
  

 

Hiding in plain sight:  Unmasking computer science heroes in K-6 classrooms 

 

 

by 

 

 

Kiera Shuler Elledge 

 

 

 

B.S., Florida State University, 1995 

M.S., University of North Texas, 2003 

 

 

 

AN ABSTRACT OF A DISSERTATION 

 

 

 

submitted in partial fulfillment of the requirements for the degree 

 

 

 

DOCTOR OF EDUCATION 

 

 

 

Department of Curriculum and Instruction 

College of Education 

 

 

 

KANSAS STATE UNIVERSITY 

Manhattan, Kansas 

 

 

2024 

 

  



  

Abstract 

This research project employs a case study design to examine how K-6 non-computer 

science (CS) trained teachers can be effectively prepared to teach CS, metaphorically unmasking 

hidden superheroes in the education system. Grounded in the Technological Pedagogical Content 

Knowledge (TPACK) framework, the study also integrates Bandura’s Theory of Self-Efficacy, 

the Crawl-Walk-Run-Fly Model (CWRF), and Bruner's Spiral Curriculum. Through detailed 

case studies, the research investigates teachers' professional development experiences, their 

evolving self-efficacy, and their practical application of CS concepts in the classroom. Data 

collected from surveys, interviews, and the researcher’s journal are analyzed to identify best 

practices and challenges. This program is designed not only to inform strategies for teacher 

training programs that will enhance the integration of CS education in diverse educational 

settings, but also to foster a mindset of growth, bravery, and resilience. Through a series of 

workshops, hands-on activities, and ongoing support, teachers will acquire the skills they need 

and, more importantly, the courage to venture into uncharted territory. 

The findings reveal that with the right tools and support systems in place, K-6 teachers 

can indeed become proficient in teaching computer science. More significantly, they develop a 

newfound confidence that permeates their teaching practice, inspiring them to continue to be life-

long learners who boldly guide their students to embrace the challenges of the digital age. 
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Preface 

The field of computer science (CS) is rapidly evolving and becoming an integral part of 

our educational landscape. However, many educators, particularly those without a formal 

background in CS, face significant challenges in teaching this subject effectively. This doctoral 

dissertation is dedicated to addressing these challenges and exploring ways to empower non-CS 

trained teachers to become proficient and confident educators in the realm of computer science. 

The metaphor of unmasking hidden superheroes is central to this work. In many 

classrooms, there are teachers with untapped potential, poised to make a significant impact on 

their students' understanding of computer science. This research aims to uncover and nurture that 

potential, providing teachers with the tools and knowledge they need to succeed. 

The inspiration for this study came from my own experiences in education and my 

interactions with dedicated teachers who, despite their lack of formal training in CS, were 

determined to bring this essential knowledge to their students. Witnessing their commitment and 

the obstacles they faced motivated me to delve deeper into this area of research. 

Ultimately, this work aims to contribute to the broader goal of integrating computer 

science education into diverse educational contexts, ensuring equitable access to CS literacy for 

all students. By unmasking the hidden superheroes in our education system, we can unlock a 

future where every student has the opportunity to thrive in an increasingly digital world. 

Kiera Shuler Elledge 

July 2024 
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Chapter 1 - Introduction to the Problem 

Overview 

Teaching computer science in elementary schools continues to be crucial in today’s 

digital world as it empowers young students with the fundamental skills and knowledge needed 

to successfully navigate and thrive in a technology-driven society. It has also been considered a 

long-term investment in the future of our nation’s workforce, bridging the skills gap between the 

demands of the labor market and the availability of qualified people to fill the positions. With the 

Bureau of Labor and Statistics predicting the number of STEM jobs in the United States to 

exceed one million by the end of 2022 and over half not able to be filled due to the lack of 

skilled workers, all eyes seemed to turn towards K-12 to help mitigate the shortfall of capable 

Americans who had the necessary training to do these in-demand jobs (BLC, 2021). Compound 

this shortage with the continuous shifting and changing of job requirements and skill sets due to 

rising technological advances, one might have felt as though they were trying to hit a moving 

target, and this is where K-12 educators have found themselves. In addition to teaching reading, 

writing, and arithmetic, many of these teachers, particularly those at the elementary level who 

did not have a background in computer science and its related skills, have suddenly found 

themselves being tasked with preparing their students for jobs that did not yet exist. How could 

they teach what they did not know? Removing the barriers to the greatest extent possible and 

equipping in-service teachers with the knowledge and skills necessary to accomplish this 

seemingly insurmountable task was the focus of this research.  

 Historical Context 

In 2015, international experts – policy makers, practioners, and researchers from both IT 

and education – gathered in Bangkok, Thailand at EDUSummIT 2015 and announced three 
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compelling arguments for the inclusion of computer science education in K-12 focused on 

economic, social and cultural impacts. For economics, it was cited as the need to sustain a 

competitive edge in a world driven by technology and the need for computer science-skilled 

professionals in all industries to be able to support innovation and development. Socially, it was 

identified as the need to cultivate a diverse society of active creators (and not just) consumers of 

technology. Then, the cultural impact would enable a society to drive the technology changes in 

the world, rather than have them imposed on them (Webb et al., 2015).  In January of that same 

year, U.S. President Barack Obama stated:   

America thrived in the 20th century because we made high school free, sent a 

generation of GIs to college, and trained the best workforce in the world. We were 

ahead of the curve…and now in a 21st century economy that rewards knowledge like 

never before, we need to up our game. We need to do more. (2015) 

President Obama believed that a strong and sustained approach to STEM (Science, 

Technology, Engineering and Mathematics) education in this country would be critical to enable 

the United States to continue to lead the world in innovation and development of new 

technologies. He called heads of major US corporations, industry giants, philanthropies and other 

nongovernment agencies to the table and was able amass over $1 billion dollars to commit to K-

12 STEM education, with goals such as recruiting underrepresented groups more access to 

STEM education and career opportunities and furthering teacher professional learning and 

retention. His successor, President Donald Trump, issued a Presidential Memo early in his 

administration that included an additional focus on teaching Computer Science and devoted at 

least $200 million per year in grant funds to sustain the initiative, in an effort to develop more 

STEM-skilled workers for jobs in U.S. industries (Trump, 2017).   And in June 2021, the Biden 
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administration submitted a $6 trillion budget for public education, with a focus on assisting low-

income students and students of color. The proposed budget would expand funding for 

increasing participation for racial and ethnic groups underrepresented in STEM fields in K-12 

and would provide $5 billion earmarked for colleges that traditionally serve these students 

(Dennon, 2021).  This was a strong start and on-going show of support from our nation’s leaders, 

but there was more to be done, starting with training non-computer science background teachers 

to not only learn the computer science skills, but also to have the self-efficacy to turn their 

learning around and teach it to their students.  

 Current State 

On-going advancements in technology, coupled with the growing number of professions 

that rely on computer science skills and the current shortage of qualified workers in the U.S. to 

fill those gaps, make it crucial for all students to have the opportunity to learn about computer 

science and its related fields from an early age. Yet schools continue to argue that they simply do 

not have the time to devote to computer science classes and that they have no budget for 

computer science teachers (Google & Gallup, 2015). Further, with legislative agendas and school 

district leadership priorities focused on high-stakes testing in core subjects (of which computer 

science is not one) and state accountability ratings, finding time in an already overcrowded 

school day to include computer science is a tough ask.  The pressure to perform well on these 

high-stakes tests tends to keep staff and students hyper-focused on those subjects so that their 

performances reflects positively on their school and their district, as these scores are often also 

tied to teacher recruitment and retention, merit-based pay models and school funding.  

This is an acutely valid argument at the elementary level, where nation-wide, since the 

introduction of No Child Left Behind (2002), mathematics and literacy instruction have taken 
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center stage, leaving science, social studies, the arts and other subjects clamoring for a piece of 

the remainder of the instructional time. But research has consistently shown that computer 

science instruction in the elementary grades is critical in preparing students for a competitive job 

market and that early childhood experiences allowed students to be better prepared for 

specialized courses in high school, which supported the need for a pathway across grade levels 

(Howard, 2018). Further, meaningful integration in elementary classrooms emphasized that 

quality instruction must provide students with real-world (authentic) opportunities to engage in 

creativity and problem-solving while interacting with computing technologies.  However, as 

countless studies have enumerated, adding additional content into the K-6 curriculum framework 

in the United States would be a complex task (Angeli et al., 2016; Gallup Inc., 2020; Howard, 

2018). 

Still, the value of computer science skills at all levels of K-12 education was not lost on 

educational leaders, as research had shown the use of these skills benefitting students across a 

number of disciplines. Benefits included increased engagement, motivation, confidence, 

problem-solving, critical-thinking and communication (Kim et al., 2015; Schanzer, Fisler, & 

Krishnamurti, 2018), just to name a few. This in turn has national agencies to develop policy 

requiring state education agencies to mandate computer science courses in K-12 education.  

Movement towards states adopting standards was slow at first, with only seven states adopting 

computer science policies from 2014 – 2017 (Stanton et al., 2017); but as our nation’s sense of 

urgency toward addressing this issue, this has increased, as of 2023, 37 of our 50 states had 

either adopted policies requiring computer science education in K-12 or were in the process of 

doing so (Code.org, 2023). 
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In order to deliver high-quality computer science education, teachers must be well 

prepared, have an established support system, and be professionally connected to one another. 

However, due to the aforementioned lack of common standards and clear certification pathways, 

school districts have continued to report struggles in hiring qualified computer science teachers 

(Google & Gallup, 2016; Yadav et al., 2016). The data was showing that the in-service teachers 

who are becoming computer science teachers were first having to be certified in another content 

area before being allowed to teach computer science (Code.org, CSTA’ & ECEP Alliance, 

2020)! Further, these teachers who ultimately received approval to teach computer science 

reported facing a continuous lack of accessible and high-quality professional development 

opportunities, and resources to assist them in improving their computer science knowledge base 

and being able to better assess student understanding (Menekse, 2015; Yadav et al. 2016).  

What had been routinely observed was that computer science teacher professional 

development that did exist was often short in duration (usually lasting about a week in the 

summer) and only sometimes had an ongoing engagement component during the school year 

(Darling-Hammond et al., 2017; Google & Gallup, 2015; Qian, Hambrusch, Yadav, & Gretter, 

2018). These one-and-done professional development offerings sometimes lacked the necessary 

consistent follow-up opportunities needed for teachers to participate in order to feel that they 

could successfully learn new instructional techniques, and may left them without the capacity to 

improve, often contributing to a sense of professional isolation and loneliness (Menekse, 2015; 

Franke et al., 2013; Yadav et al., 2016). This sense of isolation may have inhibited teachers’ 

ability to take part in and share knowledge within a professional community in the same way as 

teachers in core subjects and could be compounded by a low sense of computer science teachers’ 

self-efficacy—or the strength of teachers’ beliefs in their abilities to teach CS. Many computer 

http://code.org/
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science teachers have reported low levels of self-efficacy (Yadav et al., 2016), which is related to 

teachers’ institutional practices, occupational satisfaction, and job commitment.  

Purpose of Research and Research Questions 

 Purpose 

As the demand for computer science instruction has increased, there continues to be a 

shortage of K-12 teachers who are trained to teach the subject, particularly at the elementary 

level. In the United States, there are a limited number of teacher preparation programs that offer 

computer science teacher certification that leads to licensing, and currently, none of them focus 

on K-6, as they are strictly secondary-based programs (Code.org, 2013; CSTA, 2015).  On top of 

that, computer science has been integrated with other career and technical education areas such 

as Technology Education, Educational Technology, Industrial or Instructional Technology, 

Information Management Systems, or even the use of computers to support learning in other 

subject areas (Google, 2015; CSTA & ECEP Alliance, 2020) which has caused additional 

confusion. This has led to inconsistent standards for teaching certification throughout the nation 

and among the states, which in turn has left school districts and universities without a clear path 

to the coursework needed for licensure at the secondary level and appropriate training needed at 

the elementary level. 

While there was no disputing that preparing pre-service teachers to teach computer 

science is vital to building a sustainable computer science teaching model, this research project 

focused on in-service teachers who had already begun their educational journey and would be 

able to affect change in the classroom immediately.  This study is referred to them as 

superheroes hiding in plain sight – educators who are willing to take a chance, step out of their 

content comfort zones and learn new knowledge that not only empowers them, but can positively 
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impact their students as well. From Google & Gallup’s report referenced previously, 

approximately 83% of teachers, 79% of principals, and 81% of superintendents surveyed in the 

study agreed that teachers would need extensive training to teach computer science successfully 

(2017). But in a PricewaterhouseCoopers (PwC) report produced in 2018, only an average of 

10% of K–12 teachers felt confident incorporating higher-level technology into student learning. 

This data held true across grade level, school affluence, and teacher experience level (PwC, 

2018) and lead to a host of training, teacher capacity, self-efficacy and other questions needing to 

be addressed for it to be successful. When would this critical training take place and how would 

it be facilitated?  Would the teachers be capable of learning and understanding the material at a 

level that they are then able to turn it around and successfully teach it to students? Could they 

convince others of the importance of computer science and engage them in the effort?  With 

technology changing at such a rapid pace in today’s world, would more mature teachers be able 

to, or even want to, keep up with training necessary to be an effective computer science teacher? 

Providing the technology and pedagogical content knowledge in elementary would be a 

key component however, there was little consensus about the best approach to prepare teachers 

regarding the need for these vital changes that occur when implementing computer science or the 

way computer science should be included in K-5 instruction (Howard, 2019). Researchers 

contended that the effective integration of computer science occurred as a distinct discipline and 

a school subject in the K-12 curriculum (Angeli et al., 2016; Fluck et al., 2016). However, 

teacher resistance to such pedagogical changes, taken together with known barriers to computer 

science integration with current K-5 curriculum, suggested that the implementation of computer 

science programs may prove intimidating for teachers who have not undergone extensive 

training or who have a background in a related field. Despite the potential for resistance and 
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owing to the fact that the United States still lags behind in producing significant number of 

teachers prepared to teach computing classes at any level within K-12 due to the aforementioned 

challenges, for these skills to be appropriately addressed, the teacher was the must-have first 

piece (CSTA, 2013; Sentance & Csizmadia, 2016). 

K-12 administrators often encounter difficulties when searching for a qualified (certified) 

teacher for computer science especially at the elementary level (Howard, 2018). Based on a 

stand-alone Gallup poll, 74% of superintendents and 63% of elementary school principals cite 

certification status as the number one cause for failing to find acceptable teachers (Gallup, 2015).  

In a situation where a teacher may or may not be able to be found, districts can find themselves 

in the midst of having to “grow your own” (GYO) so they have someone in place to teach. Many 

states have a GYO program to recruit and train teachers from within communities to bring 

highly-needed or specialized skill sets, such as bilingualism or industry-based programs into 

schools. These programs often come out of a collaboration between schools or districts, 

community organization and higher-education or alternative-education teacher preparation 

programs (Motamedia et al., 2017). This research will be loosely based on a GYO model, but 

with some minor adjustments to accommodate for current teaching credentials and classroom 

experience. 

 Research Questions 

Research questions in a dissertation serve to guide the study by clearly defining its focus 

and scope, ensuring that the research remains aligned with its objectives (Creswell, 2014). This 

research was guided by two questions that provided a systematic way to investigate a known 

problem of practice in K-6 elementary education that included development, deployment and 

assessment of a potential solution. 
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1. What are the effective components of a professional learning model that includes 

the necessary academic and social supports for teachers to successfully learn and 

learn to teach computer science?   

The first research question focused on the effectiveness of a professional learning model 

for teachers that included the necessary academic and social supports to enable teachers to learn 

and learn to teach computer science. During the initial phase, district administrators identified 

needs, defined program goals and developed a plan to recruit teachers to participate. In this 

model, teachers volunteered to be a part of the program, and the learning expectations, academic 

and social supports, and evaluation pieces were set forth from the outset and group norms 

established. Determining a clear path to the coursework was also a part of this research question. 

Areas that were considered included best practices for preparing elementary teachers, the 

minimal skills needed for an elementary teachers to be successful teaching computer science and 

also how these aligned with the grade-level skills that the students need.  

Without question, teachers recognized the benefits that technology can have in the 

classroom – whether it be to deliver content, add additional features to simplify work, or provide 

additional tools to produce authentic work. But too many often view technology as a silver bullet 

to the challenges they face and it is sometimes assumed, consciously or not, that digital tools 

alone can improve education. The primary objective of this question is to determine what 

supports are necessary for a non-computer science trained teacher to be able to learn requisite 

computer science skills and how to use current technology tools, as well as how they can be used 

in teaching the same subject matter. 
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2. In what ways, if any, are the participants of this cohort able to take their new 

knowledge and implement it in their classroom or school as a way to increase 

awareness of the need for all students to have access to computer science education? 

This question focused on the teachers being able to take what they had learned and then 

implement it in their classrooms and schools as they became advocates for computer science 

education for all students.  With the recent pushes to include more computer science and 

computational thinking skills in K-12 education - consider CSforAll, Expanding Computing 

Education Pathways (ECEP), Exploring Computer Science (ECS) and other broadening 

participation alliances funded by the National Science Foundation – it has become paramount to 

establish criteria, expectations and on-going support needs for primary teachers to be able to 

teach computer science and computational thinking skills to their students. In order to prepare 

elementary school teachers who typically do not hold degrees in computer science or any other 

related field, school districts must develop their own plans to provide training for these teachers, 

preparing them to integrate these critical skills into their own content areas and ensuring 

sustainability through an ongoing support model (Howard, 2018; Motamori, 2017).   

Research Frameworks 

Research frameworks are structured plans that guide the collection and analysis of data in 

a study while providing a clear outline of the concepts, variables, and their relationships, which 

helps ensure that the research is systematically conducted and grounded in theory (Creswell & 

Creswell, 2018). By offering a structured approach, research frameworks help ensure the 

direction and focus of the study, allowing researchers to clearly define their questions, methods, 

and interpretations of the resulting data. They are also crucial for validating the research process, 
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ensuring consistency and producing documentation that will allow the research to be replicated 

by others. 

