., 2020).

The purpose of this qualitative study was to explore the perceptions and experiences of
elementary general education teachers regarding their capacity to integrate computer science into
their curriculum. The data collected came from semi-structured interviews with ten teachers each
participating in an individual interview. The interviews sought to examine how teachers made
sense of a new curricular initiative, specifically, the integration of computer science. This chapter
presents the study’s conclusions, discusses potential implications, offers recommendations for

future research, and identifies the study’s limitations
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Summary of Findings

This study sought to explore how teachers understand the integration of computer science
into the elementary general education curriculum, the factors that influence their perceptions, and
the perceptions of their preparedness. Through in-depth interviews, the findings revealed that
sensemaking is an iterative process that unfolds gradually over time. It involves creating clarity
out of ambiguity through both formal and informal social interactions. Across all three research
questions, the data converged to tell a consistent story: sensemaking occurred as educators
engaged with the change initiative by reflecting on their prior understandings, participating in
professional development, and drawing on successful experiences that strengthened their self-
efficacy.

Research Question 1 explored how teachers understood and experienced computer
science integration. The findings demonstrated that educators began the sensemaking process by
developing foundational understandings based on their prior knowledge and experience with
computers. They engaged with instructional guidance designed to introduce policy, standards,
and the practical realities of implementation. Teachers make sense of new initiatives more
successfully when districts help them connect abstract expectations to concrete classroom-based
meaning.

Research Question 2 examined the relationship between external and internal influences
and their role in participants’ sensemaking. Participants identified that their sensemaking as
shaped through both formal and informal social interactions. Their understanding reflected
experiences with professional development, the messages they received from school and district
leadership, and their attitudes toward change, technology, and self-directed learning. Teachers’

sense of preparedness for computer science implementation can be increased by districts that
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encourage collaboration among educators and recognize the unique perspectives and life
experiences that influence their willingness to adapt.

Research Question 3 focused on how teachers experienced and reflected on their sense of
competence in implementing computer science into their curriculum. Teachers evaluated their
self-awareness and confidence regarding computer science integration. Those who reported a
higher sense of competence described positive experiences with professional development that
met their needs. In contrast, teachers who expressed lower confidence often cited a lack of
guidance or insufficient professional development to help them understand integration
effectively. Teachers understand and feel more confident integrating computer science when
districts provide clear instructions connecting professional development to the curriculum
teachers are using.

Together these findings illustrate the cyclical nature of sensemaking for the computer
science integration initiative. Teachers interpret new initiatives through the lens of their prior
experiences, they refine their understanding through social interactions, and internalize their
learning in terms of self-efficacy and competence. This process of interpret, refine, and
internalize aligns with existing research and provides a roadmap for understanding how
sensemaking unfolds during an educational change. Rather than prescribing what districts should
do, these findings highlight why it matters to create conditions that support teachers’ ongoing
meaning-making.

Discussion of Findings
Research Question 1
How do elementary teachers understand and experience computer science integration into their

general education curriculum?
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The findings from this study demonstrated that teachers made sense of new initiatives
through the lens of prior knowledge or experience with computers, implementing new policies
into existing frameworks, and discovering challenges that shape as the process of sensemaking
unfolds. In education, sensemaking is triggered by new or ambiguous situations often created by
legislative mandates. Three key themes emerged in response to this question: Understanding
Begins with Core Concepts, Instructional Guidance, and Practical Realities of Computer Science
Implementation.

Understanding Begins with Core Concepts was evident across all participants in this
study. The definitions they provided shared common ideas, emphasizing the cognitive aspect of
computer science with focus on thinking and problem-solving, and innovation, as well as its use
as a tool for accomplishing tasks. Participants also grounded their understanding of computer
science by relying on their prior experiences. Notably, veteran computer science teachers
described their understanding as an evolution, from what was once primarily viewed as digital
literacy skills to the problem-solving applications used today. In contrast, teachers who were
newly responsible for integrating computer science and had limited experience tended to define
it more concretely, focusing on the physical act of using a computer. As Chase reflected, “you
have to start from somewhere,” illustrating that sensemaking begins with existing knowledge.
Similarly, Kerr recalled that when she first began teaching computer science, her primary goal
was to help students navigate a computer. This progression aligns with what is known about the
role of schema in policy implementation, how educators use prior knowledge to process new
information and deepen understanding (Spillane et al., 2002). It also reflects the sensemaking
process described by Luttenberg et al. (2013), in which teachers interpret an innovation through

their personal frame of reference. These findings support the broader research on teacher
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sensemaking by emphasizing that the process provides an entry point that resonates with
teachers’ existing understandings of a change initiative (Weick et al., 2005). When districts
intentionally meet teachers where they are, they create a foundation for connecting abstract
concepts with concrete understandings needed for successful implementation.