This research utilized both theoretical and conceptual frameworks in order to fully 

address the research questions.  Researchers Grant and Osanloo (2018) employed the analogy of 

building a home when selecting a research framework:  “…the theoretical framework would 

entail the elevation blueprints… whereas the conceptual framework would involve the floor plan 

blueprint” (p. 17), suggesting that a house is not complete without both sets and neither is the 

dissertation complete without both a theoretical and a conceptual framework.  

 Theoretical Frameworks 

A theoretical framework provides a foundation for understanding phenomena, guiding 

research, and informing practice, and is based on established theories that explain the 

relationships between different concepts and variables (Creswell, 2009). The two utilized in this 

research project were Mishra and Koehler’s TPACK Framework (2006) and Bandura’s Theory 

of Self-Efficacy (1977).   Both will be discussed in greater detail in subsequent sections. 

The TPACK was developed to understand and describe the types of knowledge teachers 

need to effectively integrate technology into their teaching and was an extension of Shulman’s 

concept of Pedagogical Content Knowledge (PCK), which described the blending of pedagogy 

and content knowledge as essential for effective teaching (Mishra & Koehler, 2006). It provided 

a structured way to understand and analyze the complex relationships between technology, 

pedagogy, and content knowledge, as well as identify challenges and gaps in current teacher 

knowledge and develop strategies to increase technology integration into the classroom.  

Albert Bandura’s Theory of Self-Efficacy (1977) is a subset of his (1986) Social 

Cognitive Theory, and the second theoretical framework utilized in this research. Self-efficacy, 
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according to Bandura, is a “personal judgement of how well one can execute courses of action 

required to deal with prospective situations” and that individuals develop self-efficacy from four 

main sources of influence – mastery experience (previous personal successes), vicarious 

experiences (seeing others successes), social persuasion (positive verbal feedback) and emotional 

state (well-being) (Bandura, 1977, 1986, 1997). In simpler terms, it is a person’s belief in their 

own ability to be successful in a particular situation or task. Further, it reflects confidence in 

one’s ability to control personal behavior and motivation.  In educational settings, Bandura’s 

theory helps explain why students and teachers with high self-efficacy are more likely to 

embrace challenging tasks, persist longer, and achieve better outcomes. 

 Conceptual Frameworks   

The conceptual framework provides the visual layout of all of the ideas and experiences 

within the study and the implications of each. Ravitch and Riggan (2017) defined it as: “an 

argument about why the topic one wishes to study matters, and why the means proposed to study 

it are appropriate and rigorous.” In other words, it is why the work is worth doing and how it 

should be done. The two conceptual frameworks aligned in this research project were the Crawl-

Walk-Run-Fly model and Jerome Bruner’s Spiral Curriculum Approach (1966). They will be 

introduced briefly here and discussed in greater detail at a later time. 

The origins of the crawl-walk-run-fly (CWRF) model have not been tied to a specific 

individual or source but rather represent a combination of existing frameworks within multiple 

fields.  In each instance, it was formed out of a desire to continuously improvement and make 

existing work better by going one step further pursuing excellence.  The model is used to 

describe the progression of learning in education, starting with the basics and moving upward 

from there.   
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Bruner's spiral curriculum approach, developed by educational psychologist Jerome 

Bruner (1966), is a framework that emphasizes revisiting key concepts and skills at increasing 

levels of complexity over time. The spiral approach is based on the idea that learning is an 

iterative process, where students continuously build upon and deepen their understanding of 

foundational ideas through repeated exposure and engagement. It focuses on the ability to revisit 

topics regularly to gain a greater and deeper understanding of, as well as opportunities for hands-

on, project-based learning.  

Combining the crawl-walk-run-fly model with Bruner's spiral approach creates a learning 

environment that is both structured and adaptive. This method provides support through a logical 

progression of skills while continually reinforcing and expanding understanding. It has the 

potential to foster deeper learning of, in this case, computer science concepts and the pedagogical 

skills to teach it.  This integrated approach can prepare learners for the dynamic and evolving 

landscape of technology, equipping them with the skills and confidence needed to excel and 

innovate.  

Summary 

Computer science is broader than the study of computers and computing systems and 

extends beyond their hardware, software and networking capabilities. It is more than knowing 

how to code a robot to perform a set of commands, how to create visually stunning presentations 

and animations or how to build a network to keep digital information safe. These are all 

important benefits that we can reap by learning to be producers and not just consumers of 

technology, but equally important is knowing the why and how these computing technologies 

work and impact the global connectivity that our world revolves around. Other skills acquired in 

the effort to learn computer science, such as creativity, a growth mindset, problem-solving skills 
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and critical-thinking aptitudes, are essential in every job that exists and are often as high on a list 

of desired traits in a candidates as technical expertise. Thus, the principles, concepts and 

practices acquired through studying computer science can benefit students not in both college 

and career readiness, but are essential life skills as well.  

For students to have the opportunity to learn these skills, they must have access to high-

quality instruction. This will require major shifts in learning for teachers whose backgrounds are 

not in computer science, but who see the potential it has to be a positive force in the lives of their 

students and are willing to commit to learning it in order to be able to turn around and teach it. 

The teachers in this research recognized the importance of this knowledge for their students to be 

better able to compete on a global stage, and were willing to put themselves in the position of a 

student to not only learn the material themselves, but learn how to teach it too.  

This qualitative case study was designed to document the experiences of those teachers 

and use the results from the research to gain a deeper understanding of the teacher’s needs to be 

successful. By better understanding these experiences, schools and districts can provide supports 

teachers need to successfully learn and teach computer science skills to elementary students.  
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Chapter 2 - Review of the Literature 

Overview 

This literature review highlights the urgent need for a strong K-12 computer science 

program in US public schools, and has a specific focus on elementary in-service programs. It 

begins with acknowledging on-going labor shortages in the US (BLS, 2021) and proposes a 

grow-your-own model to prepare teachers to be a part of the solution. It also establishes the need 

for a professional learning model for non-computer science trained K-6 teachers that includes a 

targeted needs assessment.  Theoretical (TPACK, self-efficacy) and conceptual (Crawl-Walk-

Run-Fly and Bruner’s spiral) frameworks are also discussed. At the pinnacle of this literature 

review ladder is the ultimate goal of computer science for all students in all grades as well as 

building capacity in the cohort teachers as advocates for computer science in K-12 schools and 

communities. Figure 2.1 provides a graphic representation of the literature review contents.   

 

Figure 2.1.  Graphical Representation of Literature Review 

 

Before beginning the literature review, a more thorough explanation of computer science 

is necessary to lay a solid foundation for the argument that this subject and its related content is 

critical to the future success of our students and our country’s workforce. There are many 

definitions of computer science, but this review was built upon Tucker et al.’s (2003) definition 
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of computer science as presented in the K-12 Computer Science Framework (2016), developed in 

partnership with local and national education associations and national agencies advocating for 

the computer science education such as the Association for Computing Machinery, Code.org, the 

Computer Science Teachers Association and many other industry giants that support this critical 

initiative. Tucker et al.’s (2003) definition of computer science states:  

The study of computers and algorithmic processes, including their principles, their 

hardware and software designs, their applications, and their impact on society” (p. 6). 

Accordingly, computer science curricula includes all of the following: programming, 

hardware design, networks, graphics, databases and information retrieval, computer 

security, software design, programming languages, logic, programming paradigms, 

translation between levels of abstraction, artificial intelligence, the limits of computation 

(what computers can’t do), applications in information technology and information 

systems, and social issues (Internet security, privacy, intellectual property, etc.) (p. 6). 

Researchers Mason and Rich (2019) provided additional insight:  

Computer science is the broad discipline that encompasses computing, computational 

thinking, coding, and other branches dealing with computing connectivity and hardware. 

Computer science is the study of computers and computational systems (hardware 

software), their designs, capabilities and impact on society. It is far more than coding and 

has nothing to do with learning how to use a mouse, play video games or create a 

presentation.  It is learning how to harness the power of a computer to solve a complex 

problem in a much shorter amount of time than humans can solve it (p. 792).  
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Need for K-12 CS  

Computers play a vital part in our lives – from banking to education to healthcare and 

beyond.   In the last 10+ years, STEM employment has grown by nearly 25% - over five times 

more than non-STEM employment over the same period, and throughout the 2020’s, the U.S. 

Bureau of Labor Statistics projects that more than 1,000,000 STEM jobs will be added, a growth 

of almost 11% in the STEM field compared to less than 8% for all other industries combined 

(BLS, 2021).  Still, the U.S. cannot fill all of the positions related to computer science now, 

which only adds to the concerns 10 years from now when additional STEM positions will be 

added. With this critical shortage, companies have turned to K-12 to try and grow a computer 

science workforce that will allow the United States to continue to be able to compete on a global 

stage. Even if students do not go into a computer science-specific field upon graduation, research 

has shown that almost every job available in this country will require some level of expertise in 

computer science or computational thinking (Brown & Brown, 2020; Salehi et al., 2020; Arfé et 

al., 2020).  

Currently, the technology workforce in the United States is 90% white and 75% male 

(Scott et al., 2018). While there have been some gains in recent years, the disparity gaps 

continues to exist with Black and Hispanic workers as well as women in regards to STEM 

education (Pew Research Center, 2021).  Black workers account for only 9% of the U.S.’s 

STEM workforce and Hispanics 8%, as Asian and White workers continue to dominate and 

while females consist of 47% of the workforce, they remain underrepresented in engineering 

(15%), computer (25%) and physical science (40%) occupations. For these trends to be reversed, 

a more rigorous approach to inclusivity in K-12 computer science education must be launched. 

Students of all colors, genders, ability statuses, and economic statuses must be afforded the 
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opportunity to be exposed to these critical-need skills if they are to be successful citizens and 

workforce contributors.  The entire school ecosystem – administrators, teachers, counselors, 

families and students – must be involved in this effort. Each has a specific role to play to ensure 

that computer science opportunities are available for all students and developing a sense 

belonging in STEM can have a positive impact on academic achievement and retention in 

STEM, particularly for women and students of color and may be positively influenced by 

relationships with mentors who look like them.  

Exposure to ethnically diverse STEM professionals through multiple types of media 

(including social media) is a strong start to support and encourage underrepresented students to 

pursue STEM education and careers.  Research has shown that women and men form gender 

roles in childhood, largely based on their exposure to media and popular culture (Olasson and 

Martiny, 2018) and that the types of media that students are being exposed to are rapidly 

changing, with the current generation of students spends a great deal of time interacting with 

media platforms and gaining exposure to social media influencers (Pew Research Center, 2019). 

Additionally, parents must be made aware of the critical-need for all students to pursue STEM-

related courses and opportunities and the schools and school systems must find a way to bring 

this learning to every classroom if they are to prepare students to be successful post high-school. 

 Professional Development Plan 

The proliferation of smart devices (tablets, phones, TVs, etc.) and the ease at which they 

are available have not only created a technological explosion, but has put innumerable amounts 

of information at the tip of their student’s fingers that has changed the way learning has taken 

place. This has led to the need to provide teachers with additional resources and learning 

opportunities to better engage within this technological medium to support the needs of today’s 
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learners. In 2017, the Learning Policy Institute released their findings from an extensive review 

of professional development models that focused on positive relationships teacher professional 

development, teaching practices and student outcomes, and identified seven features of effective 

professional development, four of which will be identified and included in this paper. These 

include collaborating within the teaching community, providing coaching and expert support, 

offering feedback and reflection, and being built on a model of sustainability (Darling-

Hammond, Hyler & Gardner, 2017).  

 Collaboration within the Teaching Community 

Regarding collaboration, the authors asserted that by providing opportunities for teachers 

to share their ideas and collaborate in their learning, they could create communities that 

strengthened each other and that had the potential to positively change the culture and instruction 

for an entire grade level, department, school and/or district (Darling-Hammond, Hyler & 

Gardner, 2017).  This collaboration could take on multiple forms:  face-to-face, virtual, phone 

calls, online chats, blogs, social media pages, etc. and could also include opportunities to learn 

instructional tips and/or strategies for improvement and participate in lessons as a learner to 

better understand how the students will engage (Darling-Hammond, Hyler & Gardner, 2017). 

Collaboration could also be critical in helping overcome feelings of isolation that computer 

science teachers often feel in their own building as a result of being the only person on their 

campus who teaches their subject (Ahmad, 2017; Hamlen et al., 2018).  

 Coaching and Expert Support  

Coaching and expert support in a professional development model involves the one-on-

one sharing of expertise about content and strong instructional practices that can be directly 

focused on teachers’ individual needs (Darling-Hammond, Hyler & Gardner, 2017). A system 
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that has this component adds a layer of personalization for each teacher meets them where they 

are as an individual and works to provide the personal support that they need to be successful. In 

contrast to a traditional professional development model of a general workshop for multiple 

teachers, coaching occurs during the process of classroom instruction. Coaches are trained to 

observe teachers in their classrooms, provide feedback on the teaching and learning and engage 

in meaningful discussion with individual teachers about their lessons. (Quintero, 2019). This 

element is tied to building teachers’ confidence in their own ability to both learn and teach the 

material.  

 Feedback and Reflection 

Building in intentional feedback and reflection opportunities is also an element of a 

successful professional learning plan. In a cohort, this gives the learners the chance to not only 

think about, receive input on and make adjustments to their own learning (Darling-Hammond, 

Hyler & Gardner, 2017), but it gives them the chance to provide constructive comments to their 

cohort members in an effort to help the group as a whole be stronger in their practices. Personal 

and professional growth should be the focus and teachers should have an outlet through which to 

express concerns, share a-ha moments and be an active participant in their own learning and the 

learning of the cohort. With this project, each participant would create a blog and keep a record 

of their learning online. It was expected that every range of emotion from despair and frustration 

to victory and triumph would appear in their reflections as they move forward. 

 Model of Sustainability  

Sustainable professional learning for teachers is rooted in research; it enables teachers to 

strengthen their personal professional networks, advocates for the formation of a learning 

community where teachers can safely share, cooperate, support and understand each other, while 
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still allowing for systemic changes to occur (Villegas-Reimers, 2003).  Recently, the movement 

towards self-directed teacher improvement has been encouraged, abandoning the traditional 

professional development models, which were typically focused towards teachers receiving 

knowledge (sit and get) rather than being active creators of knowledge (Makovec, 2018; 

Sumaryanta et al., 2019).  Hargreaves and Fullan (2012) suggested that teachers improve at the 

workplace when they can exchange ideas, participate in study groups, research, etc. as well as 

share insight into problems that impact learning. But, they also warn that without a structure to 

the community, when teachers just discuss issues and share stories, that the learning piece may 

be ineffective (Hargreaves and Fullan, 2012). Finding a balance between the two would be 

critical to the success of this project. 

Just as students should have personalized learning plans with inquiry-based opportunities 

embedded that are relevant to them, so should teachers. This should include adequate time to 

learn the content and the pedagogy, practice the learning, receive coaching, and reflect on their 

learning and students’ outcomes as they continue in the cohort. Darling-Hammond et al. refers to 

this type of professional learning model as being of “sustained duration” (2017, p. 15), in that it 

lasts well beyond the initial “single, isolated encounter” (p. 15) and includes on-going trainings, 

a professional learning community and continued coaching/mentoring as part of the learning and 

support for the teacher learning a new subject. 

Growing your own CS teachers 

In recent years, computer science in K-6 classrooms has become more prevalent and 

school districts are steadily implementing new programs to support the successful development 

of computer science knowledge for all students. Current programs often include opportunities for 

students to code and create computer programs, develop problem-solving skills, study 
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programming concepts, and develop computational thinking skills (Moreno-Leon et al, 2016). In 

order to prepare K-6  teachers who do not hold computer science credentials, school districts 

must find ways to provide training for these teachers that can not only teach them the concepts, 

but how to integrate those concepts into their subject matter to ensure sustainability (Howard, 

2018). Researchers contend that the effective integration of computer science occurs as a distinct 

discipline and a school subject in the K-12 curriculum (Angeli et al. 2016; Fluck et al. 2016). 

Yet, despite the positive effects of integrating computer science concepts into daily instruction, 

teachers often struggle with unfamiliar pedagogical approaches and content (Howard, 2018).  

Teachers’ learning needs about technology integration have been historically documented 

as insufficiently supported through formal learning opportunities, and the formal and informal 

support they receive is imperative throughout the implementation process (Howard, 2018; Jones 

and Dexter, 2018). Although several of the challenges of teaching computer science in middle 

school and high school have been studied much more extensively, there is little known about the 

knowledge base or support strategies necessary to effectively support K-6 computer science 

teachers. This lack of clarity in regards to the start-up and on-going needs of K-6 computer 

science teachers and the current demand for training (Yadav et al., 2016) bring attention to the 

immediate need to understand the problems that K-6 teachers encounter when they attempt to 

integrated computer science into the classroom. Teacher resistance to such pedagogical changes, 

taken together with known barriers to computer science integration with current K-6 curriculum, 

suggest that the implementation of computer science programs may prove intimidating for 

teachers who have not undergone extensive training or who have a background in a related field.  

Despite the potential resistance, preparing teachers to facilitate instruction is imperative 

and the only way to ensure that computer science is integrated in K – 6 classrooms. Specifically, 
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what are the concepts that teachers new to coding most quickly pick up or struggle to 

understand? What computational thinking practices, tenets, and activities and are they most 

likely to engage in? Which of these principles and practices are most challenging? How long 

does it take for a teacher just starting to learn to feel comfortable teaching this new content?  To 

effectively teach computer science in elementary schools, it is proposed that teachers need to 

have a strong foundation in computer science concepts, pedagogical knowledge, curriculum 

design including assessment and technology integration. A 2017 report by Yadev et al. asked 

readers to consider the following:   

Training teachers to teach computer science raises many questions for educators and 

educational researchers regarding the best practices for preparing teachers. How can we 

deliver content knowledge and promote effective instructional practices for in-service 

teachers? How do teachers acquire knowledge, including the knowledge of subject 

matter, pedagogy, and pedagogical content knowledge (PCK) in CS? What is the minimal 

set of computing skills that a teacher needs to be an effective computer science educator? 

(p. 3).  

This research seeks to answer these questions through a grow-your-own model research 

study. 

Research Frameworks 

Research frameworks guide the design, execution and interpretation of research studies.  

They provide a structured approach to understanding a complex problem of practice, ensuring 

that the research is systematic and organized and establish a common language and form that 

invites collaboration, replication and further research. This research utilized both theoretical and 

conceptual frameworks.   
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 Theoretical Frameworks 

According to Creswell & Creswell (2018), theoretical frameworks consist of the theories 

or a set of concepts that underpin the research study and provide a theoretical perspective or lens 

through which the research problem is examined, often based on existing theories relevant to the 

research topic. 

The TPACK Framework.  Successfully integrating educational technology into subject-

specific content is a three-pronged approach that requires a teacher to not only know their subject 

matter (knowledge) and how to teach it (pedagogy), but also which tool(s) (technology) can best 

be paired with it to enhance its effectiveness for students. This is where the TPACK Framework 

becomes a powerful instrument to guide teachers’ use of technology in the classroom and how it 

works in tandem with the content and the way teachers present the content to students.  

Starting with pedagogy, defined as the art and practice of teaching focusing on the 

accuracy of the teacher’s knowledge and being able to use assess the effectiveness of instruction 

on student learning (Kohler & Mishra, 2009), the authors of the framework assert:   

[Pedagogy] focuses on teachers’ deep knowledge about the processes and practices or 

methods of teaching and learning. It encompasses, among other things, overall educational 

purposes, values, and aims. This generic form of knowledge applies to understanding how 

students learn, general classroom management skills, lesson planning, and student 

assessment (p. 8).   

When teaching computer science in elementary school, teachers need to be familiar with 

multiple pedagogical approaches and techniques that have been proven effective in 

disseminating this information to students such as inquiry-based learning, project-based learning 

and collaborative learning. Effective teachers with a strong pedagogical knowledge have the 
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ability to design and implement engaging, interactive, and challenging learning experiences for 

their students that includes selecting appropriate instructional materials, designing age-

appropriate learning activities and assignments and creating assessments that measure student 

learning (Kafai et al., 2017).  

The technology being implemented must effectively communicate the content and 

support the pedagogy in order to enhance students’ learning experiences in computer science and 

teachers need to be comfortable utilizing various technologies, such as programming languages, 

educational software, and digital tools, to support teaching and learning in computer science 

(Bell, et al., 2016). In the TPACK framework, technological knowledge (TK) also includes 

considering the possibilities needed for a specific subject area or grade level, learning to 

recognize when it will assist or impede the learning, and being continually open to learning and 

adapting new technologies and they become available (Kohler & Mishra, 2006).  

Putting the three components together – content, pedagogy and technology – completes 

the TPACK Framework developed by Kohler and Mishra, which began in 2007 and has evolved 

over time because of its dynamics that allow for researchers and practioners to adapt its 

framework to multiple circumstances (Kurt, 2019). This adaptability can be seen in the 

overlapping intersections of the three areas of the framework. The technological content 

knowledge (TCK) demonstrates the relationship between technology and content and how they 

can both influence and oppose each other. This intersection focuses on understanding how 

computer science concepts can be learned through multiple technology offerings. The 

technological pedagogical knowledge (TPK) relates to the teachers’ understanding of how a 

technology can affect both the teaching and learning experiences by the way it is utilized in the 

instruction. It also provides the opportunity for the teacher to demonstrate their knowledge by 



26 

 

matching appropriate tools to pedagogies that are appropriate to the content being taught.   The 

pedagogical content knowledge (PCK) focuses on the teachers’ knowledge of instruction that 

includes curriculum development, instructional strategies, assessment, and student outcomes. Its 

primary objective is to improve instructional practices by bringing the content and pedagogy 

together with the most effective tool(s). Figure 2.2 shows Mishra & Koehler’s TPACK 

Framework (2007) with the relationships between the constructs and Table 1provides the 

accompanying constructs and their definitions (Kurt, 2019). 

 

Figure 2.2.  Mishra & Koehler’s TPACK Framework (2007)  

Note. Source: Reproduced by permission of the publisher, © 2012 by tpack.org. 
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Table 2.1. TPACK Framework Constructs with Definition (2019) 

Note.  Adapted from “TPACK:  Technological Pedagogical Content Knowledge Framework” by S. Kurt, Source:  

https://educationaltechnology.net/technological-pedagogical-content-knowledge-tpack-framework/. ©2019 by 

Serhat Kurt. 

TPACK Construct Definition 

Technological Knowledge  (TK) Knowledge of technology tools 

Pedagogical Knowledge (PK) Knowledge of teaching methods 

Content Knowledge (CK) Knowledge of subject matter 

Technological Pedagogical 

Knowledge (TPK) 

Knowledge of using technology to implement teaching methods 

Technological Content Knowledge 

(TCK) 

Knowledge of subject matter representation with technology 

Pedagogical Content Knowledge 

(PCK) 

Knowledge of teaching methods with respect  to subject matter content  

Technological Pedagogical Content 

Knowledge (TPACK) 

Knowledge of implementing technology using multiple methods for 

different types of subject matter content 

 

When it was originally developed, Koehler et al. (2007) asserted that development of 

TPACK contexts was focused on individual teachers as a “multigenerational process, involving 

the development of deeper understandings of the complex web of relationships between 

pedagogy, content and technology and the contexts in which they function” (p. 740).  Meaning, 

that the framework measured the understanding, use and effectiveness of TPACK on a teacher-

by-teacher basis. Recently however, research has shown that it can also be utilized effectively 

when teachers collaborate, or work together, thus theorizing that it can also be a form of 

knowledge shared by members of a teacher community (Carpenter et al., 2020). By developing a 

setting where teachers can collaborate around their own learning allows them the opportunity to 

share, learn from and with colleagues from across different levels of experience and expertise. It 

has the potential to bring together a wide range of knowledge and resources when utilized in this 

manner.   

https://educationaltechnology.net/technological-pedagogical-content-knowledge-tpack-framework/
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Bandura’s Theory of Self-Efficacy.  In order to deliver high-quality computer science 

education, teachers must be well prepared, have an established support system, and be 

professionally connected to one another. However, due to the aforementioned lack of common 

standards and clear certification pathways, school districts have continued to report struggles in 

hiring qualified computer science teachers (Google & Gallup, 2016; Yadav et al., 2016). The 

data was showing that the in-service teachers who are becoming computer science teachers were 

first having to be certified in another content area before being allowed to teach computer 

science (Code.org, CSTA’ & ECEP Alliance, 2020)! Further, these teachers who ultimately 

received approval to teach computer science reported facing a continuous lack of accessible and 

high-quality professional development opportunities, and resources to assist them in improving 

their computer science knowledge base and being able to better assess student understanding 

(Menekse, 2015; Yadav et al. 2016).  

What had been routinely observed was that computer science teacher professional 

development that did exist was often short in duration (usually lasting about a week in the 

summer) and only sometimes had an ongoing engagement component during the school year 

(Darling-Hammond et al., 2017; Google & Gallup, 2015; Qian, Hambrusch, Yadav, & Gretter, 

2018). These one-and-done professional development offerings sometimes lacked the necessary 

consistent follow-up opportunities needed for teachers to participate in order to feel that they 

could successfully learn new instructional techniques, and may left them them without the 

capacity to improve, often contributing to a sense of professional isolation and loneliness 

(Menekse, 2015; Franke et al., 2013; Yadav et al., 2016). This sense of isolation may have 

inhibited teachers’ ability to take part in and share knowledge within a professional community 

in the same way as teachers in core subjects and could be compounded by a low sense of 
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computer science teachers’ self-efficacy—or the strength of teachers’ beliefs in their abilities to 

teach CS. Many computer science teachers have reported low levels of self-efficacy (Yadav et 

al., 2016), which is related to teachers’ institutional practices, occupational satisfaction, and job 

commitment.  

Self-efficacy has been widely researched since the concept was pioneered by Albert 

Bandura as part of his Social Learning Theory in the late 1970’s. Self-efficacy, according to 

Bandura, is a “personal judgement of how well one can execute courses of action required to 

deal with prospective situations” (1977), and that individuals develop self-efficacy from four 

main sources of influence – mastery experience (previous personal successes), vicarious 

experiences (seeing others successes), social persuasion (positive verbal feedback) and emotional 

state (well-being) (Bandura, 1977; Bandura & Cervone, 1986). In simpler terms, it was a 

person’s belief in their own ability to be successful in a particular situation or task. Additionally, 

it reflected confidence in one’s ability to control personal behavior and motivation. Bandura’s 

position was that self-efficacy was the ability of a person to judge how they will react to a 

situation and/or the influence they have on the outcome of a situation (Bandura, 1977).  

Addressing self-efficacy issues and isolation concerns were critical to providing the high-quality 

computer science instruction. 

 Conceptual Frameworks 

Ravitch and Riggan (2016) state that conceptual frameworks are a system of concepts, 

assumptions, expectations, beliefs, and theories that support and inform research. Further, that 

they help clarify the research question(s), and connects to existing literature. 

Crawl-Walk-Run-Fly Model.  The Crawl-Walk-Run-Fly (CWRF) model, a research-

based approach commonly applied in core subject areas, provides a structured method of 
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gradually introducing simple tasks before progressing to more complex ones. By focusing on 

mastering basic concepts initially and gradually scaling up to more advanced tasks, this strategy 

facilitates a step-by-step approach to learning.  Figure 2.3 provides a graphical representation of 

this model. 

 

Figure 2.3.  Crawl-Walk-Run-Fly (CWRF) model  

Note. Source: LinkedIn, used by permission. ©2019. 

 

The core principles of the CWRF model are rooted in the idea that learning is a gradual 

process, where individuals start with basic, foundational skills (crawl), then move to intermediate 

practice (walk), followed by advanced application (run), and finally achieve mastery and 

innovation (fly). This stepwise progression helps to prevent cognitive overload and supports 

sustained learning by building on previously acquired knowledge and skills (Dweck, 2006). 

According to Salas and Cannon-Bowers (2001), structured learning models like CWRF are 

effective in promoting both skill acquisition and retention, particularly in complex domains like 

computer science, where foundational knowledge is crucial. 

The CWRF model aligns with several cognitive and educational theories. Vygotsky's 

(1978) Zone of Proximal Development (ZPD) highlights the importance of scaffolding in 

learning, which is closely aligned to the CWRF model. In each stage of the CWRF framework, 

learners receive the appropriate level of support to progress to the next stage, thereby operating 

within their ZPD.  Research has also shown that the structured approach of the CWRF model can 
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lead to increased improvements in learning outcomes. For example, a study by Wilson (2019) on 

professional development programs for educators found that participants who were trained using 

a CWRF approach demonstrated higher retention of knowledge and greater confidence in 

applying new skills compared to those who underwent traditional training methods. This is 

further supported by Kirschner, Sweller, and Clark (2006), who argue that structured 

instructional methods are more effective for beginning learners. In our research project, utilizing 

the CWRF model enabled teachers to spend ample time in each phase, thereby building the 

confidence and self-efficacy necessary to more effectively engage with their students in the 

subject matter. 

There are some limitations to this model, however, that need to be considered when 

employing it in a training situation.  One potential issue that needs to be taken in to account is the 

assumption of linear progression. Kirschner, Sweller, and Clark (2006) note that learning is often 

non-linear, with individuals needing to revisit earlier stages to reinforce understanding.  To 

ensure the greatest success, it will also be imperative to take into account individual learning 

needs when employing this model.  More on this limitation and a potential solution will be 

discussed in Chapter 6. 

Bruner’s Spiral Curriculum Approach.  Jerome Bruner (1915 – 2016) was a renowned 

as an American psychologist who made important contributions to cognitive learning theory in 

educational psychology.  Bruner advocated that learning was an ongoing process built on prior 

knowledge and experiences, and that children construct knowledge and make meaning through 

active experience with the world around them.  He advocated that learning was an ongoing 

process built upon prior knowledge and experiences and one of his most widely known 

contributions was his spiral curriculum approach (1960). Bruner argued that learning was an 
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iterative process, and that each time a topic was revisited, it not only reinforced what was already 

known, it deepened the knowledge, as new information was connected to previously known 

information about the topic.  Figure 2.4 provides one graphical representation of Bruner’s 

approach. 

 

Figure 2.4. Bruner’s Spiral Curriculum Approach (1960)   

Note. Source: OER Commons, licensed under Creative Commons. ©2023 by Gagandeer Kaur. 

 

Bruner’s spiral approach is built on scaffolding, recognizing that learners may need 

varying levels of support at different stages. This support is flexible, adjusting to the learner’s 

evolving needs and promoting independence over time as it enables them to take different paths 

and approaches to understand and apply knowledge. This adaptability supports personalized 

learning, catering to individual strengths, interests, and learning styles.  This approach also 

promotes long-term retention and transfer of knowledge, as students continually apply and 

reapply concepts in various contexts (Bruner, 1977). Research has shown that this iterative 

process helps students develop a deeper and more flexible understanding of the subject matter, 

preparing them for higher-order thinking and problem-solving (Sawyer, 2006). Of this approach, 

Harden and Stamper (1999) wrote:  “A spiral curriculum is not simply the repetition of a topic 
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taught. It requires also the deepening of it, with each successive encounter building on the 

previous one.”  This framework was a late addition to this research project, but would end up as 

a powerful complement to the CWRF Model and will be discussed in greater detail in Chapter 6. 

Summary 

As there is currently no set certification pathway for elementary computer science, it is 

often left up to individual schools or districts to determine the content knowledge teachers must 

have to successfully teach this subject and oftentimes, it is in addition to other subject areas 

where they have received formal training in the instruction of it and have a strong knowledge 

base of the material being taught. There are many resources to guide and offer recommendations, 

but ultimately, each entity is able to set their own criteria for teacher knowledge in regards to 

content. While this non-specific approach has its advantages and disadvantages, there are basic 

computer science concepts that all who teach the subject should have a strong foundation of 

knowledge in such as algorithms, programming languages, data structures, computer systems and 

networks (Grover & Pea 2013; Guzdial, 2019). Referring back to the tenets of effective 

professional development discussed previously, opportunities must be also be provided for 

teachers to receive instruction in these areas, be able to demonstrate their own learning, observe 

model lessons being taught, teach lessons and be provided feedback, and be able to reflect on 

their work and adjust their practices as needed.   
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Chapter 3 - Methodology 

Overview 

Successful implementation of computer science programs at the elementary level that are 

effectively integrated into relevant curricula can lay a strong foundation to support students’ 

growth and development in STEM-related fields. However, there is currently a lack of consensus 

on appropriate pedagogy not only for students, but also for teachers delivering the content 

(Franke et al, 2013; Liu et al., 2011). These known barriers, taken together with the historical 

resistance of teachers to curricular change (Fullan, 1993; Ford & Ford, 2010) suggest that the 

implementation of computer science programs may prove intimidating for teachers who have not 

undergone extensive training or who have a background in a related field. This project focused 

on adult learners who are all K-12 classroom teachers - their willingness to adapt to change by 

participating in a study of which they have little to no prior knowledge about, their ability to 

receive instruction in new subject matter and pedagogy and their capability to teach the content 

to students, and their capacity to lead change within their school communities.  

Research Design 

Qualitative research focuses on the experiences of an individual entity – e.g. a person, a 

community or an organization –and seeks to understand the nature of the research problem 

through their beliefs and practices (Strauss & Corbin, 1994). This approach has also been defined 

as an “iterative process in which improved understanding to the scientific community is achieved 

by making new significant distinctions resulting from getting closer to the phenomenon studied” 

(Aspers & Corte, 2019), which indicates that it can be an on-going opportunity to learn, analyze 

and share new information that will benefit others. While much of the research in K-12 computer 

science education has been focused secondary teachers and their experiences thus far, it is hoped 
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that the lessons learned from the teachers in this project have the potential to help guide best 

practices for elementary computer science going forward.   

The qualitative data that will be collected in this study included one-on-one interviews, 

pre-and-post survey results, anecdotal data from blog posts, and notes from my researcher 

journal.    The importance of this textual (non-numerical) data is that it allows people to express 

their thoughts and beliefs in their own words and on their own terms and requires extensive 

interaction between the researcher and their subjects. An in-depth investigation in to this data 

will not only allow for the opportunity to understand the perspectives of the individuals living 

through the experiences (Creswell, 2013; Stake, 1995), but should also lead to the formulation of 

shared themes among the participants that could be used to inform future studies with this same 

group or others.  

Therefore, in academic study, it is the responsibility of the researcher to engage in 

activities that generate and interpret their participant’s data to answer specific questions. To do 

this, they must take a stance to decide what type of knowledge is possible and valid within their 

research. This project will blend constructivism and pragmatism through a series of document 

collections, interviews, surveys and research/participant reflections. Ontologically, it will follow 

the constructivist school of thought that there is no single reality or truth; that it is created by 

individuals or groups. It will also allow for the pragmatic ontology theory that reality is 

constantly negotiated. While slightly unconventional, as the study is searching for an answer not 

previously known, both of these ontologies can be applied. Epistemologically, it will lean 

towards pragmatism, where finding out what makes the learning and teaching successful is the 

means, and change is the underlying aim (Crotty, 1998). The objective is to look beyond the 

statistics (60% agree/strongly agree and 40% disagree/strongly disagree) of a Likert-scale survey 
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of the participants and drill down to learn why and how, with the intent to try and replicate 

successful results to additional classrooms and participants and when able, identify a problem, its 

means and create a culture of change through research. 

While some quantitative data will also be collected during this study, this data is limited 

in its ability to address “why” and “how” questions (Yin, 2014), so its primary function will be 

to validate the results collected from the qualitative data. Research from this project will be 

seeking to identify specific teaching resources and pedagogy that effectively contribute to the 

participants’ willingness and confidence in themselves to embed CS-related activities into their 

daily instruction. It will also seek to gain an in-depth knowledge of the introduction of computer 

science in the district, investigating change to the school community as it becomes more a part of 

its culture.  

Methodology 

Research methodology is a logical, systematic plan that details how a researcher intends 

to carry out their research. It provides legitimacy to the findings of a study and is the 

foundational tool for the gathering and analyzing of data (Creswell, 2013). There are many 

different types of qualitative research methodologies that could be employed to guide this study, 

but the researcher chooses to use case study as the research methodology base.  