The theme Instructional Guidance illustrated how participants needed assistance in
navigating the new initiative through formal, ongoing training. Interpretation of new policies and
standards cannot be left up to teachers to interpret in isolation. This is particularly salient given
that teachers begin new initiatives from varying points of understanding, and insufficient
knowledge can interfere with their ability to construct understanding (Spillane, 2002). Chase
explained that the computer science standards she already understood were easy to implement
but those that she has “not figured out yet” would require additional time.

Her comments underscored an important distinction, as a math teacher, she is deeply
familiar and comfortable with math standards, but less so with computer science standards. Over
time, her experience with math standards fostered both competence and confidence, while
computer science remains less central to her professional identity. The same was true for
Lovette, who, when asked how her understanding influenced how she viewed herself as a
computer science teacher, revealed that she primarily identified as an EL teacher and a fourth-
grade teacher, but not as a computer science teacher. It is understandable then, that developing
deep understanding is not high on their list of priorities. Their perspectives align with Firestone’s
(1989) assertion that teachers may selectively attend to standards that align with their own
interests and areas of expertise. These findings reinforced existing literature about teacher
sensemaking by illustrating that understanding how sensemaking occurs offers crucial insight

into the cognitive and contextual processes that shape teachers’ engagement with change
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initiatives (Blignaut, 2008). This viewpoint reinforces the view that teachers interpret new
initiatives through prior knowledge, experiences, and professional identities, highlighting the
importance of aligning implementation with existing frameworks for understanding.

The theme Instructional Guidance demonstrated the importance of providing teachers
with sustained, structured support as they learn to navigate the computer science initiative. Yet
even with guidance, teachers encountered the complex, day-to-day realities of bringing the
initiative to life in their classrooms. As participants engaged with the new expectations, they
described obstacles that complicated implementation and revealed how systemic constraints
interacted with individual sensemaking. From these narratives, the theme Practical Realities of
Implementation emerged.

Participants described a wide range of engagement with the initiative, from fully adopting
the computer science standards, to teaching foundational digital skills, to introducing related
vocabulary, to not implementing at all. Because teachers began from different entry points, their
implementation varied accordingly, contributing to uneven implementation across the district.

Several factors were cited as barriers to successful implementation of computer science,
with lack of buy-in and time emerging as the most significant. Among computer science
designated teachers, lack of buy-in was often attributed to minimal support from colleagues.
Wilder, Wells, and Hughes all observed that computer science, as a related arts subject, is not
perceived as holding the same importance as core content areas, a perception they viewed as
central to the buy-in issue. In contrast, Stone, Lovette, and Clarke described tensions between
district guidance to adhere strictly to the ELA curriculum and the expectation to integrate
computer science. They explained that they neither saw clear connections between computer

science and ELA nor received guidance on where or how to modify the ELA curriculum to
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incorporate it. This finding suggests that the initiative lacked sufficient clarity and flexibility,
placing the burden of adaptation on teachers (Schmidt & Datnow, 2005). The interaction
between the initiative’s design and teachers’ sensemaking underscores the need for greater
support in helping teachers interpret and apply new initiatives within their unique contexts.
Implementation, like sensemaking, is a gradual and iterative process. Participants noted
finding time to engage meaningfully with an initiative that was both new and, for some, not yet
professionally relevant. Teachers must carve out time to integrate computer science into existing
curricula, an especially difficult task when ELA and Math blocks are tightly prescribed. Even for
computer science teachers, time constraints limited the depth of implementation. In most
schools, computer science instruction occurs within the related arts rotation, typically ranging
from once per week to once every six to ten days, depending on school size. As a result, students
received only about twenty to thirty hours of computer science instruction per year, forcing
teachers to prioritize which standards to address. For meaningful change to occur, teachers must
be given the time and space to make sense of the initiative. The findings of this study affirmed
research on the gradual and iterative nature of educational change, reinforcing that teachers
require time and space to engage in the full process of sensemaking. Such time is essential
because it allows teachers to interpret new expectations, refine their understanding through
collaboration and practice, and internalize what implementation looks like in their own
classrooms.
Research Question 2
What factors influence teachers’ perceptions of their preparedness for integrating computer

science into the general elementary education curriculum?



121

The participants demonstrated that sensemaking is shaped through social interactions,
both formal and informal. These interactions were influenced by a combination of external and
internal factors that affected how teachers interpreted and responded to the computer science
initiative. One key theme emerged from this question: External and Internal Factors Shape
Teachers’ Preparedness.

External factors played a key role in participant’s sensemaking because they provided the
context, information, and social interactions teachers relied on to interpret the computer science
integration initiative. Participants described professional development, networking, and
messages they received from others as influential in shaping how they understood and enacted
implementation. Most participants viewed professional development positively, noting that it
clarified expectations and strengthened their confidence. Hughes credited her involvement with
the Computer Science Steering Committee as having, “given me more knowledge; otherwise I
probably would not have a whole lot of that,” demonstrating how external experiences expand
teachers’ understanding and reinforce their ability. This highlights the power of the social
component of sensemaking as both an individual and collective activity (Coburn, 2002).

Participants also placed a high value on the messages they received from leaders and
other stakeholders because those communications signaled the priority assigned to the initiative.
In particular, non-computer science teachers expressed uncertainty about how to proceed with
implementation, citing mixed messages from administrators. This ambiguity slowed their
engagement with the initiative. These finding aligns with broader research showing that when
teachers receive unclear or competing messages, more ambiguity is injected into the

sensemaking process and hinders action (Allen & Penuel, 2015). Overall, these findings
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emphasize that external factors shape not only what teachers know, but also how they interpret,
prioritize, and act on change initiatives (Mills et al., 2010; Allen, 2023).

Participants also engaged with internal factors as part of their sensemaking process, as
these reflect teachers’ beliefs and motivations, which shape how they interpret new expectations
and determine the extent to which they engage with implementation efforts (Fives & Buehl,
2016; Clayback, 2022). Most participants demonstrated positive attitudes toward change and
technology, recognizing the growing importance of computer science in everyday life. As
Larkson stated, “You really want to embrace those computer science integrations because it is
where we’re headed and we want our students to be equipped with it.” Such beliefs are powerful
drivers of sensemaking because they influence teachers’ interpretations, how they assign
meaning, and the confidence with which they act on new initiatives (Ancona, 2012; Fives &
Buehl, 2016).

Additionally, participants, reported engaging in self-directed learning related to the
computer science integration initiative. Wells admitted, “I do a lot of research on my own,”
adding, “I would go home at night and dig deeper.” This form of intrinsically motivated
professional development exemplifies how internal factors fuel ongoing learning and reinforce
teachers’ belief in their capacity to implement change. These findings align with broader
research showing that sensemaking, as a social process, draws on both external and internal
sources of information to interpret new expectations and construct shared meaning (Ancona,
2012; Gawlik, 2015). Taken together, external and internal factors enable teachers to translate
understanding into action, and contribute to a shared districtwide vision of the change initiative

(Lowell et al., 2024)
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Research Question 3
How do teachers perceive their preparedness for integrating computer science into the general
elementary education curriculum?

The findings demonstrated participants’ sense of self-efficacy to implement change.
Their confidence and competence were shaped by self-awareness, dispositions, and engagement
in learning opportunities. From this question, one overarching theme emerged: Building Self-
Efficacy.

Participants’ sense of self-efficacy was examined through Bandura’s (1986) four sources
of self-efficacy — mastery experiences, vicarious experiences, social persuasion, and emotional
arousal. Each source reflected factors that shaped how teachers perceived their own capacity to
engage with the computer science integration initiatives. This sense of self-efficacy is critical
because it influences how teachers interpret new expectations, persist through challenges, and
decide which practices to adopt in their classrooms.

Mastery experiences included successful implementation of computer science lessons and
reflective practice. Positive outcomes from these lessons strengthened teachers’ confidence and
reinforced their belief that they could meet the expectations of the initiative. Teachers built their
sense of self-efficacy with each successful mastery experience (Rich et al., 2017; Zhou et al.,
2022).

Vicarious experiences emerged through professional learning and personal interest in
computer science. Opportunities to learn from modeling, common during Planning Days,
allowed teachers to envision success, while an intrinsic comfort with technology, as Wilder

described, further lowered barriers to implementation.
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Social persuasion operated through encouragement and professional support. Wells, for
example, cited the collective backing of her school community as reinforcing her confidence to
continue computer science integration.

Finally, emotional arousal reflected the confidence and optimism that accompany
readiness for change. Stone connected her traditional teacher training with the belief that she
could adapt successfully to new initiatives.

Together, these sources explain why self-efficacy matters for sensemaking: when
teachers experience success, observe effective models, receive encouragement, and feel
emotionally ready, they are more likely to interpret change initiatives positively and engage in
sustained implementation. These findings reinforce that building self-efficacy provides the
foundation for teachers to make sense of, and act upon, educational change.