 Case Study Design 

Yin (2002) recommends a case-study approach when investigating a contemporary phenomenon 

within its real-life context, especially when the boundaries between phenomenon and context are 

not clearly evident.  With the recent updates to the Technology Applications Texas Essential 

Knowledge and Skills (Tech Apps TEKS) that include coding and algorithmic-thinking 

instruction beginning in Kindergarten (Texas Education Agency, 2022), demand for increased 
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elementary teaching and learning opportunities in computer science will likely have an impact on 

educators state-wide and many will be looking at solutions to fill those positions in their districts 

with personnel able to properly teach the material. And as was stated previously, while much of 

the research in K-12 computer science education has been focused at the secondary level, there 

currently exists a gap in the literature for elementary educators (Yadav et al, 2016; Kong, 2019), 

the research being conducted in this study can potentially help address that. Thus, a case study 

research design is appropriate for this study as teacher experiences at the elementary level have 

not been documented as thoroughly as those at the secondary level, and a case study approach 

could encapsulate these nuances. 

Case studies are a preferred strategy when the researcher has little control over events as 

well (Yin, 2002). Such is the situation with this endeavor. The researcher does not have control 

over the school curriculum and subsequent pacing guides for the core subjects, nor does the 

researcher have control over what core content skills must be addressed and when. What the 

researcher does have some measure of influence towards is the way in which the content is 

presented to the students. With this study, we sought to determine what pieces and parts create a 

successful learning model for teachers to gain knowledge in a field that they are not familiar with 

as well as the knowledge of how to turn that learning into a teaching experience in their own 

classrooms. This is a very relevant endeavor in education today, with the continuing shortage of 

teachers in general and the lack of available computer science teachers currently in the field 

(NCES, 2022; Code.org, 2021).  

Utilizing a case study approach will provided the flexibility to incorporate multiple types 

of data, while utilizing constructivism and pragmatism as research methodologies, whose 

theoretical perspective is rooted in design-based research. Rosenberg and Yates (2007) state that 
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“[case study] has a practical versatility in its agnostic approach whereby it is not assigned to a 

fixed ontological, epistemological or methodological position.”  In an educational setting, a 

community of teachers, researchers, coaches, administrators and other professionals would work 

together to approach a problem of practice. These methodologies often take an iterative approach 

to inquiry, which allows for the ontology and epistemology to be flexible and adjusted as needed 

through the design process. Engaging in multiple methodologies allows for constant 

renegotiation and signifies that this process is fluid and open to debate and that the decisions 

reached are not done so in isolation, but by a well-rounded committee that is actively engaged in 

and has a vested interest in the research.   

For the context of this research project, the methodology used was referred to as a 

collective case study, in which a researcher will study a number of cases in order to provide 

insight into an issue or problem of practice (Stake, 1995; Stake, 2003) by collecting multiple 

forms of data from a specific group of people. The overall goal was to understand this one case 

and to maximize what can be learned to positively impact student and teacher development going 

forward. While this particular sample may have a relatively small sample size (between 10 and 

20 maximum), for the purposes of investigating a representation of teachers, it will be sufficient. 

As Stake (1995) states; “Balance and variety are important; opportunity to learn is of primary 

importance” (pg. 18).   

 Study Context 

This professional development study was derived from a larger computer science 

initiative that the participating school district had launched previously.  Its primary purpose was 

to equip in-service teachers with the knowledge, skills, and pedagogy necessary to teach 

computer science at the elementary (K – 6) level. The teachers participating in this training 
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initiative had agreed to meet regularly during the school year to share ideas and resources.  They 

did not have a system in place for on-going professional learning, other than from each other, but 

when they did attend a professional development that focused on computer science, they were 

compensated for working off-contract. 

To generate interest in this study, a recruitment flyer (Appendix A) was designed and 

deployed to all of the teachers currently participating in the larger district computer science 

initiative via email that included an abbreviated description of the overall project, the time frame 

it would be conducted within, and the requirements for completion.  Two optional Q&A sessions 

(held via Zoom) were also offered and teachers who were interested in taking part in the research 

were then directed to an online form that would gather basic demographic information, and also 

give them the opportunity to respond to two open-ended questions regarding their interest in the 

study.  Eighteen participants were identified and invited to attend this study. The next section 

will provided additional information about the participants. 

Once the cohort was identified, it was announced that the teachers would participate in a 

year-long training program that includes both synchronous and asynchronous learning 

opportunities including, but not limited to, face-to-face and virtual sessions, classroom teaching 

experiences to practice teaching what they have learned, a summer computer science conference, 

and an on-going professional learning community, as well as keep a personal reflection of their 

own learning through online journaling. Data collected would include pre-and-post surveys, one-

on-one interviews and notes from my researcher’s journal.   

Participants.  Due to the high number of inquiries, the district agreed to allow up to 18 

participants in the study. There were no specific requirements of subjects or content areas 

taught/teaching for participation; however, it was a personal goal of the researcher to create as 
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inclusive of a group of participants as possible. It was hoped that building a group that was 

diverse not only in subjects or content taught, but also in color, gender, years of experience, 

schools currently teaching, and socio-economic backgrounds would help produce results that 

would resonate with multiple groups of staff and students within the school district. See Table 

3.1 for participant demographics. 

 

Table 3.1.  CS Cohort Participant Data 

GRADE(S) SUBJECT(S)  YEARS OF EXPERIENCE 

6th grade Mathematics 1 – 5 

1st grade All subjects 6-10 

8th grade Science 6-10 

4th grade Mathematics, Science 6-10 

5th grade Mathematics 1-5 

6th grade Science, Social Studies 6-10 

PreK – 6th grade Art 11-15 

PreK All subjects 6-10 

6th grade Mathematics 6-10 

4th grade English/Language Arts 11-15 

PreK – 6th grade Instructional Coach 16-20 

3rd grade English/Language Arts 1-5 

4th grade English/Language Arts 1-5 

2nd grade All subjects 6-10 

5th grade Mathematics 6-10 

6th grade Science, Social Studies 1-5 

6th grade Science, Social Studies 1-5 

PreK – 6th grade Reading Specialist 16-20 

  

This research project would employ voluntary-response sampling, a non-probability 

sampling method. For this sampling strategy, people would volunteer themselves to participate, 

which meant that the not everyone had a chance to be included. It was anticipated that multiple 

types and samples of data collected during this project would be utilized to further this growing 
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wonder of teaching computer science in K-12, specifically in the K-6 realm where there are no 

certifications or exams required to do so. The project had been granted Institutional Review 

Board (IRB) approval and participants were provided with all relevant information before the 

project began and were asked to sign a statement of consent (Appendix B). This statement of 

consent also stated that participation may withdraw without penalty at any time.  As a reminder, 

these teachers were already participants in a larger district computer science initiative for which 

they were receiving financial compensation, but they were not compensated for participating in 

this research study.  Therefore, it was explicitly stated and understood that participation in the 

CS initiative was not dependent on participation in the research study and that participants were 

free to withdraw from the study at any time without losing their compensation for being a part of 

the initiative.  

Structure and Funding of Materials.  For non-trained teachers learning computer 

science skills, structure in professional development is especially crucial. As educators often 

begin with varying levels of familiarity with technology and coding concepts, having a structured 

approach can provide them with a clear and incremental learning path and learning goals, 

ensuring they build foundational knowledge before progressing to more advanced topics. By 

following a structured curriculum, non-trained teachers can gradually build confidence and 

competence in computer science, which is essential for integrating these skills into their teaching 

practices. 

Moreover, structured professional development programs for non-trained teachers can 

offer the necessary support and resources to foster continuous learning. In their research, Fuller 

and Unwin (2004) highlighted the importance of robust learning environments in enhancing 

employee performance in the workplace, but their research also applies to teachers learning new 
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skills in the classroom. For teachers, this means access to ongoing mentorship, collaborative 

learning opportunities, and practical applications of new skills through the integration of 

computer science skills and tools into the core curricular areas. The professional development 

also had to include checkpoints for feedback and reflection, allowing teachers to assess their 

progress and address any challenges they encounter. Building in this piece also allowed our 

teachers to look at their own learning more critically and set personal goals to continue to 

improve. 

As was stated previously, this training would involve both synchronous and 

asynchronous learning opportunities that included self-exploration time, face-to-face and virtual 

training sessions, integration in to classroom teaching experiences, attendance at a summer 

computer science conference, and participation in an on-going professional learning community.  

The participants were also asked to keep a personal reflection of their own learning through 

online journaling.  The tools and skills focused on in this professional development were selected 

using the newly revised 2023 Texas K-8 Technology Application TEKS vertical alignment 

(linked here) as a guide, but also included elements of choice for the teachers to self-select 

training on things that they were passionate about or wanted to learn about in greater detail.  

Additionally, elements from the district’s current computer science curriculum for elementary 

were included.  An overview of the professional development model used in this research is 

provided in Appendix C, but it is important to note that this should be considered as a suggestion 

or recommendation only, dependent on the availability of materials, funding, alignment 

requirements, etc. of the school or district that might attempt to replicate this study. 

 

https://tea.texas.gov/academics/subject-areas/technology-applications/tech-apps-vertical-alignment-strands.pdf
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Data Sources and Collection 

Data Sources.  Data for this research was collected from the 18 teachers in the CS cohort. 

With the significant redesign of the Texas Education Agency’s K-8 Technology Application 

TEKS that would be introduced in the 2024-2025 school year, there was a heightened sense of 

urgency to train teachers capable of instructing students in the area of computer science, which in 

turn had set up a fortuitous alignment with this case study, as the circumstances allowed for 

research in which some phenomenon was presently happening (Yin, 2014). In an earlier piece, 

Yin (2002) had also stated that case studies were a preferred strategy when the researcher has 

little control over events and when the focus is on contemporary phenomenon within some real-

life context, which also helped make this research project so relevant and timely.  

As case studies offer multiple approaches to instrumentation and data collection, there 

would be wide variety of available evidence to consider. However, to keep it manageable for one 

researcher three primary sources (pre-post surveys, semi-structured interviews, and notes from 

the researcher’s journal) would be employed, as well as current research and policies regarding 

computer science. In addition to the full support of the school district’s superintendent for this 

research project, approval from the Institutional Review Board (IRB) was also required for this 

research as it involved human beings as subjects and both have been been obtained. I also met 

with the teachers selected to participate and scheduled a meeting go to over the background 

information of the research, provided them with an opportunity to ask questions about the study 

and shared with them a link to the informed consent paperwork for them to sign indicating their 

willingness to participate. Presently, all 18 participants have agreed to the terms as outlined in 

the informed consent paperwork and have agreed to be a part of the research project as well as 

the professional development study. 
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Pre-Post Surveys.  The surveys were administered at the beginning of the project and at 

the conclusion.  The questions used in the survey were taken from the Teacher Efficacy and 

Attitudes Towards STEM (T-STEM) Survey, and were intended to “measure changes in teachers’ 

confidence and self-efficacy in STEM subject content and teaching, use of   technology in the 

classroom, 21st-century learning skills, leadership attitudes, and STEM career awareness” 

(Friday Institute, 2012). The initial survey results helped frame the first round of professional 

development for the program.   

At the conclusion of the project, a follow-up survey was administered to assess the 

impact of the professional development program on the participants. This survey, like the initial 

one, utilized questions from the Teacher Efficacy and Attitudes Towards STEM (T-STEM) 

Survey to ensure consistency and comparability of results. The concluding survey aimed to 

measure any shifts in teachers' confidence and self-efficacy in STEM subject content and 

teaching, their use of technology in the classroom, 21st-century learning skills, leadership 

attitudes, and STEM career awareness. The data collected from this final survey provided 

valuable insights into the effectiveness of the program, highlighting areas of growth and 

identifying any remaining challenges. The results were instrumental in evaluating the overall 

success of the initiative and informing future iterations of the professional development efforts. 

Semi-Structured Interviews.  I anticipated conducting at least two thirty-minute to forty-

five minute interviews with each participant during the course of this study to gain a 

comprehensive and thorough insight into their experiences. I chose to use a semi-structured 

protocol, which would allow my participants to expand on and elaborate on their responses 

during the interviews. As structured interviews do not provide this level of flexibility during 

responses, which can lead to additional probing questions and unanticipated discussion routes 
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(Creswell, 2013), I think that semi-structured interviews gave me the best chance to uncover and 

explore many facets, both intended and unintended.   

The following questions were approved by IRB to be a part of the interview protocol.  

 What new ideas have you gained thus far in your professional development training and 

how do you plan to implement these new ideas in your classroom?   

 To what extent has the training impacted your belief in yourself to learn new content and 

new pedagogy?   

 What additional resources or supports need to be put in place to ensure that computer 

science educational opportunities are accessible to all teachers and students?   

 What concepts are you struggling with, either from the professional development or the 

implementation of the professional development?   

 Is there anything else you would like to share? 

The full protocol script is located in Appendix D. 

Researcher’s Journal.  Maintaining a research journal was essential for me as it served 

as a comprehensive record of my research process, capturing the evolution of my thoughts, 

decisions, and reflections. This practice allowed me to document methodological choices, 

challenges encountered, and the rationale behind adjustments made throughout the study. 

According to Ortlipp (2008), keeping a reflective journal helps in making the research process 

transparent and aids in demonstrating the credibility and dependability of the study. By 

consistently recording my reflections, I was able to critically engage with my own biases and 

assumptions, thereby enhancing the rigor and depth of my analysis. 

Further, my research journal acted as a valuable tool for personal and professional 

development. It provided a space for me to articulate my learning experiences, track my 

progress, and identify areas for further inquiry and skill development. Janesick (1999) 

emphasizes that journaling fosters a reflective practice that is crucial for continuous 

improvement and self-awareness in qualitative research. The journal also became a rich source of 

data in itself, offering insights into my perspective and the dynamic nature of my research 



46 

 

journey. By systematically documenting my experiences, I was able to produce more nuanced 

and contextually grounded interpretations of my findings, ultimately contributing to the 

robustness of my research outcomes. 

Data Collection.  Stake (1995) defines analysis as “a matter of giving meaning to first 

impressions as well as to final compilations” which essentially means “taking our observations 

apart” (p. 71). He further contends that “Each researcher needs, through experience and 

reflection, to find the forms of analysis that work for him or her” (p. 77).  As both theoretical and 

conceptual frameworks were utilized for this research, multiple types of coding were employed 

as well.  A brief explanation of each follows. 

A priori coding is the analysis approach that aligned most closely to this study for the 

theoretical frameworks (TPACK and Self-Efficacy).  It is a qualitative data analysis technique 

where codes are determined before examining the data, based on pre-existing theoretical 

frameworks, literature reviews, or research questions. According to The Coding Manual for 

Qualitative Researchers, a priori codes are "derived from the research literature, theoretical 

constructs, or the specific objectives of your study” (p. 77). This approach allows researchers to 

systematically and consistently apply codes across data sets, facilitating comparison and pattern 

identification aligned with established theories or study aims (Saldaña, 2021). 

Descriptive coding was employed for the data captured within the conceptual framework 

models, Crawl-Walk-Run-Fly and Bruner’s Spiral Approach.  According to Saldana (2021), 

descriptive coding is appropriate for virtually every type of qualitative research, but especially 

appropriate for beginners (p. 88).  He further asserts that descriptive coding is one approach to 

documenting from field notes the tangible products that participants create, handle, work with, 

and experience on a daily basis (p. 88). 
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With a research project that is collecting multiple sources of data, it is important to 

establish those protocols from the outset, along with the proper chain of evidence, in order to be 

able to use the synthesis of the data to answer the research questions.  Establishing converging 

lines of evidence – data triangulation – is achieved when multiple independent sources all point 

to the conclusion. As this is the first research project of this magnitude that I have conducted, I 

anticipate following the structure set forth by Yin (2002), which asserts that case study 

researchers need to guarantee construct validity (through the triangulation of multiple sources of 

evidence, chains of evidence, and member checking), internal validity (through the use of 

established analytic techniques such as pattern matching), external validity (through analytic 

generalization), and reliability (through case study protocols and databases). This will help 

ensure that a novice researcher (like myself) maintains the integrity of the data collected and uses 

an established system to verify my findings. 

Ethical Considerations 

Ethical considerations are very critical to any research, and the responsibility of the 

researcher to safeguard the participants’ rights and information is a key process that must be 

fully developed to maintain the integrity of the study. Prior to beginning, the participating 

teachers were provided with consent forms and information documents that outlines the specific 

data pieces that will be collected during this research. Before looking at the ethical 

considerations of the participants and their data, it is fundamental that the researcher(s) do all 

within their power to ensure the integrity of the entire research process. This means, among other 

things, that the research is trustworthy (valid and reliable), that the findings are based on 

evidence, that the arguments are justified and that the acceptable guidelines for conducting 

research within the chosen paradigm are followed (Ramrathan et al., 2016). It is a tight rope to 
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walk – trying to be as transparent with research data as possible, while at the same time, ensuring 

the safety of your research participants. But for the research to be accepted by the educational 

community, these issues must be taken in to account and addressed to the greatest degree 

possible. 

This research has another layer of ethics to manage as this study is being conducted 

within in the researcher’s sphere of influence and they are deemed to be in the position of an 

‘insider’ (Fleming and Zegwaard, 2018). While there are a number of benefits to being an 

insider, there are key challenges that cannot be ignored, including the potential for implicit 

coercion of participants, acknowledging the desire for positive outcomes, ensuring tacit patterns 

and regularities are not taken for granted and being sensitive to potential conflicts (Fleming and 

Zegwaard, 2018).  To moderate this important piece of the research will require the services of 

an Institutional Review Board (IRB) to ensure participant safety and data safeguarding and the 

researcher is responsible for obtaining this permission. The researcher has received IRB training 

prior to beginning the research and has presented the required documentation to the Board for 

approval.  