Synthesis Across Research Questions

The findings from this study highlight the iterative, social nature of sensemaking during a
change initiative. Each research question examined a different phase of this process: the
interpretation of a new initiative (RQ1), the external and internal factors that refine perceptions
of preparedness (RQ2), and the internal assessment of one’s preparedness (RQ3). A consistent
narrative emerged: teacher’s enter the sensemaking process with varying levels of understanding
that are shaped by external and internal influences, ultimately leading to an internal evaluation of
their readiness to implement the change initiative.

For RQ1, participants demonstrated varying levels of understanding about computer
science. For example, Hughes exhibited a thorough understanding of the policy, while Stone
reported having little to no understanding. Findings from RQ2 revealed that social interactions

play a pivotal role in shaping teachers’ sense of preparedness. Teachers engaged with both
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external and internal factors to deepen their understanding and readiness. RQ3 affirmed that
successful experiences enhance self-efficacy, further strengthening teachers’ confidence in
adopting the change initiative.

These findings align with the literature on sensemaking and educational change, which
emphasizes how teachers construct meaning as they seek to bring order to ambiguity and
uncertainty (Weick, 1995; Spillane, 2002). This study extends that understanding by
underscoring the importance of intentional supports that address uncertainty and foster teacher
sensemaking. District leaders who deliberately provide opportunities for teachers to interpret
change in relation to prior knowledge, refine understanding through collaborative interactions,
and create reflection experiences to internalize successes to build self-efficacy are more likely to
see initiatives implemented with clarity and fidelity. Such an approach holds promise not only
for computer science integration but also for broader change efforts requiring teachers to adopt
new and unfamiliar practices.

Connections Between Emerging Themes and Existing Literature

These findings affirm that sensemaking is an iterative and social process involving
interpretation and construction of meaning that unfolds when ambiguous or unclear situations
arise in education, requiring participants to rely upon external and internal factors to tie abstract
and concrete ideas together with the intention of implementing new initiatives. These findings
are supported by a robust body of educational leadership research. The visual model below
illustrates the alignment of theme ideas with literature on sensemaking, educational change, and
self-efficacy. The visual model is organized to represent the dynamic process and multi-

dimensional aspect of sensemaking.
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The organization reflects Interpret 2 Refine = Internalize, a model consistent with
sensemaking theory. The Interpret phase is the cognitive beginning of sensemaking where
individuals find their entry point to the process. Teachers anchor new information in prior
knowledge (Weick, 1995, Spillane et al., 2002). In the Refine phase, understanding evolves
through social interaction, collaboration, and professional learning (Firestone, 1989; Cohen &
Ball, 1990; Weick, 1995; Spillane, 2002; Coburn, 2005; Fullan, 2016; Darling-Hammond,
2017;). Finally, in the Internalize phase, teachers embed understanding in the belief that they can
successfully enact new initiatives, sustained through systemic structures that reinforce and
validate that confidence (Bandura, 1986; Firestone, 1989; Fullan, 2016; Darling-Hammond,
2017). This progression illustrates how individual and collective sensemaking becomes
sustainable change in a cohesive system. Figure 2 provides a visual understanding of Interpret 2>

Refine 2 Internalize with their corresponding theories.

Refine

Social

Interpret
Cognitive

Coburn, 2005

Firestone, 1989
Cohen & Ball, 1990
Fullan, 2016
Darling-Hammond, 2017
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Internalize
Self-Efficacy/

Systemic Coherence

Figure 2: Interpret PRefine DInternalize & Theories
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Recommendations for Practice

Computer science education has been mandated in many states across the United States;
however, a persistent shortage of qualified computer science teachers poses a significant
challenge to implementation, and Tennessee is no exception (Mason & Rich, 2019).
Consequently, the integration of computer science into the general education curriculum,
particularly in elementary schools, will primarily fall to in-service teachers. Unfortunately, most
teacher preparation programs do not include computer science coursework or endorsements,
leaving districts reliant on professional development initiatives to fill this gap (Vegas et al.,
2022).

A well-prepared and knowledgeable teacher remains the cornerstone of effective
instruction, yet identifying who will teach computer science highlights the complexity of this
integration effort. Because teachers cannot effectively teach content they do not fully understand,
districts must be deliberate in the design and delivery of professional learning for computer
science integration. Recognizing the iterative nature of sensemaking, the following
recommendations are offered to guide districts in supporting teachers as they interpret, refine,
and internalize this change initiative.

Structured Interpretation

Understanding and implementing change is accomplished through the iterative process of
sensemaking (Russell et al., 1993; Pirolli, 2011). This process takes time as teachers make sense
of new information in relation to their existing beliefs and experiences (Spillane, 2002; El-
Hamamsy et al., 2020). Initially, teachers will interpret a change initiative through their personal
frame of reference, often focusing on aspects that align with their own area of experience

(Firestone, 1989; Luttenberg et al., 2013). When districts introduce a new initiative, especially
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one that requires engagement with new or unfamiliar content, they should intentionally design
the early stages to support teachers’ interpretation of the change. Structuring these opportunities
as teacher-led promotes shared ownership and collective buy-in, both of which are strong
predictors of successful implementation (Grebing et al., 2023).