With human participants, it all begins with informed consent. Denzin and Lincoln (2011) 

state that the cornerstone of ethical research is ‘informed consent’ and that both elements – 

‘informed’ and ‘consent’ require careful consideration. The ‘informed’ information was clearly 

stated from the outset and included basic details about the researcher, the intent of the research, 

what data would be collected, how it would be collected, used and reported, what would be 

required from the participants, and any potential risks. It would also include ‘consent’ 

information with how to “opt in” to the study, the right to withdraw at any time, assertions that 

all data will be kept confidential, their right to access their own data, and how a written process 
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of how to register a complaint or concern. All information related to the participants in this study 

would be stored on a stand-alone USB drive that would be password-protected and unattached 

from the cloud. All physical items/artifacts will be kept under lock and key, accessible only by 

the researcher and both participant and school data will be de-identified through the district’s 

student information system (SIS) and each participant will be assigned a multi-digit code 

identifiable only to the researcher.   

Strategies for Ensuring Trustworthiness 

In qualitative research, the criteria for quality work falls primarily under the heading of 

trustworthiness, meaning ‘Can the findings be trusted?’ (Lincoln & Guba, 1985 as cited by 

Korstjens & Moser, 2018) and the criterion referenced are often credibility, transferability, 

dependability and confirmability.  When it comes to data validity and reliability, there are 

protocols that must be adhered to. “In our search for both accuracy and alternative explanations, 

we need discipline, we need protocols which do not depend on mere intuition and good intention 

to ‘get it right.’” (Stake, 1995, p. 107). With a research project that is collecting multiple sources 

of data, it is important to establish those protocols from the outset, along with the proper chain of 

evidence, in order to be able to use the synthesis of the data to answer the research questions.  

Establishing converging lines of evidence – data triangulation – is achieved when 

multiple independent sources all point to the conclusion. As this is the first research project of 

this magnitude that I have conducted, I anticipate following the structure set forth by Yin (2002), 

which declares that case study researchers need to guarantee construct validity (through the 

triangulation of multiple sources of evidence, chains of evidence, and member checking), 

internal validity (through the use of established analytic techniques such as pattern matching), 

external validity (through analytic generalization), and reliability (through case study protocols 
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and databases). This will help ensure that a novice researcher (like myself) maintains the 

integrity of the data collected and uses an established system to verify my findings. 

The critical piece of reflexivity – critical self-reflection about myself as a researcher – 

will be on-going throughout the research. Just as I will ask participants to document their 

journey, I will also document mine with a goal to address my own biases and preconceived 

notions in an effort to be as transparent as possible. As a first-time researcher, I anticipate that I 

will have to work diligently to monitor my own opinions of how I think things should be going 

in the research and what I believe is most important for teaching/learning. Making sure that I am 

accurately describing the setting and aspects of interviews, focus groups, observations, etc. will 

help to provide an accurate portrayal of the data collection and analysis.  

Delimitations 

Delimitations are defined as boundaries or limits that the researcher imposes on the study 

and are often imposed prior to the execution of the study and are meant to narrow the scope and 

make the study more feasible (Kraemer-Holland, 2022). For this study, I identified two 

delimitations. The first was the criteria for participant inclusion and the second was the notion 

that participants are being compensated for participation.   

For inclusion into the study, the participants had to first agree to being a part of the CS teacher 

cohort, a district-led initiative. This included agreeing to take part in at least forty (40) hours of 

professional development off of their regular contract time, including two days in the summer for 

an out-of-town conference. For this, they would be a paid a sum of $2000.00. This payment 

would be made in three installments – May (for the work in the spring), August (for the work in 

the summer) and December (for the work in the fall). However, it was stressed repeatedly that 
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participation in the study would not be required for participation in the cohort. But, participation 

in the cohort would be required for participation in the study.  

Summary  

The release of updated statewide computer science standards (K-8 Tech Apps TEKS) and 

increased adoption of computer science across elementary schools in Texas has created unique 

challenges for educators. Teachers with multiple-subject credentials are attempting to teach an 

entirely new concept with limited support resources and discovering many issues that they 

cannot move past. Furthermore, the majority of research on teachers’ needs have been limited to 

secondary experiences, which has just exacerbated the already-tenuous situation at elementary 

and significant differences in teaching and learning from elementary to secondary perspectives 

have necessitated an urgent need for further research into elementary teachers’ experiences. The 

research questions were designed to understand elementary teachers’ experiences in learning and 

then teaching computer science in a large urban district. I anticipate gathering data through the 

phases and identified themes through coding and data analysis strategies shared in this chapter. 

The protocols employed will allow me to triangulate data to ensure validity and form a deeper 

understanding of elementary teachers’ experiences with computer science education. 

  



52 

 

Chapter 4 - Teachers Cannot Teach What They Do Not Know:  Using the 

TPACK Framework to Design, Implement, and Assess the Effectiveness of 

Computer Science Professional Development for Non-Computer Science 

Educators in K-6 

Abstract 

In a society dominated by technological advancements, the imperative for computer 

science education for all K-12 students has become undeniable, but identifying teachers capable 

of teaching the content has proven to be a formidable challenge.  This article addresses the 

critical need for computer science education in elementary schools while tackling the challenge 

of preparing teachers with non-computer science backgrounds to effectively teach these 

concepts. Drawing upon the Technological Pedagogical Content Knowledge (TPACK) 

framework as a research-based model, which emphasizes the integration of technological, 

pedagogical, and content knowledge, the article advocates for a holistic approach that aligns 

teacher preparation with the demands of 21st-century education. This research contributes to the 

broader discourse on professional development in education, offering insights into effective 

strategies for overcoming barriers and fostering innovation in elementary computer science 

instruction for all. 

  



53 

 

 Introduction – Statement of Problem 

The integration of computer science education at the elementary level holds significant 

promise for equipping students with essential skills for the digital age.   However, the potential 

success of this integration has been largely dependent on the teachers.  It has come with a 

significant challenge to equip educators without a formal background in computer science with 

the necessary knowledge and skills to teach it. This requires a commitment to a comprehensive 

professional development plan that is grounded in research-based theories to identify needs, 

address knowledge gaps, provide time to reflect and practice, etc. and that is framed by 

continuous improvement practices to create an iterative process to evaluate the program to meet 

the evolving needs of educators and students. 

The Technological Pedagogical Content Knowledge (TPACK) framework is a robust 

conceptual model for guiding professional development initiatives in technology. By 

understanding the dynamic interplay between technology, pedagogy, and content knowledge and 

how the relationship between the three can be used to enhance both teaching and learning 

experiences, the TPACK framework equips educators with a clearer picture of how technology 

intersects with pedagogical approaches and content knowledge, allowing them to discover 

meaningful ways to integrate technology tools and resources into their instructional strategies. 

This holistic understanding empowers educators to make informed decisions about selecting, 

implementing, and evaluating technology-enhanced teaching practices, thereby fostering more 

engaging and effective learning environments for students. This research project adopted the 

TPACK framework as its research-based model to use in the design, implementation, and 

assessment of a year-long professional development program tailored to teachers interested in 

teaching computer science, but who did not have the requisite background knowledge to do so.   
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 Research Background 

A review of the literature confirms that over the past decade, computer science efforts in 

K-12 have intensified and the need for in-service teachers to be properly trained in computer 

science content and pedagogy continues to be a challenge.  A brief look at each perspective 

provides sufficient evidence to support the validity of this research project. 

Increasing need for computer science in elementary education 

Positive learning experiences in elementary grades are particularly important, as students 

who build personal confidence and competency in science, math, and technology classes are far 

more inclined to take additional coursework around these subjects (Krauss & Prottsman, 

2017).  Early exposure to computer science and its related skills has also been shown to foster 

essential cognitive skills and problem-solving abilities and contribute to the development of 

critical thinking and creativity skills in young learners (Resnick et al., 2017).  Even before 

computers were in every home, Papert (1980) argued that computer science education in the 

early years encouraged a positive attitude towards technology, and empowered students to 

become active creators rather than just passive consumers of digital content, as they learned how 

and why computing technologies worked. Consequently, exposure to computer science and its 

related fields in K-12 could lay a solid groundwork for future academic and professional success, 

and allow students the opportunity to compete and thrive in a global society.   

Multiple studies show that there continues to be a growing interest in and commitment to 

providing opportunities for all students to learn computer science in the United States (Code.org, 

CSTA & ECEP Alliance, 2020; Gallup & Google, 2020).  According to a survey conducted by 

the Computer Science Teachers Association (CSTA) in 2019, 67% of K-12 school administrators 

expressed willingness to prioritize computer science education initiatives within their schools 
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(CSTA, 2019). As awareness has grown regarding the importance of computer science in 

fostering critical thinking, problem-solving, and computational literacy skills, educators are 

embracing opportunities to incorporate these principles across multiple content areas.  Parents 

are also becoming more aware of the importance of computer science education, with nine out of 

ten parents supporting the inclusion of CS learning in schools (Google & Gallup, 2016). Even if 

students do not go into a computer science-specific field upon graduation, research shows that 

almost every job available in this country will require some level of expertise in computer 

science and its related fields (Brown & Brown, 2020; Salehi et al., 2020).  

Challenges faced by non-computer science-trained teachers  

Teachers cannot teach what they do not know, and a professional development plan 

tailored to their needs is vital if teachers are to obtain the necessary content knowledge and then 

integrate their newly acquired skills into teaching.  Ni et al. (2021) underscored the critical role 

of ongoing training in enhancing educators' content knowledge, instructional practices, and 

confidence in delivering computer science education. The study emphasized that professional 

development initiatives built around the challenges faced by teachers without a computer science 

background are essential for promoting effective and sustainable integration into core content 

areas. Further, what had been routinely observed was that computer science teacher professional 

development was often too short in duration (usually lasting about a week in the summer), and 

only sometimes had an ongoing engagement component during the school year (Darling-

Hammond et al., 2017; Qian et al.2018) and that one-and-done professional development 

offerings sometimes lacked the necessary consistent follow-up opportunities needed for teachers 

to participate in order to feel that they can successfully learn new instructional techniques 

(Menekse, 2015; Franke et al., 2013; Yadav et al., 2016).  
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Ensuring high-quality instruction in any educational domain necessitates a 

comprehensive approach extending beyond mere mastery of content knowledge. Educators must 

possess a deep understanding of concepts and effectively convey concepts to students.  This 

foundational knowledge forms the basis for creating engaging and impactful learning 

experiences.  Equally crucial is the need for a robust support system through professional 

learning communities (PLCs) for ongoing professional development.  Lastly, establishing 

professional connections among the teachers facilitates collaboration and exchange of best 

practices.  Altogether, the synergy of well-prepared content knowledge, a strong support system, 

and professional connections create a dynamic framework that empowers teachers to deliver 

high-quality instruction, ultimately enhancing the learning experiences of their students. 

Utilizing the TPACK framework 

In the current educational landscape, the purposeful integration of technology has become 

paramount for effective teaching and learning. This is where the Technological, Pedagogical, and 

Content Knowledge (TPACK) Framework can be employed to determine the depth and breadth 

of the teacher’s personal accumulation of new knowledge, and it can also allow a deeper look 

into what the individual teacher does with the new content knowledge they have learned as they 

attempt to demonstrate that learning by teaching it to their students.  Using this research-based 

model as the conceptual framework for this study provided a uniform basis to evaluate the 

design, implementation, and assessment of the professional development program. 

The validity of the Technological Pedagogical Content Knowledge (TPACK) framework 

for professional development is evidenced by its ability to provide educators with a 

comprehensive understanding of how to integrate technology effectively into teaching practices 

(Koehler & Mishra, 2009). Proposed by Mishra and Koehler (2006) using Shulman’s PCK 



57 

 

Theory (1986) as a starting point, the TPACK framework starts with three basic constructs of 

knowledge that expands to seven constructs as the three basic constructs interact with each 

other.  The three basics are technological knowledge (TK), a knowledge of technology tools; 

pedagogical knowledge (PK), a knowledge of teaching methods; and content knowledge (CK), a 

knowledge of subject matter. 

 

Figure 4.1. Mishra & Koehler’s TPACK Framework (2007) 

Note.  Source: Reproduced by permission of the publisher. ©2012 by tpack.org. 

As these three constructs interact with each other, four additional knowledge sources are 

formed: technological pedagogical knowledge (TPK) is the knowledge of using technology to 

implement teaching methods; technological content knowledge (TCK) is a knowledge of subject 

matter represented with technology; and pedagogical content knowledge (PCK) is a knowledge 

of teaching methods with respect to subject matter content. Finally, the “sweet spot”, or place of 

intersection of all three sources,  is Technological Pedagogical Content Knowledge (TPACK), 

which puts all three together at their maximum potential to create the highest impact on student 

learning. Research has underscored the necessity of ongoing support and training for teachers to 

successfully incorporate computer science into the elementary curriculum. It also emphasizes the 
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importance of tailored professional development programs to enhance teachers' confidence and 

competence in delivering computer science education.  
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 Research Design 

Rationale for qualitative case study 

Case study methodology offers a compelling approach to studying elementary computer 

science education due to its ability to provide rich, in-depth insights into complex educational 

phenomena within real-world contexts. According to Yin (2014), case studies allow researchers 

to explore the intricacies of computer science instruction in elementary settings, including 

curriculum design, teacher practices, and student learning experiences. Moreover, as highlighted 

by Stake (2006), case studies facilitate the exploration of multiple perspectives, enabling 

researchers to capture the diverse viewpoints of stakeholders involved, such as teachers with 

varying years of experience, teachers who teach different grades and subjects, etc.  This holistic 

understanding is crucial for informing the development of evidence-based strategies to enhance 

computer science learning experiences at the elementary level (Weintrop et al., 2016) and 

enabled me to delve deeply into the complexities of this emerging field, yielding valuable 

insights that can inform both theory and practice. 

Research Project Design 

The purpose of this study was to determine if a year-long professional development 

program, built on the TPACK framework, could be an effective method for increasing teacher 

content knowledge, pedagogical skills, and technology acumen in the field of computer 

science.  Research questions included: 

1. How did utilizing the TPACK framework allow for a breakdown of the teacher’s 

understanding of computer science into addressable components and identify existing 

gaps when designing the program?  What impact does this information have on the 

program? 
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2. To what extent did aligning established professional development strategies with the 

elements of the TPACK in the implementation phase ensure that the teacher’s gaps in 

knowledge were addressed in the plan?  

3. How did the lens of the TPACK provide for a continuous improvement focus when 

assessing the overall effectiveness of the professional development project? 

This study required a year-long commitment from the educators that was broken down 

into quarters and included a variety of training forms: face-to-face, online (asynchronous and 

synchronous), group and individual, and each teacher took part in an on-going PLC as well as 

maintained a blog of their experiences through the study.  In the first quarter, the focus was on 

technological knowledge (TK), and the teachers were given a box of high/low tech devices to 

explore/play with on their own, complete tasks with each device, and blog about their 

experiences.   The second quarter’s learning objectives focused on content knowledge (CK) and 

included a variety of individual and group activities as well as bi-weekly PLC meetings.  In the 

third quarter, teachers focused on pedagogical knowledge (PK), discovering strategies to 

integrate computer science into their curricular areas as well as differentiation strategies to meet 

the needs of multiple learning types.  They also developed (or adapted) and taught a mini-lesson 

in their content area that included a set number of computer science skills.  For the fourth 

quarter, they developed and taught a unit in their subject area.  

 Location & Demographics   

This research project took place in a mid-sized, suburban Texas school district. The 

district has 21 elementary schools, 18 designated as Title I campuses, meaning that a minimum 

of 40% of the students must qualify for free or reduced lunch.  There were approximately 11,000 

students in K - 6, with a race/ethnicity breakdown as follows  
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Table 4.1.  District Race/Ethnicity Statistics (October 2023) 

Note. Source:  Data obtained from Texas Education Agency. ©2023. 

Race/Ethnicity No. of students in K-6 Overall % of K-6 students 

Latino/Hispanic 3,630 33% 

White 3,300 30% 

Black 2,240 22% 

Asian 880 8% 

Pacific Islander 330 3% 

Two or more races 440 4% 

 

 Participants   

The participants for this research project were recruited from the larger computer science 

initiative of the school district.  For this project, a recruitment flyer was sent out to all K - 8 

teachers in the district initiative in October 2022 and two Q&A meetings were held via Zoom in 

November and December 2022.  Information was shared about the overall goals of the project, as 

well as timelines and participant expectations.   

When recruitment was completed, participants included one male teacher and 17 female 

teachers.  Their years of experience ranged from 0 years to 20+ years and their subject areas 

ranged from core curricular areas to art to instructional coaching. Additionally, at the first 

meeting, each was asked to share a one-word superpower or strength that they would bring to the 

group that was incorporated into a pseudonym for each one, as they preferred their comments to 

be anonymous. Table 4.2 lists the pseudonyms, subject(s) taught and years of teaching 

experience for the participants.   
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Table 4.2.  CS Cohort Participant Data 

Superpower Pseudonym Subject(s) Teaching Years of Experience 

Newfangled Nancy All (self-contained) 6-10 

Consistent Cathy Science 6-10 

Present Patty Math, Science 6-10 

Creative Connie Math 1-5 

Empathetic Emily Science, Social Studies 6-10 

Crafty Campbell Art 11-15 

Curious Carla All (self-contained) 1-5 

Energetic Emma Math 6-10 

Engaged Elizabeth Instructional Coach 16-20 

Possibility Paula English/Language Arts 16-20 

Interested Irma English/Language Arts 1-5 

Passionate Pam All (self-contained) 1-5 

Positive Peg Math 6-10 

Excited Ella Science, Social Studies 1-5 

Driven Donna Science, Social Studies 1-5 

All-In Adam Math 1-5 

Learning Lisa Reading 16-20 
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Data Collection & Analysis 

Two primary types of data were collected during this project - surveys and 

interviews.  The teachers were also encouraged to maintain a blog where they could continually 

reflect on their own learning and others could comment, offer suggestions/advice, etc.   

The surveys were administered at the beginning of the project and at the conclusion.  The 

questions used in the survey were taken from the Teacher Efficacy and Attitudes Towards STEM 

(T-STEM) Survey, and it was intended to “measure changes in teachers’ confidence and self-

efficacy in STEM subject content and teaching, use of technology in the classroom, 21st-century 

learning skills, leadership attitudes, and STEM career awareness” (Friday Institute, 2012). The 

initial survey results helped frame the first round of professional development for the program as 

it provided data that aligned with the TPACK constructs of pedagogy, content, and technology 

knowledge in regards to computer science.   

Two in-person interviews were conducted with each participant -  one at the six-month 

mark and one at the end of the research.  These questions were designed to gauge the 

effectiveness of the implementation and to see what suggestions the participants might have to 

improve the training.    

After the interviews were conducted, the information was analyzed using an a priori 

coding process.  This process involved beginning with a set of predefined codes, in this case, the 

constructs of the TPACK Framework, and then identifying patterns, themes, and relationships 

within the data.  It was an iterative process and involved constant comparison and refinement as 

nuances embedded within the dataset were manifest.  As these were discovered, they led to a 

narrative woven within the data.   
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The a priori coding process also provided me with a systematic way to organize and 

make sense of my findings.  Using the TPACK Framework constructs helped ensure consistency 

throughout the analysis and provided a focused framework to help efficiently hone in on key 

themes and patterns within the data.  It also provided a solid level of transparency in qualitative 

research.    
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 Results 

TPACK Alignment Data 

Aligning the questions from the T-STEM Survey and TPACK Framework provided a 

research-based model to use to complete the initial assessment of each teacher’s knowledge of 

technology, content and pedagogy based on their pre-survey results and also identified gaps that 

needed to be addressed in the initial design of the program. The training was conducted in three 

rounds, with each round having its own set of items to be completed and reflected on.  I referred 

to the training as crawl-walk-run.  Using the concept of crawl-walk-run to teach new knowledge 

involved gradually introducing complex ideas in stages, starting with simpler concepts before 

progressing to more advanced ones (Mayer, 2019). Just as infants learn to crawl before they walk 

and eventually run, learners built a solid foundation of understanding before tackling more 

intricate topics. This incremental approach fostered comprehension, confidence, and mastery, 

ensuring that students are well-equipped to navigate and apply newfound knowledge effectively 

(Vygotsky, 1978). 

The crawl stage (January - April) centered around the teachers learning to use the 

technology tools themselves. They were given a series of tasks to complete for each one, then 

they had to post evidence of their work in our shared drive, and finally, reflect on their own 

learning on their blogs throughout their assignments.  The purpose of this stage was to let them 

play/explore at their own pace and build a solid foundation of personal understanding before 

attempting to teach it to someone else.  The walk stage (May - August) was next and not only 

provided additional time for solo work, but added the component of designing a 30-minute to 

one-hour technology training session on any one of their new tools, providing all lesson plans 

and documentation of having taught a lesson - whether it be to a single teacher, a small group, at 
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a faculty meeting, or to students.  They were also to continually reflect on their own blogs and 

read to provide constructive feedback on fellow participants' blogs.  Additionally, they were each 

able to choose a conference to attend - an in-person one within the state or a national one 

virtually.  There were reporting requirements for the conferences as well. The run stage was the 

concluding quarter of the year and required the participants to significantly redesign an existing 

unit (minimum of 5 days in length) within their curriculum to include at least four computer 

science/computational thinking tools, including multiple strategies specifically designed to teach 

the tools and have the students produce a product reflective of their learning. As with the other 

stages, they also had to reflect regularly on their blogs and give feedback to others. 

Technological Knowledge.  Even though most educators rated themselves extremely 

high in using computers on the pre-survey, when discussing technological knowledge in their 

first interviews, multiple participants acknowledged a knowledge deficit in this area, particularly 

in terms of emerging technologies.  Many cited lack of access to cutting-edge equipment as a 

major barrier to not only their learning, but to their students’ learning as well. Adam felt that if 

computer science was “the way to move the district and its students forward” that they [the 

district] would need to invest in newer and more capable devices for students and staff.  Ella also 

noted that, while the latest-and-greatest technology might not be available, that still “providing 

students with access of any kind to coding materials and resources at school helps close the gap 

with our low socio-economic students.” Clearly this construct is one that the district must 

address as it continues to move forward. 

At the end of the study, this area was still the weakest overall.  Of the 18 respondents, 14 

indicated some level of increased capacity regarding technological knowledge, saying that their 

expanded vocabularies of technical terms had helped them to “better articulate an issue” which 
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had led to “better and quicker response times from IT’s end.” Other concerns also bubbled up, 

including digital citizenship, safety, and cybersecurity which had not been observed in the first 

round.  

Content Knowledge.  Preparing teachers for computing education continues to be a 

critical challenge as there is much confusion around state and national certification standards and 

what content teachers actually need to learn and what skills they need to develop to become 

successful CS teachers (Grover & Pea, 2013). In the first interview, participants highlighted the 

struggles of learning about computer science and computational thinking beyond just surface-

level content knowledge.  Several mentioned having never heard the term ‘computational 

thinking’ before starting the cohort. Cathy felt like she was “learning not only a whole new set of 

skills, but also a whole new vocabulary.”  Nancy stated that as she learned more, her confidence 

grew and she felt empowered to use her new learning to “break down concepts for students to 

make the learning more manageable.”    For these teachers, starting with the basics was critical. 

In the second interview, the majority of the participants indicated that they had broadened 

their own personal knowledge of computer science and computational tools and how to use 

them, as well as many shared that they started to look forward to what others might be coming 

down the pike and how they could fit into the classroom.  

Pedagogical Knowledge.  When responding to questions about pedagogy in the survey 

and in their first interview, the participating teachers exhibited more confidence in their answers, 

citing specific examples of ways to integrate computer science concepts into the classroom 

including using task/problem cards, setting up stations for student exploration and creating 

student coding journals.  Regarding student coding journals, Danika stated, “The journaling 

aspect is brilliant!  Not only do they [the students] have a place to help keep them on-task and 
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organized, but they have somewhere to reflect on their learning, including what worked and what 

didn’t.” Peg touted the instructional strategy of setting up stations in the classroom for students 

to explore and rationalized that letting students explore or play is a great way to see what 

interests them when learning about new concepts.  Based on the first interviews with the 

participants, increased pedagogical knowledge enabled teachers to effectively integrate 

technology into their teaching, ensuring that digital tools enhance, rather than detract from, the 

learning process. This understanding of pedagogy within the TPACK framework emphasizes the 

importance of educators not only knowing their content but also possessing the skills to convey 

that knowledge effectively, fostering a positive and impactful learning environment. 

In the second round of interviews, participants stressed using computer science and 

computational thinking tools more “purposefully” in the classroom and discovering the benefits 

of utilizing the same device of multiple grades and content areas. Still, Anna emphasized that “If 

I am not well-versed in the subject matter, I will not know where I can best put these new tools 

in the curriculum for maximum student impact” and Marge said that “for more mature teachers, 

it will be important to help them move past the ‘this is always how we’ve done it mentality’” as 

they bring new ways of teaching into the classroom. 

Pedagogical Content Knowledge (PCK).  Pedagogical Content Knowledge (PCK) 

represents the unique intersection of pedagogy and subject matter expertise - what to teach and 

how to teach it - and it involves a strong understanding of how to make it accessible, meaningful, 

and engaging for students.  Educators possessing strong PCK understand not only what to teach 

(content knowledge) but also how to teach it (pedagogical knowledge), integrating appropriate 

teaching strategies to convey complex concepts to students while utilizing technological tools to 

enhance instructional practices (Koh, Chai, & Tsai, 2014). 
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When first questioned, cohort participants stressed the importance of being able to 

integrate computer science and computational thinking into core curriculum classes.  Grade-level 

core teacher Emma was emphatic in her interview stating “It is important that computer science 

(and computational thinking) not be seen as either ‘one more thing’ or as a ‘one-off’ to the rest of 

the grade-level curriculum…integration into all subjects will be critical to get the teacher buy-in 

we need.”  Still others, who teach non-traditional classes, were appreciative of the fact that 

computer science does reach beyond the traditional core content areas and can be integrated into 

their classes as well. 

In their second interview, the focus shifted slightly with multiple teachers expressing 

concerns about how digital citizenship would need to be incorporated into computer science skill 

sets, for both themselves and the students.  Mimi summed up the thoughts of many in the cohort 

when she stated that “Digital citizenship will be a critical training piece for teachers and students 

who will both need to be trained in the ethical use of AI” in her interview and questioned her 

own ability not only to learn of best practices in digital citizenship but how to impart that 

learning to her students so that they understood the importance of ethical behavior online.   

Technological Content Knowledge (TCK).  This construct refers to teachers' ability to 

understand how technology and content connect. Specifically, in the context of elementary 

computer science education, it identifies educators' proficiency in both computer science 

concepts and the appropriate use of technology to teach these concepts effectively. Proficiency in 

TCK empowers teachers to select age-appropriate software, programming environments, and 

interactive tools that align with the curriculum and cater to the diverse learning styles of 

elementary students (Sentance & Csizmadia, 2017). It also enables them to design creative and 

interactive learning experiences. 
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In the first conversation, participants expressed some of the same concerns here that were 

expressed in the technological knowledge section, which included 1) a knowledge deficit in 

emerging technologies, 2) a lack of access for students and teachers, and 3) a shortage of up-to-

date technological devices.  However they also indicated positives regarding TCK, including 

several who referenced utilizing online simulations and game-based learning platforms to 

provide exposure to CS-related career fields and opportunities.  Adam mentioned that his class 

was “going beyond traditional coding websites and showing them real-world online simulations 

in areas like Cybersecurity” to help them start thinking about possible pathways when 

matriculating to junior high.  Lisa and several of her colleagues also stressed the importance of 

providing age-appropriate resources and the need to work with your IT department to ensure 

suitability for the younger ages. 

When this was revisited in the second interview, many of the same issues arose 

again.  While there was not much that the researcher could do about access and up-to-date 

devices, I did feel like I could affect the first concern - that of a knowledge deficit in emerging 

technologies - by providing the cohort with as many resources in the field of emerging computer 

science technology as possible.  This might not have been the best practice, because Ally 

observed “More does not always equal better – I need to know what tool will best help facilitate 

the learning” was echoed by several in the group, leading me to rethink that particular strategy. 

Technological Pedagogical Knowledge (TPK).  Technological Pedagogical Knowledge 

(TPK) refers to teachers' understanding of how to effectively integrate technology into their 

teaching methods. Specifically, in the context of elementary computer science education, TPK 

involves educators' ability to combine their knowledge of pedagogy with technological tools to 

create engaging and effective learning experiences. It encompasses the skills to select 
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appropriate digital resources, design interactive lessons, and foster collaborative learning 

environments, ensuring that technology enhances the teaching process and supports student 

learning (Archambault & Barnett, 2010).  TPK plays a crucial role in shaping the learning 

experiences of young students, as effective integration of technology not only captures children's 

attention but also cultivates their interest and enthusiasm for computer science concepts. 

Teachers with strong TPK can employ various digital platforms, educational software, and online 

resources to present complex coding and computational thinking concepts in a comprehensible 

manner, making learning interactive and enjoyable (Voogt et al., 2013). Additionally, TPK 

enables educators to facilitate collaborative coding projects and interactive activities that 

encourage teamwork and problem-solving, essential skills in the digital age. 

One recurring theme emerged from the first round of questioning – knowing when to 

introduce the technology into the classroom beyond exploration and play.  Tiffany shared an 

experience of leaving a micro:bit on her desk and a student inquired about what it was and what 

it could do.  She said she honestly did not know and the student asked to play with it; within ten 

minutes, he and his friends had watched a couple of videos, done some simple testing, and 

completed the “Hello World” tutorial!  In her words, “The students are fearless and unashamed 

to ask for help when they cannot figure out what to do next.”   From their answers, it would 

appear that the teachers would do well to follow the example of their students. 

Technological Pedagogical Content Knowledge (TPACK).  This is the “sweet spot” – 

where it all comes together and the true magic happens!  The "sweet spot" in the TPACK 

framework represents the intersection of technological knowledge (TK), pedagogical knowledge 

(PK), and content knowledge (CK) and recognizes teachers' ability not only to comprehend the 

fundamental concepts of computer science (CK) but also to apply pedagogical strategies (PK) 
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that cater to the diverse needs of young learners. Simultaneously, it involves leveraging 

appropriate technological tools and platforms (TK) to enhance the learning experiences and 

make the subject matter accessible and engaging (Niess, 2005).  The importance of the "sweet 

spot" becomes evident when considering the dynamic and rapidly evolving nature of technology 

and available resources, and the multiple levels of cognitive abilities of elementary students. 

Teachers who are in this zone are adept at selecting age-appropriate technological tools that align 

with the curriculum, creating innovative lesson plans, and developing collaborative projects that 

not only deepen students’ understanding of computer science but also foster critical thinking, 

problem-solving skills, and a positive attitude toward technology and learning. 

Within the first round of interviews, participants indicated that getting to this level (and 

staying there) would be their ultimate goal as educators.  Hannah remarked “It was awesome to 

see the same CS tools being used across grade and subject levels – the teachers could work and 

learn together! Great synergy!”.  In her first interview she focused on the need to be intentional 

in the integration of new materials. The theme of intentionality carried into the second round of 

interviews where Ellie talked about being intentional when using computer science terms and 

vocabulary and provided a short example:   

I teach ELA and my co-teacher teaches math…we committed to using the word 

‘debugging’ in our instruction.  For math, it was to figure out why they had the wrong 

answer and the students had to go back and look at each step of the problem – like a line 

of code – and find their error.  For ELA, if their score on a comprehension was lower 

than normal, we would ‘debug’ and figure out where their comprehension (or fluency if 

that’s what I was testing) had broken down. 
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 Conclusion 

In conclusion, this article advocates for the integration of the Technological Pedagogical 

Content Knowledge (TPACK) framework into elementary computer science education 

professional learning as a means to enhance teaching practices and promote deeper learning 

among students and teachers. Through qualitative analysis and teacher reflections, the study 

underscores the importance of aligning technological tools with pedagogical strategies and 

subject content and being able to make adjustments as dictated by the data.  And now they can 

teach computer science, because they (better) know it. 

Program Design 

As a researcher, I felt like the overall design of the program was solid and not only took 

into account the knowledge that the teachers were coming into the program with, but also 

highlighted gaps in their learning, and provided a plan to address them.  By incorporating hands-

on experiences, collaborative learning opportunities, and real-world applications, I felt like the 

teachers developed a deeper understanding of computer science concepts while simultaneously 

honing their instructional strategies.  

Further, the design of this program prioritized flexibility and customization to 

accommodate varying levels of prior knowledge and experience. Going forward, offering 

differentiated pathways that allow the educators to engage with content at their own pace and 

address specific areas of interest or need would better honor the educators’ prior knowledge. 

Incorporating authentic, project-based learning experiences aligned with real-world contexts also 

helped enhance understanding and allowed for greater creativity and the development of personal 

problem-solving skills.   
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Lastly, integrating opportunities for interdisciplinary connections and cross-curricular 

collaboration provided an additional level of enrichment by encouraging educators to explore 

innovative ways of integrating computer science across subject areas. By emphasizing hands-on 

exploration and personalized learning pathways, I felt like the program design empowered 

teachers to become more confident in their own abilities and more proficient facilitators of 

computer science education in their classrooms. Empowered teachers gain confidence in their 

teaching strategies, allowing them to create more dynamic and engaging learning environments. 

With increased empowerment, teachers are better equipped to adapt their methods to meet 

diverse student needs, thereby enhancing their overall proficiency as facilitators. Moreover, a 

sense of empowerment encourages teachers to continuously pursue professional development, 

further honing their skills and effectiveness in the classroom. 

Program Implementation 

Incorporating critical elements such as professional learning communities (PLCs), 

collaborative learning opportunities, mentorships, and individual voice/choice laid a strong 

foundation for this program to be implemented with accuracy and consistency by the participants 

as implementation for teaching computer science to teachers requires careful planning and 

support mechanisms to ensure successful integration into educational settings. Beginning with 

comprehensive needs assessments and overall guidelines, this program tailored content and 

delivery methods to meet the diverse needs of educators. The professional development offered 

ample opportunities for hands-on exploration, peer collaboration, and ongoing support through 

coaching and mentoring, all of which were provided to strengthen teachers' confidence and 

competence in computer science learning and instruction. Moreover, embedding opportunities 
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for reflection and feedback allowed me the chance to continuously refine practices and address 

any challenges encountered along the way.  

By fostering a culture of experimentation, adaptation, and professional learning 

communities, this program helped develop the seeds of a potentially sustainable ecosystem 

where teachers could feel empowered to not only develop computer science skills of their own 

but also to incorporate computer science education effectively into their classrooms, ultimately 

equipping students with essential 21st-century skills. 

Program Assessment 

Even when every response from participants is glowing, there are always ways to 

improve the program to better meet the needs of the participants.  Utilizing tenets of continuous 

improvement when assessing program effectiveness involves an iterative cycle of data collection, 

analysis, and action to adapt to the evolving needs of students and ensure that teaching methods 

remain effective and relevant. By consistently refining and enhancing instructional strategies, 

educators can foster a more engaging and supportive learning environment, ultimately leading to 

better student outcomes. The key is to start by regularly collecting feedback from stakeholders - 

the program participants and their students, when possible.  Analyzing this data allows for 

informed decision-making and the implementation of targeted interventions to address identified 

challenges whether they are localized to one or two teachers or evidenced throughout the 

participants. Through ongoing reflection and adjustment, programs can adapt to evolving needs 

and circumstances, ultimately enhancing their effectiveness and ensuring sustained impact on 

teacher learning and student outcomes. 
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Limitations and Future Research 

The pre-survey helped with the initial design of the program’s contents and the data from 

the first round of interviews was used to make adjustments to the training as determined.  Three 

participants did not complete their second interviews but did finish all of their assignments.  I do 

not feel that this compromised the research and that what was reported was a fair and accurate 

representation of all of the participants.   

A key goal of the research was to prepare additional district teachers to teach computer 

science at the elementary level so that when the program was expanded to include additional 

schools, there was a pool of candidates with sufficient pedagogical and technological know-how 

to be able to teach the curriculum.  I feel like this was accomplished, particularly as this cohort of 

teachers requested to be able to continue to blog their learning and document their struggles and 

challenges, as well as their a-ha moments and successes. 