For example, one participant in the study, Lovette, shared that she attended the P2P
training, not because she understood its purpose but because her principal needed a team, and she
“liked computers”. Her experience underscores the importance of guided sensemaking activities
that explicitly communicate the “how” and the “why” of the initiative. Such activities can
structure teachers’ initial interpretations, helping them construct meaning and connect the
initiative to their existing knowledge and classroom practice (Weick, 1995; Spillane et al., 2002).
Enhance Social Frameworks

Sensemaking is an inherently social process that relies on interactions with administrators
and colleagues to develop a shared understanding of the reform’s importance. (Coburn, 2001;
Weick et al., 2005; Mills et al., 2010; Ancona, 2012; Luttenberg et al., 2013; Siciliano et al.,
2017: Lowell et al., 2024). Social networks have a significant influence on how teachers engage
with one another, often shaping and aligning individual beliefs with those of their peers
(Siciliano et al., 2017). Kerr emphasized the value of collaboration, noting that her participation
on the Computer Science Steering Committee was essential to her understanding because it gave
her colleagues to “bounce ideas off of”. Her reflection affirmed the importance of establishing
professional learning communities (PLCs) or “integration teams” where educators can
collaboratively plan, share, and reflect.

In addition, non-computer science teachers identified a need for vicarious experiences

that include modeling what integration should look like in the classroom. Providing opportunities
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for peer observation or co-teaching enables teachers to learn from others’ expertise and gain
insights into effective instructional strategies for the initiative. Districts might also consider
designating computer science coaches who can provide ongoing, job-embedded feedback and
guidance. These strategies align with Bandura’s (1986) concepts of social persuasion and
vicarious experiences as key contributors to teacher self-efficacy and they reinforce the refine
phase of sensemaking, in which understanding is deepened through social interaction (Weick,
1995).

Reflect for Self-Efficacy

Self-efficacy is a critical factor influencing teachers’ motivation to implement a change
(Lee & Min, 2017). It reflects one’s belief in their capacity to affect positive change and achieve
desired results (Grebing et al., 2013). Learning becomes internalized through reflection, as
teachers evaluate their experiences and adjust their practice accordingly. For instance, Wells
described teaching a lesson she believed she was well prepared for, only to later reflect on areas
for improvement. She then engaged in self-directed learning to improve her lesson for the
following day. This example illustrates how structured reflection tools, such as implementation
journals, digital portfolios and teacher exemplars, can facilitate the internalization process and
strengthen self-efficacy.

Districts may also consider developing self-assessment instruments for teachers to reflect
on their own skills and comfort levels related to computer science standards. Additionally,
confidence scales can be used to measure teachers’ perceived self-efficacy following
instructional delivery. Self-assessment and reflection promote internalization, reinforcing

mastery experiences that cultivate stronger self-efficacy (Bandura, 1986).
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Differentiate Professional Development

Effective professional development programs are essential because they will serve as the
intermediary between implementation and classroom practice (Kong et al., 2020). Such programs
play a critical role in supporting teachers as they adopt and implement new curricula (EI-
Hamamsy et al., 2020). Districts must consider both what educators need to know and how best
to deliver training so that enables successful integration into existing instructional frameworks.
Given teachers’ diverse levels of experience, assuming a uniform perception of change can be
counterproductive; differentiated support is therefore crucial for successful implementation
(Hall, 1992).

Districts should design tiered professional development that acknowledges teachers’
varying levels of computer science understanding. For example, entry-level sessions might focus
on introducing non-computer science teachers to computational thinking and practical cross-
curricular applications, while advanced training can provide computer science teachers with
deeper content knowledge and integration strategies. Because teachers begin the sensemaking
process from different starting points, these differentiated approaches ensure equitable access to
learning opportunities and foster engagement by meeting teachers where they are in both
understanding and confidence.

Communicate Clearly

District stakeholders play a critical role in curricular adoption by providing teachers with
clear expectations, direction, and ongoing support (Spillane et al., 2002; Porter et al., 2015).
When communication is inconsistent or unclear, teachers may experience uncertainty about
implementation, leading to confusion regarding how to carry out the initiative (Allen & Penuel,

2015). For example, Stone expressed uncertainty about what computer science instruction should
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look like, how it connects to her existing curriculum, and how it should be implemented. Her
experience illustrated the need for districts to ensure alignment in communication among district
leaders, administrators, and other stakeholders, to avoid mixed messages.

To promote coherence, districts should develop a clear implementation roadmap
outlining expectations, available supports, and success indicators. In some cases, teachers
appeared to understood policy expectations, but did not receive consistent communication or
reinforcement from their administrators. Providing administrators with targeted training can help
them interpret and reinforce the goals of the computer science initiative. Reducing ambiguity
supports clarity and coherence, essential conditions for effective sensemaking and sustained
change (Firestone, 1989; Coburn, 2005).

Cultivate a Culture of Continuous Growth

The sensemaking process involves the continual reinterpretation of a change initiative as
individuals and groups construct new meaning over time (Weick, 1995). To achieve the goals of
such initiatives, it is important to build teachers’ capacity to engage in tasks they have not
previously been asked to do (Darling-Hammond, 2005). Success lies in shifting the collective
mindset to embrace and sustain the new initiative (Fullan, 2016). One effective way to shift
collective mindsets is to embed computer science in schoolwide professional learning. While
these trainings originate at the building level, they signal a heightened sense of priority and
collective responsibility. The approach conveys a clear message about the importance of the
initiative while fostering ongoing professional growth that aligns with the interpret > refine >
internalize model of sensemaking. Additionally, publicly recognizing teachers who take
initiative in computer science integration as leaders or change agents can further cultivate a

culture of innovation and encourage others to take professional risks. When innovation, risk-
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taking, and continuous professional growth are intentionally reinforced, meaningful and
sustainable change becomes possible (Fullan, 2016; Darling-Hammond, 2017).
Recommendations for Policy

While the intention of the computer science integration initiative was meant to
complement existing instruction in the elementary general education classroom, it was often
perceived as adding another content area to an already full curriculum. Furthermore, the
initiative requires significant time for teachers to engage in sensemaking and develop a deep
understanding of computer science concepts. Given the existence of a K-12 endorsement
pathway, and the fact that both computer science and non-computer science teachers now hold
the endorsement, the state should consider requiring a fully-endorsed computer science teacher
as part of the related arts rotation. Currently, implementation across the district lacks consistency
in both instructional time and content coverage. Requiring computer science as a related arts
subject would promote more equitable implementation and ensure full adoption of the standards.
Recommendations for Future Research

This research can be extended to explore additional dimensions of sensemaking and
computer science integration that were not explored in depth in this study. From the findings,
several areas of interest emerged that warrant further investigation. The following five topics
stem from ideas closely connected to this research and offer potential directions for future study.
Formal Teacher Networking Groups

Several participants in this study who served on the Computer Science Steering
Committee demonstrated notably stronger self-efficacy and deeper understanding of computer
science integration compared to those that did not participate in that committee. Although the

committee has been established for less than two years, its members consistently attributed their
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confidence and preparedness to their involvement in this collaborative group. Future research
could explore whether other content specific professional networks, such as professional learning
communities (PLCs), yield similar effects on teacher sensemaking during change initiatives?
Additional inquiry might examine how vertical alignment efforts within these group influence
sensemaking across grade bands? Studying this work at scale could provide valuable insights for
district leaders seeking to strengthen teacher networks and cultivate educators as agents of
change.
Sensemaking for Administrators

Future research could examine how administrators make sense of new initiatives,
particularly when they are faced with multiple competing priorities. Participants in the present
study described receiving mixed messages from their building administrators regarding both the
implementation timeline and the perceived priority of the computer science initiative. This raises
important questions about the root causes of these inconsistencies and the ways in which
administrators themselves experience the implementation process. The computer science
integration initiative followed closely after the first year of a new, scripted ELA curriculum,
potentially creating capacity challenges for administrators responsible for leading both efforts.
Exploring how administrators navigate these overlapping reforms could help districts identify
effective strategies for preparing and supporting building level leaders as they guide teachers
through future change initiatives.
Scripted Curriculum

Participants in this study reported challenges integrating computer science into a scripted
curriculum that allows little to no flexibility and requires strict adherence to pacing and content

fidelity. This rigidity poses a significant barrier to implementing new initiatives. Future research
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could explore how teachers engage in sensemaking when attempting to integrate innovative
content within such constrained instructional frameworks. Additionally, examining how
district-level staff responsible for new initiatives collaborate with those overseeing existing
curricula could reveal strategies for aligning innovation with established expectations. Findings
from this line of inquiry could inform how scripted curricula might be adapted or supplemented
to support educational innovation while maintaining instructional integrity.
Longitudinal Study