The recruitment of teachers to this project was teacher-driven; the project appealed to 

teachers who were interested in teaching and learning computer science and they self-selected to 

participate.  Upon reflection, I have identified two concerns with this approach that should be 

considered in the next round of research.  First, the teachers in this cohort did not evenly 

represent the diverse population mix of the school district they serve.  If the goal is to attract all 

students to computer science, then they must see themselves represented by the educators who 

teach it.  Second, these teachers signed on because of their own self-interest, and perhaps went 

above and beyond expectations because they wanted to be considered for any expansion 

positions that might be available at a future date.  A similar level of commitment might not have 

been present in teachers if they were assigned to be a part of a cohort. As such, should a project 

of this nature be undertaken in the future, adjustments will need to be made to the recruitment 
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process to ensure that the representation of participants more accurately reflects the diversity of 

the school district and that support structures are put in place to compensate for the potential self-

selection bias of the participating teachers. 
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Chapter 5 - The Little Learners That Could (And Did!): Getting On 

the Track to Computer Science Success in K-6 by Improving 

Teacher Self-Efficacy through Targeted Professional Development 

ABSTRACT 

In a society fueled by technological advancements, the imperative for computer science 

education for all K-12 students has become undeniable. Yet, identifying teachers with the 

confidence and competence to deliver this content has emerged as a formidable challenge.  

This article highlights the critical need for computer science education in elementary schools, 

while simultaneously delving into the pivotal role of teacher self-efficacy, which is a person’s 

belief in their ability to accomplish a goal or task. It navigates the terrain of preparing educators, 

especially those without formal backgrounds in computer science, to effectively impart computer 

science concepts by examining the intersection of pedagogical and content knowledge training 

and the cultivation of self-efficacy beliefs as examined through the lens of Bandura’s theory of 

self-efficacy.  

This research offers insights into empowering teachers to navigate the digital landscape 

with confidence and competence, first as a learner, then as a teacher, thus situating them to be 

able to equip the next generation with essential skills for success in an increasingly tech-driven 

world. 
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 Introduction - Statement of Problem 

In the world of K-12 education, the integration of computer science into the curriculum 

has long stood as a formidable task, much like the journey depicted in Watty Piper’s tale (1930), 

"The Little Engine That Could."  In this beloved children’s classic, a small blue engine bravely 

agrees to pull a long train over a mountain after larger engines refuse, motivated by her mantra, 

"I think I can, I think I can." Through perseverance and a positive attitude, the little engine 

succeeds, teaching the value of optimism and determination. Today’s teachers have to be the 

small blue engines who believe that they can be the ones who will finally succeed in getting 

computer science integrated into elementary classrooms, even if they are not completely 

confident in their own abilities to teach the skills.  One of the persistent challenges in this 

endeavor has been the shortage of adequately trained computer science teachers, which has led 

many schools to rely on educators with backgrounds in other disciplines to teach computer 

science. While these non-computer science trained teachers bring valuable skills and 

perspectives to the classroom, their ability to learn and then teach computer science has remained 

a topic of concern; and if they cannot learn it, they cannot teach it. That confidence in one’s 

ability to achieve specific tasks or goals is often referred to as self-efficacy, and in this case, the 

task would be to learn the subject themselves, and then be able to turn around and successfully 

teach it to their students.  This research project followed a group of elementary educators on a 

year-long journey of self-discovery, exploring the factors that propelled them forward and the 

barriers they encountered along the way in both learning and teaching elementary computer 

science.  

As the little engine's journey serves as an allegory for perseverance and self-belief, so too 

does Albert Bandura's (1977) Theory of Self-Efficacy illuminate the concept of personal 



83 

 

motivation in the realm of education. Drawing on this theory as a theoretical framework, this 

project explored the extent to which non-computer science-trained teachers perceived themselves 

capable of acquiring computer science knowledge and skills, as well as the factors that 

contributed to or inhibited their self-efficacy in this domain.  I gathered a diverse sample of non-

computer science-trained for a year-long professional development teachers to provide insights 

into their experiences, challenges, and strategies for learning and teaching computer science.  

By examining their self-efficacy through the lens of Bandura's theory, this article will 

provide insights that can inform the development of tailored interventions and supports. 

Ultimately, much like the little engine's triumphant cry of "I thought I could, I thought I could," 

the goal is to empower non-computer science-trained teachers with the confidence and tools they 

need to navigate the challenging terrain of computer science education, ensuring that every child 

has the opportunity to embark on their own journey of discovery in the world of computer 

science. 
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 Research Background 

Elementary school is a time when children are naturally curious and open to learning new 

things, making it an ideal time to introduce computer science concepts, to prepare students for 

the demands of an increasingly technology-driven world (Engel, 2011).  But teachers cannot 

teach what they do not know and equipping them with the needed content, pedagogical, and 

technological knowledge is the critical first step to this becoming a reality. Previous research has 

highlighted the importance of teacher self-efficacy in various educational contexts, 

demonstrating its significant impact on instructional practices, student engagement, and 

academic achievement (Bandura, 1997; Tschannen-Moran & Woolfolk, 2001). However, limited 

attention has been directed towards examining the self-efficacy of non-computer science-trained 

teachers specifically in the context of learning computer science. Existing studies have primarily 

focused on the self-efficacy of computer science teachers with formal training or have explored 

broader aspects of computer science education, neglecting the unique challenges and 

opportunities faced by non-computer science-trained educators transitioning into the field of 

computer science education (Margulieux et al., 2016; Tondeur et al, 2012). This indicates a 

pressing need for empirical research that investigates the factors influencing non-computer 

science-trained teachers' self-efficacy in learning computer science, as well as the implications of 

their self-efficacy beliefs for classroom practice and student learning outcomes. 

The need for computer science education in elementary schools 

Computer science education in elementary schools is increasingly recognized as crucial 

in preparing students for success in the digital age. Introducing those specialized concepts at an 

early age helps develop fundamental skills and knowledge that are essential in today's 

technology-driven society. As technology continues to play a significant role in various aspects 
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of daily life, including communication, problem-solving, and innovation, equipping students 

with these skills becomes imperative (Education Corner, n.d.). Moreover, integrating computer 

science education into elementary schools has been shown to foster creativity, critical thinking, 

and collaboration among students. By engaging in activities such as coding, robotics, and 

algorithmic problem-solving, students learn to approach challenges systematically and develop 

resilience in the face of obstacles (School of Education Online). Research by Resnick et al. 

(2009) suggests that hands-on experiences with computer science concepts not only enhanced the 

students' problem-solving skills but also promoted their confidence and motivation to learn. 

These types of experiences lay the foundation for lifelong learning and empower students to 

become active creators and innovators in an increasingly digital world. 

Finally, equitable access to computer science education in elementary schools is essential 

for addressing disparities in STEM (science, technology, engineering, and mathematics) 

participation and achievement, and it is also critical for innovation and economic growth 

(AAUW, 2015). It requires a concerted effort to challenge stereotypes, but in doing so, schools 

can help bridge the digital divide and promote diversity and inclusion in STEM . As emphasized 

by the National Science Foundation (2017), early exposure to CS education can inspire students 

from underrepresented groups to pursue further studies and careers in STEM, ultimately 

contributing to a more diverse and innovative workforce. 

Challenges faced by non-computer science-trained teachers 

Teachers require adequate content knowledge and ongoing professional development to 

effectively integrate new skills into their teaching practices. Niess et al. (2021) emphasized the 

importance of tailored professional development plans to address the specific needs of educators, 

particularly those without a background in computer science. Such initiatives play a crucial role 
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in enhancing teachers' content knowledge, instructional practices, and confidence in delivering 

computer science education within core content areas. However, existing professional 

development programs often fall short in providing sustained support and follow-up 

opportunities for teachers. Darling-Hammond et al. (2017) and Qian et al. (2018) observed that 

these programs typically consist of short-duration workshops, often lacking ongoing engagement 

during the school year. Moreover, one-time professional development offerings frequently fail to 

provide consistent follow-up opportunities necessary for teachers to fully internalize new 

instructional techniques (Menekse, 2015; Franke et al., 2013; Yadav et al., 2018). 

Effective instruction goes beyond content mastery and fosters critical thinking, problem-

solving, and the ability to apply knowledge in real-world contexts. It involves creating an 

engaging learning environment that encourages students to explore, question, and connect 

concepts to their experiences, thereby promoting deeper understanding and lifelong learning 

skills (Bransford, Brown, & Cocking, 2000; Darling-Hammond et al., 2008). This foundational 

knowledge is essential for creating engaging and impactful learning experiences. Additionally, 

teachers benefit from robust support systems, such as professional learning communities (PLCs), 

which provide ongoing opportunities for collaboration, reflection, and growth. Establishing 

professional connections among teachers further facilitates the exchange of best practices and 

enhances the overall quality of instruction (DuFour, 2004). In summary, the synergy of well-

prepared content knowledge, strong support systems, and professional connections empowers 

teachers to develop a strong sense of self-efficacy, which in turn helps them deliver high-quality 

instruction, ultimately enriching the learning experiences of their students. 
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Utilizing Bandura’s Theory of Self-Efficacy 

Bandura's theory of self-efficacy offers a valuable framework for evaluating teachers and 

their impact on student learning. Self-efficacy refers to individuals' beliefs in their capabilities to 

organize and execute actions necessary to attain desired goals (1986). In the context of 

education, teachers' self-efficacy beliefs significantly influence their instructional practices, 

student motivation, and overall classroom climate. By assessing teachers' self-efficacy beliefs, 

educational institutions can gain insights into their effectiveness as educators and identify areas 

for professional development. 

Research has consistently shown that teachers with high levels of self-efficacy are more 

likely to adopt innovative instructional strategies, persist in the face of challenges, and create 

supportive learning environments. For example, a study by Tschannen-Moran and Woolfolk Hoy 

(2001) found that teachers' self-efficacy beliefs positively correlated with student achievement 

outcomes. Teachers succeed when their students succeed.  By evaluating teachers' self-efficacy 

beliefs, valuable information can be obtained that contributes to effective teaching practices and 

provides targeted support to enhance teachers' confidence and effectiveness in the classroom. 

Additionally, Bandura's theory (1977) emphasizes the importance of vicarious experiences in 

shaping self-efficacy beliefs. Teachers serve as role models for their students, and their behavior 

and attitudes can influence students' beliefs about their own capabilities. By assessing teachers' 

modeling behaviors and their ability to foster a growth mindset in students, administrators can 

gauge their effectiveness in promoting positive self-efficacy beliefs among students. This 

approach not only enhances student motivation and academic performance but also contributes to 

the overall quality of education. 
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Bandura's theory of self-efficacy provides a valuable lens through which to evaluate 

teachers and their impact on student learning. By considering teachers' self-efficacy beliefs and 

their influence on instructional practices and student outcomes, schools can make informed 

decisions about teacher professional development and support. Integrating principles from 

Bandura's theory into teacher evaluations also fosters a more comprehensive understanding of 

teaching effectiveness and contributes to the continuous improvement of educational practices. 

His theory highlights four major constructs - mastery experience, vicarious experience, 

social persuasion, and emotional state.  The fishbone diagram, Figure 5.1, provides a visual 

explanation of Bandura’s Theory of Self-Efficacy. 

 

Figure 5.1.  Visual Representation of Bandura’s Theory of Self-Efficacy (1977) 

Note. Source: Data from “Self Efficacy:  Toward a Unifying Theory of Behavioral Change” (Bandura, 1977).  

  

The first construct, mastery experiences, emphasizes the importance of personal 

accomplishments and successes in building self-efficacy. When learners experience success in 

mastering tasks or skills, they develop confidence in their abilities to tackle similar challenges in 

the future. These successes serve as a powerful source of self-efficacy, shaping their beliefs 

about their own competence and fostering a growth mindset (Bandura, 1994).  
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The second construct, vicarious experiences, highlights the role of observation and 

modeling in shaping self-efficacy beliefs. Learners gain confidence not only through their own 

experiences but also by observing others similar to themselves successfully perform tasks. In this 

instance, role models demonstrate skills and strategies, showing what can be achieved. Through 

vicarious experiences, learners can envision themselves mastering similar tasks, thereby 

strengthening their self-efficacy beliefs (Bandura, 1986). 

The third construct is social persuasion, and it focuses on receiving support from others.  

This support can include verbal and nonverbal encouragement, feedback, and motivation from 

others that can have a positive effect on an individuals' self-efficacy beliefs. Positive 

reinforcement and encouragement can bolster a learner’s confidence in their capabilities, even in 

the face of challenges or setbacks, which may result in them feeling more empowered to persist 

and overcome obstacles, thus strengthening their self-efficacy beliefs (Pajares, 2002). 

The fourth construct, the emotional state, focuses on the influence of an individuals' 

emotional well-being and physical state on their self-efficacy beliefs and performance. Anxiety, 

stress, fatigue, and other negative emotions can undermine self-efficacy, leading to reduced 

motivation and performance. Conversely, positive emotional states such as enthusiasm, 

calmness, and confidence can enhance self-efficacy and facilitate optimal performance. 

Addressing learners’ physiological and affective states can promote a positive mindset and 

cultivate resilient self-efficacy beliefs conducive to academic success (Bandura, 1997). 
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 Research Design 

Research design is the structured plan that guides the methods and procedures of a 

research study, ensuring that the research questions are effectively addressed. It is important 

because it provides a clear framework for collecting, analyzing, and interpreting data, which 

enhances the validity and reliability of the study. Research design also helps in identifying the 

appropriate tools and techniques for data collection, making the research process more efficient 

and systematic. Additionally, a robust research design anticipates potential challenges and 

includes strategies to mitigate them, thereby increasing the overall quality and feasibility of the 

study. 

 Why Qualitative Research 

Qualitative research is a method used to understand things in their natural settings by 

focusing on people's experiences and perspectives. Instead of numbers, this approach collects 

data like words, images, or objects through interviews, focus groups, and observations. It's 

especially useful for exploring complex issues where understanding the context and details is 

important, helping researchers capture the richness and variety of human experiences that can't 

be easily measured with numbers. 

One of the main advantages of qualitative research is its ability to provide a deep and 

detailed understanding of a situation from the viewpoint of those involved. Creswell and Poth 

(2018) note that it allows researchers to uncover patterns and themes in social phenomena that 

quantitative methods might miss. This is crucial for studying areas where different factors are 

closely linked and hard to separate, like in cultural studies, education, and healthcare. 

Additionally, qualitative research is key in developing new theories and ideas. By offering 

detailed descriptions and challenging existing beliefs, it helps build a thorough understanding of 
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social processes. Denzin and Lincoln (2018) argue that this method is essential for creating a 

well-rounded understanding that often leads to further quantitative research and testing. Overall, 

qualitative research is vital for advancing knowledge by providing rich, context-based insights 

into complex issues. 

 Why employ a case study methodology 

The utilization of case study methodology presents a compelling avenue for investigating 

elementary computer science education, offering profound insights into multifaceted educational 

phenomena within authentic settings. As articulated by Yin (2014), case studies afford 

researchers the opportunity to delve into the nuances of computer science instruction in 

elementary contexts, spanning curriculum design, teacher methodologies, and student learning 

encounters. Case studies are valuable because they allow researchers to gather detailed 

information from various sources, like interviews, documents, and observations. Yin also adds 

that, "The distinctive need for case studies arises out of the desire to understand complex social 

phenomena" (2018). In other words, case studies help researchers capture the full picture of a 

situation, including all the different factors that influence it. 

 How this research project was organized 

This research was centered around 18 teachers who were interested in learning more 

about computer science - both for themselves and for their students.  They agreed to participate 

in a year-long program of study that also included pre-and-post surveys, interviews, and personal 

and peer-to-peer reflections.  The guiding questions being addressed in this research were: 

1. How does the perceived self-efficacy of non-trained computer science teachers influence 

their ability to effectively learn new concepts and teaching methodologies? 
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2. To what extent does the self-efficacy of non-trained computer science teachers impact 

their confidence in teaching computer science topics, such as programming languages 

and algorithmic thinking, to students at various educational levels? 

3. How do interventions aimed at enhancing the self-efficacy of non-trained computer 

science teachers, such as professional development workshops and mentoring programs, 

affect their motivation, competence, and performance in teaching computer science? 

The training unfolded across three distinct phases, each tailored to specific learning 

objectives and reflective practices. Termed as "crawl-walk-run," this instructional approach 

aligns with developmental theories, progressively introducing complex concepts in stages akin to 

the developmental milestones of infancy (Mayer, 2019; Vygotsky, 1978). During the crawl stage 

(January - April), emphasis was placed on teachers familiarizing themselves with the tools 

through hands-on tasks. They engaged in exploration at their own pace, documenting their 

progress and reflections on personal blogs. This phase aimed to establish a robust foundational 

understanding before transitioning to instructional delivery. In the walk stage (May - August), 

teachers advanced to designing and delivering technology training sessions, integrating newly 

acquired skills into instructional contexts. This phase included opportunities for solo work, peer 

feedback exchange, and professional development attendance, fostering both individual growth 

and collaborative learning. The run stage marked the culmination of the training, challenging 

participants to redesign existing curriculum units to incorporate computer science tools 

comprehensively. Through iterative reflection and peer engagement, teachers refined their 

instructional strategies, ensuring alignment with learning objectives and promoting student-

centered learning experiences. 
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Location. This study was conducted within a mid-sized, suburban Texas school district. 

As of November 2023, the district included 21 elementary schools, with 18 designated as Title I 

campuses, indicating that at least 40% of students qualify for free or reduced lunch. The district 

serves approximately 11,000 K-6 students, with the following racial/ethnic breakdown: 

Table 5.1 District Race/Ethnicity Statistics (October 2023) 

Note:  Data obtained from Texas Education Agency, ©2023. 

Race/Ethnicity No. of students in K-6 Overall % of K-6 students 

Latino/Hispanic 3,630 33% 

White 3,300 30% 

Black 2,240 22% 

Asian 880 8% 

Pacific Islander 330 3% 

Two or more races 440 4% 

 

 

Participants. Participants in this research were drawn from the broader computer science 

initiative of the school district, in which the author serves as a district STEM administrator. 