This study included participants that entered the sensemaking process at different stages
of understanding computer science. Most the non-computer science teachers reported their only
formal exposure to professional learning was through the initial P2P training, with the exception
of two participants who later earned their computer science endorsement. In contrast, computer
science teachers participated in quarterly Planning Days — sessions open to all teachers - which
provided ongoing opportunities for collaboration and growth. Future research could follow this
group of educators longitudinally to gain deeper insight into how their sensemaking evolves over
time and the factors that influence its development. Additionally, examining the effects of
requiring all participants to attend Planning Days could help determine how consistent, content-
specific professional development shapes teachers’ sensemaking and implementation of the
computer science initiative.
Additional Participants

This study focused on a small group of educators within a single state where the
computer science integration initiative was introduced. Including both computer science and
non-computer science teachers provided valuable comparative insights; however, expanding the

participant pool could yield broader understanding of the phenomenon. Future research could
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include a larger more diverse sample of teachers across multiple districts, states, or even
nationally. Such an expansion would allow for stronger comparisons between teacher groups and
offer a more comprehensive understanding of how sensemaking occurs around computer science
integration initiatives. The findings could also inform best practices for supporting teachers and
sustaining implementation efforts across varied educational contexts.
Limitations of the Study

One limitation of this study related to participant selection. Although the participants
offered valuable insights, the candidate pool was limited by parameters established by the
district. Including a larger number of non-computer science teachers may have yielded additional
perspectives on sensemaking and implementation. Another limitation was the relatively low
engagement in the computer science initiative among non-computer science teachers. Several
participants were unable to reflect on computer science lessons because they had not
implemented them. Finally, administrators were not included in this study; their perspectives on
sensemaking and policy implementation could have offered important insights. Collectively,
these limitations suggest opportunities for deeper understanding of how computer science is
implemented and interpreted across different roles within the school system.
Conclusion

This study explored how teachers made sense of the computer science integration
initiative, drawing on their prior knowledge, the factors that influenced their perceptions of
preparedness, and their own assessment of their readiness for implementation. Participants
described turning first to their existing knowledge as a foundation for understanding the
initiative, emphasizing the critical role of both external and internal factors in shaping their

sensemaking. These influences informed their self-efficacy and perceptions of preparedness for
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implementation. The findings reinforce existing research on the iterative nature of sensemaking,
importance of targeted professional development, and the role of self-efficacy in change
initiatives. Participants’ reflections demonstrated the need for clear, cohesive communication
about policy changes and ongoing support for professional learning and implementation.

The results of this study highlight the importance of meeting teachers at their entry point
to sensemaking, offering professional development that accounts for the constraints of scripted
curricula, providing networking opportunities, and fostering experiences that build self-efficacy.
These findings reaffirm that sensemaking is an iterative process that unfolds over time and is
strengthened through continued professional growth aligned with the interpret = refine >
internalize model. The study also illustrates how sensemaking matters, underscoring the need for
intentional structures that promote ongoing meaning-making an sustained understanding.

Future research should continue to investigate how sensemaking occurs around new
initiatives and how these initiatives are incorporated into existing curricula, including scripted
programs. As schools continue to face shortages of qualified, computer science-endorsed
teachers, providing all teachers with opportunities to expand their knowledge, skills, and
confidence will be increasingly critical if states continue to mandate computer science
integration into the general education curriculum. District leaders can use these insights to design
implementation plans that strengthen teacher understanding, build capacity, and support ongoing

professional development.
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Appendix A

Interview Protocol

Participant Name:

Date of Interview:

Time Interview Began:
Time Interview Concluded:
Participant Pseudonym:
Participant Information:

Interviewer (I):

Thank you for participating in this study. As a reminder, the purpose of this qualitative study is
to explore the perceptions and experiences of elementary general education teachers regarding
their capacity to integrate computer science into their curriculum. The study aims to investigate
how teachers make sense of a new curricular initiative — in this case, computer science
integration — what factors influence that sensemaking, and how sensemaking impacts their
assessment of their own preparedness to carry out a change initiative. Your participation in this
research study is voluntary and you are free to withdraw from this study at any time with no
penalty. This interview is scheduled to last for an hour.

Do you mind if I record our conversation?

Integrating computer science into the elementary general education curriculum is a new initiative
mandated by the state. To understand how teachers make sense of this change initiative, [ am
gathering data to explore elementary teachers’ perceptions, experiences, and readiness regarding
computer science integration.

Your responses and your identity will remain confidential.

You will also receive a summary of your interview for your review as well as a copy of the
interview, should you wish to review it in full, to check for accuracy and correct any
information.

Some questions may prompt you to reflect on past experiences. If any question causes you
discomfort, frustration, or stress, you are free to skip it. You may end the interview at any time.
Just tell me you want to stop.

Do you understand everything so far? Do you have any questions?

May we begin?

Participant (P): Participant Affirmation(s)

1. Can you describe your background in education?
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Probing: How do you think your background has shaped the way you approach new
initiatives?

Probing: In what ways do you think your prior experience impacts how prepared you
feel to integrate computer science?

Describe your background in computer science.

Probing: How has your previous exposure shaped your confidence in teaching computer
science?

Probing: Have you ever taken any computer science classes, in college or before? Can
you describe those?

How do you define computer science?

Probing: How did you decide upon that definition?

Probing: How does your definition influence how you integrate computer science into
your curriculum?

Probing: Do you think your understanding of computer science impacts how prepared
you feel to teach it?

What is your understanding of the policy regarding integration of computer science into
the curriculum and the TN state standards?

Probing: How does this understanding affect your approach to teaching and your
confidence in teaching computer science?

What guidance or communication have you received or engaged with regarding computer
science integration at your school?

Probing: How did these communications influence your readiness to implement it?
Probing: Who helped you understand the integration process? AND

Probing: How have these communications influenced how you think about integrating
computer science?

Tell me about any computer science lessons that you created or implemented with your
students.

Probing: How did teaching these lessons affect your confidence and sense of
preparedness?

Probing: Can you share specific resources that you used and how you made decisions
about what to teach?

Based on what you told me, describe your overall experience with integrating computer
science into the curriculum?
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Probing: How has this experience increased, decreased, or not changed your sense of
preparedness? Why?

Probing: How has this influenced how you see yourself as a teacher of computer
science?

8. Tell me about your preparation to integrate computer science into your curriculum, did
you attend trainings to learn more about computer science?
Probing: Did they change how prepared you felt?
Probing: How relevant and helpful were these trainings?
Probing: How did they shape your understanding of computer science integration?

9. Tell me about some of the successes you have had trying to integrate computer science
into your curriculum.
Probing: How did these successes affect your confidence in teaching computer science?
Probing: How did these successes shape your perspective on computer science
integration?

10. What challenges have you encountered trying to integrate computer science into your
curriculum and what were the biggest obstacles?
Probing: How did these challenges affect your sense of readiness to teach computer
science?

11. How would you assess your current level of preparedness for teaching computer science
concepts to your students? You are welcome to use a scale of 1 to 5, with 1 being not
prepared and 5 being extremely prepared.

Probing: What are the reasons behind your feelings and what led you to this
perspective?
Probing: Has your level of preparedness changed over time?

12. What types of additional training, if any, do you think would enhance your ability to
teach computer science even more?
Probing: What kind of supports beyond training would improve your sense of
preparedness?
Probing: How would this training address gaps in your current understanding or skills?

13. Is there anything else that you would like to share?

Interviewer (I):

Those are all of the questions that I have. Do you have any for me?
Thank you again for your time and for sharing so candidly with me.
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Appendix C
Artifact #2

TN State Policy (Tennessee Department of Education &
Tennessee STEM Innovation Network, 2022)

Part A: Introduction to Tennessee Computer Science Law
Public Chapter #979 of the Public Acts of 2022

In 2022, Governor Bill Lee joined with the National Governors Association that includes fifty-five states
and territories to sign a compact agreeing to take action and expand computer science opportunities for
students in their states. This initiative and compact demonstrated growing momentum across the country

and Tennessee for computer science education.!

The Tennessee General Assembly in May 2022 passed by unanimous vote in both chambers Chapter
979 of the Public Acts of 2022 (PC979). now codified in Tenn. Code Annotated Title 49, requiring specific
actions be taken to ensure all students are fully prepared for the technological jobs of today and of the
future. Concurrent with the passing of Chapter 979, the state of Tennessee joined 18 other states across

the country allocating funding for computer science education.

Chapter 979 of the Public Acts of 2022 requires that high school students will receive one full school
year of computer science education to satisfy graduation requirements by the 2024-2025 school year.
Middle school students are to receive one course in computer science and elementary school students will
receive grade appropriate computer science education by integrating computer science standards into

content.

These requirements will increase the availability of computer science courses and curriculum enabling
more Tennessee students to benefit from enrolling in computer science education. The 2022 State of
Computer Science Education Report indicates that 75.5% of Tennessee high school students attend a
school that offers foundational computer science, but only 4.3% of students are enrolled in a computer
science course. Of those students enrolled in a computer science course, 28.7% are female. With the
passing of this law, Tennessee is now one of five states requiring students take a computer science course
to graduate high school.'

The Code.org Advocacy Coalition developed nine policy recommendations to make computer science 3
fundamental part of the state education system. These nine policies contribute to building and sustaining
a comprehensive state policy framework that expands the teaching and learning of computer science.’

' Code.org 2022 State of Computer Science Education: Understanding Cur National Imperative
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