Recruitment occurred through the distribution of a flyer to all K-8 teachers involved in the 

district initiative in October 2022, followed by two Zoom Q&A meetings in November and 

December 2022. These sessions provided information on the project's objectives, timelines, and 

participant expectations. When recruitment was completed, there was one male teacher and 17 

female teachers participating; their years of experience ranged from 0 years to 20+ years and 

their subjects taught ranged from core curricular areas to art to instructional coaching.  

Additionally, at our first meeting, I asked each of them to share a one-word superpower 

or strength that they would bring to the group and I incorporated that into a pseudonym for each 
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one, as they preferred their comments to be anonymous. Table 5.2 lists the participants by their 

superpower pseudonym (to preserve anonymity), what subject(s) each of the participants 

currently teach and the total number of years they have been teaching.   

For complete transparency, it should be noted that the teachers selected to participate in 

this research project were recruited from the broader district initiative that was operating 

concurrently.  Those participating in the broader computer science initiative were compensated 

for their work, but the teachers involved in this research project were not compensated for their 

time in this study. 

GRADE(S) SUBJECT(S)  YEARS OF EXPERIENCE 

6th grade Mathematics 1 – 5 

1st grade All subjects 6-10 

8th grade Science 6-10 

4th grade Mathematics, Science 6-10 

5th grade Mathematics 1-5 

6th grade Science, Social Studies 6-10 

PreK – 6th grade Art 11-15 

PreK All subjects 6-10 

6th grade Mathematics 6-10 

4th grade English/Language Arts 11-15 

PreK – 6th grade Instructional Coach 16-20 

3rd grade English/Language Arts 1-5 

4th grade English/Language Arts 1-5 

2nd grade All subjects 6-10 

5th grade Mathematics 6-10 

6th grade Science, Social Studies 1-5 

6th grade Science, Social Studies 1-5 

PreK – 6th grade Reading Specialist 16-20 

Table 5.2.  CS Cohort Participant Data 

 



95 

 

Data Collection & Analysis 

Two primary types of data were collected during this project - surveys and interviews.  

The teachers were also instructed to set up and maintain an online blog where they could 

continually reflect on their own learning and others could comment, offer suggestions/advice, 

etc.   

The surveys were administered at the beginning of the project and at the conclusion.  The 

questions used in the survey were taken from the Teacher Efficacy and Attitudes Towards STEM 

(T-STEM) Survey, and it is intended to “measure changes in teachers’ confidence and self-

efficacy in STEM subject content and teaching, use of technology in the classroom, 21st century 

learning skills, leadership attitudes, and STEM career  awareness” (Friday Institute, 2012). The 

initial survey results aided in the design of the first round of professional development for the 

program as it showed clear trends in teacher’s perceptions of their own abilities and knowledge 

in regards to computer science.   

Two in-person interviews were conducted with each participant -  one at the six-month 

mark and one at the end of the research.  These questions were designed to gauge the 

effectiveness of the training as well as assess teacher’s comfort levels with the materials 

introduced. 

After the interviews were conducted, the information was analyzed using an a priori 

coding process.  This process involved beginning with a set of predefined codes, in our case, the 

constructs of Bandura’s Theory of Self-Efficacy, and then identifying patterns, themes and 

relationships within the data.  It is an iterative process and involved constant comparison and 

refinement as nuances embedded within the dataset were manifest.  A story emerged from the 

data as these relationships were discovered.   
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The a priori coding process also provided me with a systematic way to organize and 

make sense of my findings.  Having the predefined set of constructs (mastery experiences, 

vicarious experiences, social persuasion, emotional state) from Bandura’s theory (1977) helped 

provide a focused framework to hone in on recurring themes and data points.  It also ensured 

consistency throughout the analysis thus adding a solid layer of transparency to the qualitative 

research.   
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 Results 

Creating an alignment between the T-STEM Survey and the four constructs from 

Bandura’s Theory of Self-Efficacy provided me with a research-based framework to begin the 

initial assessment of each teacher’s perception of their own abilities.  It also helped identify gaps 

in their knowledge that needed to be addressed in the initial design of the program. 

 Mastery Experiences (Past personal successes) 

In the realm of teaching elementary computer science, the application of Bandura's theory 

of self-efficacy is particularly relevant for educators who are learning to teach this subject. 

Mastery experiences, reflecting past personal successes in mastering specific skills or tasks, play 

a pivotal role in shaping teachers' self-efficacy beliefs. As teachers engage in professional 

development activities, coding workshops, and collaborative curriculum planning, successful 

experiences in understanding and applying computer science concepts contribute significantly to 

their confidence in teaching the subject effectively (Bandura, 1997). Bandura’s theory also posits 

that repeated mastery experiences that lead to an increased sense of self-efficacy, has a positive 

influence on teachers’ willingness to persist in their own struggles and adaptations of their 

instructional strategies.  It also builds the foundation of confidence in their own ability to convey 

complex concepts to young learners and it is essential for fostering a growth mindset in their 

approach to learning and teaching computer science, ultimately enhancing the overall quality of 

instruction (Tschannen-Moran & Hoy, 2001). 

In the first interview, when questioned about past personal successes with computer 

science, the teachers reflected on previous positive experiences with leading student coding and 

robots clubs, as well as learning new skills in professional development training.  Positive Paula 

raved about the fantastic after-school student club attendance that climbed each week as more 
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and more students wanted to join and said that it “excited me and motivated me to continue my 

own learning!”.  Curious Carla remarked how inspiring it was that all students were afforded the 

opportunity to learn computer science when she stated “Seeing all students getting to work with 

the robots – not just the advanced academic students or those who finish their work first – is 

exciting and shows a strong commitment to equity and closing the gap for all of our learners, 

which makes me want to keep learning too.”  

When presented with the same question at the end of the professional development, the 

consensus was that the teachers really appreciated the time they had to ‘play’ with the devices 

and become more comfortable with them personally before having to tie them to their subject 

areas and introduce them to students.  Generous Gina proudly stated:  “Now that I have more 

confidence in myself, I am constantly looking for better resources and higher-quality materials 

that I can infuse into my lessons.”  That little engine was definitely on the right track!  

 Vicarious Experiences (Watching others succeed) 

Vicarious experiences involve observing others succeed in a particular task or domain. In 

the context of teachers learning to instruct elementary computer science, vicarious experiences 

become vital as educators often look to colleagues, mentors, or expert instructors for models of 

effective teaching practices. When teachers see their peers successfully navigate coding 

challenges, implement engaging instructional strategies, or effectively manage technology-

enhanced classrooms, it can significantly impact their own self-efficacy beliefs. The observation 

of others' achievements in teaching computer science serves as a powerful source of inspiration 

and confidence-building (Bandura, 1997) that can have substantial influence on a teacher’s self-

efficacy and instructional practices. Creating collaborative learning environments, where 

teachers can share successes and challenges, can provide rich opportunities for vicarious 
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experiences, fostering a supportive professional learning community that benefits all involved 

(Tschannen-Moran & Hoy, 2001). 

Several teachers in this cohort were at the same schools and more than one mentioned 

that being able to work with other cohort members, as well as interested teammates, to figure 

things out, gave the educators a built-in PLC and cheering section. In her first interview, Excited 

Ella remarked that she loved having another teacher on her campus involved in the cohort.  She 

explained: “We are able to bounce ideas off of each other, show each other what we know, and 

celebrate together when we are able to figure something out!”.  Present Patty commented that 

seeing students work together, take chances, and find success/failure gave hope to the “old 

folks”, as she called herself and her teammates! Those same feelings of working together and 

providing support also came through in their second interviews but focused on the success of the 

students.  Motivated Molly noted how excited students were to share new knowledge with each 

other and with her and Empathetic Emily discussed moving towards a more facilitator-type role 

in the classroom as the gradual release of responsibility was employed in her classroom and she 

became more of a guide-on-the-side and less of a sage-on-the-stage type teacher.  Her self-

awareness of shifting to the facilitator role was echoed by several others in their interviews as 

well as Generous Gina remarked “I just needed to move out of their way and let them run with 

it!”. Emphasizing the guide-on-the-side approach proved to be a great way to foster active 

learning and critical thinking, and encourage students to engage with the material and develop 

their own problem-solving skills.  

My researcher take-away from this construct was that I believe that being able to create 

that collaborative learning environment and safe space to fail, was an integral part in setting both 

student and teacher up for success.    
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 Verbal Persuasion (Positive verbal feedback) 

Verbal persuasion, the third element in Bandura's theory of self-efficacy, involves 

receiving positive feedback and encouragement from others. For teachers learning to instruct 

elementary computer science, positive verbal feedback becomes instrumental in shaping their 

confidence and belief in their teaching abilities. Supportive comments from mentors, colleagues, 

or professional development facilitators can serve as a potent source of motivation, fostering a 

sense of efficacy in navigating the challenges of teaching computer science effectively (Bandura, 

1997). Positive reinforcement can come in various forms, such as acknowledgment of effective 

lesson planning or successful implementation of technology-enhanced activities or management 

of coding projects in the classroom. This type of encouragement not only boosts teachers' 

confidence but also reinforces their commitment to continuous improvement in teaching 

computer science (Tschannen-Moran & Hoy, 2001). 

The power of verbal persuasion was affirmed by multiple participants in the first round of 

interviews, several of whom commented on the influence this had on their own self-efficacy.  

Engaged Essie noted how important it was that administrators could see the value of integrating 

CS/CT and encouraged attendance at relevant workshops, provided collaboration time, and let 

participants show off their learning at staff meetings and other key times.  Empathetic Emily 

shared that she had to remind herself that she is a learner too and that it was “ok to struggle and 

even fail when I am trying to figure out these devices”.  She also stated that “I feel like I am 

speaking to myself like I would to my students.” When trusted sources offer genuine 

encouragement, it can significantly enhance one's confidence and motivation to tackle 

challenges. Verbal persuasion holds the power to transform perspectives and inspire action by 

deftly appealing to emotions and logic. Used wisely, it can bridge divides, inspire movement and 

effect profound change. 
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Revisiting this question in the second interview highlighted a concept that emerged as a 

trend in the data - the positive verbal feedback for the teachers started coming from their 

students!  Roles had reversed in these teachers’ classrooms as the students took on the role of 

cheerleader to encourage their teachers to continue to learn and to teach them.  Passionate Pam 

remarked how wonderful it was to have students ask about what she was learning and how she 

felt it was doing with her assignments.  Consistent Cathy shared that she received an email from 

a campus administrator who had done a walkthrough in her classroom on a day she was 

introducing a computer science-based concept.  The administrator remarked that it “warmed his 

heart to see the students asking leading questions or offering targeted suggestions” to keep the 

lesson moving.  Parents in one class also chimed in, with Energetic Emma stating in her 

interview that “parents have even called/emailed to let me know the positive changes they are 

seeing in their children towards school, with them even going so far as to share with them how 

they ‘helped’ the teacher in class that day!”  Clearly, word was getting out that something special 

was happening in the classrooms of the cohort teachers.   

 Emotional State (Personal well-being & awareness) 

The last element of Bandura’s theory of self-efficacy involves the emotional state, or 

personal well-being and awareness of the participants.  The complex nature of teaching computer 

science, especially in the rapidly evolving landscape of educational technology, can be 

challenging, so being able to navigate the uncertainties associated with learning and 

implementing new pedagogical approaches and technologies effectively requires emotional 

resilience and grit (Bandura, 1997).  Cultivating emotional intelligence in teachers enhances their 

ability to adapt to changing circumstances, promote a positive classroom environment, and foster 

a growth mindset among students (Brackett & Katulak, 2006) and allows them to have positive 
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emotional experiences, such as enthusiasm, joy, and a sense of accomplishment, that contribute 

to increased self-efficacy beliefs and motivation to persevere through challenges. 

In their first interviews, participants were quick to highlight the need for a growth 

mindset, greater empathy, and professional responsibility.  Learning Lisa acknowledged that 

struggles are real for all learners and that letting her students see her struggle to learn helped 

them see her in a different light – not as the know-it-all at the front of the class, but as a learner 

who struggled like they did at times.  She and others expressed that their own levels of empathy 

were increased, which led to decreased stress levels in the classroom for all and promoted a 

sense of helpfulness and optimism.  Interested Irma summed up their feelings with this powerful 

observation: “I felt myself in my student’s shoes…it reminded me how hard learning something 

new can be, but it also gave me confidence once I learned how to do it.” Acknowledging the 

struggle and then pushing through it perfectly typified the little blue engine’s mantra of “I think I 

can, I think can” (1930) as the teachers continued to move forward. How grateful I am as a 

researcher that these teachers agreed to participate, of course, but also were so thoughtful in their 

feedback and reflections. 

Looking back over the whole program in the second interview, two themes emerged.  The 

first prevailing message from the participants was that establishing a positive classroom 

environment that promoted a growth mindset and allowed for mistakes, by both students and 

teachers, was the critical first step that could not be ignored.  Twelve of them, independent of 

each other, acknowledged that their classrooms seemed to run much more smoothly and that 

stress levels had decreased for both students and teachers.  A number of them also indicated that 

their colleagues who were not part of the project had noticed some of these positive changes and 

wanted to learn more.   
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The second theme centered on their responsibility to meet the students where they were.  

Newfangled Nancy spoke of the cohort’s professional collective determination to lead the way 

for their students, even if it meant they would struggle.  She remarked “I recognize that this is 

just the tip of the iceberg when it comes to technology – so many new things are being developed 

every day like AI and Chat GPT.  I will be doing my students a disservice if I can’t share at least 

a passing reference to get them to hopefully want to learn more.” And, like the little blue engine 

that could, Excited Ella positively proclaimed “I CAN do this!  I actually have been doing it, I 

just did not realize it until I learned more about it…and I am good at it!” Just as the determined 

little engine faced daunting challenges on its ascent up the mountain, non-trained computer 

science classroom teachers have been confronted with their own uphill climb of incorporating 

computer science education into classrooms worldwide.  As these educators reach the top of their 

mountains, their pride is evident as is the excitement of what integrating computer science into 

their curriculum can look like.   
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 Conclusion 

As “I think I can” (Piper, 1930) became “I thought I could”, the project concluded and 

the teachers reached the peaks of their own professional development mountains,, a host of 

insights into teacher self-efficacy, targeted professional development and computer science 

integration at the elementary level were illuminated.   

Self-Efficacy and Teacher Learning 

As a researcher, I found the program's overall design to be more than acceptable for 

addressing both the existing knowledge base of participating teachers and identifying areas for 

improvement and new learning, as it aligned with the four constructs of Bandura’s theory of self-

efficacy. It offered a combination of hands-on experiences, collaborative learning, and real-world 

applications, with the goal of fostering a deeper understanding of computer science concepts and 

refining instructional approaches. Flexibility and customization (emotional state) were key 

features, catering to diverse levels of expertise of those involved. By allowing educators to 

progress at their own pace and focus on specific interests (mastery experiences), the program 

promoted self-engagement and personal skill development.  Having them continually reflect on 

their own practice as well as the experiences of others (vicarious experiences), also helped build 

a sense of community and support.   

Additionally, the inclusion of authentic, project-based learning experiences encouraged 

creativity and problem-solving. Interdisciplinary connections were also emphasized (social 

persuasion), enabling the teachers to integrate computer science into their various subjects. 

Through this approach, teachers gained confidence and proficiency in facilitating computer 

science education, ultimately benefiting their students' learning experiences (as well as their 

own!). 
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Self-Efficacy in Teaching Computer Science 

As evidenced by their unfiltered responses in interviews and blog reflections, these 

teachers had to accept that there were things that they did not know that their students already 

had knowledge of, such as the one teacher handing her micro:bit over to her students.  But, they 

also had to believe that they were capable of learning it as well.  So, increased self-efficacy in 

teaching computer science served as a cornerstone for educators, fostering a robust sense of 

confidence and competence in navigating new and unfamiliar learning.  

From the data, as teachers developed a deeper understanding of the concepts through 

personal exploration, their efficacy in delivering instruction was amplified.  Moreover, as they 

witnessed the tangible impact of their teaching, their belief in their own ability to facilitate 

meaningful computer science education was enhanced.  This led to a positive feedback loop of 

continued teachers’ personal learning of computer science concepts as well as refined teaching 

practices which bolstered confidence and set the expectation for students to do likewise. 

Importance of targeted professional development systems 

This professional development program placed a strong emphasis on nurturing teacher 

self-efficacy in computer science education. Through personalized support, ongoing feedback, 

and opportunities for reflection, teachers were encouraged to build confidence in their own 

ability to effectively learn and then teach computer science concepts. By providing a supportive 

environment where they could take ownership of their learning and development, the program 

aimed to enhance teacher self-efficacy, ultimately leading to more empowered and effective 

instructors in the classroom. As teachers gained confidence in their own skills and abilities, they 

were better equipped to inspire and motivate each other as well as their students 
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, fostering a culture of curiosity and achievement in computer science education. One 

teacher even noted that participating in the cohort was the “coolest thing I’ve ever done as a 

teacher!”, which led me to believe that this training and subsequent learning and teaching 

opportunities truly did have a positive impact on the participants! High teacher engagement is 

crucial when learning is meaningful, as it directly impacts student motivation and achievement. 

Research indicates that teachers who find their work meaningful and are deeply engaged create a 

positive learning environment that fosters student engagement and success. According to the 

EdCan Network, teacher engagement is driven by factors such as autonomy, mastery, and 

purpose, which align with what motivates most people. When teachers feel they have control 

over their work, can perform it well, and see it as contributing to a larger purpose, they are more 

engaged and effective in the classroom (Bearisto, 2012). 

By integrating key components like professional learning communities (PLCs), 

collaborative learning opportunities, mentorships, and individual voice/choice, this program 

established a solid foundation for participant fidelity. Teaching computer science to educators 

necessitates meticulous planning and supportive structures for successful integration into 

educational settings. Through thorough needs assessments and comprehensive training 

guidelines, the program tailored its content and delivery methods to suit the diverse needs of 

educators. Having the opportunities to reflect and provide feedback also allowed for an on-going 

assessment of the program’s effectiveness and gave space for the resolution of any challenges or 

barriers that developed. 

Fostering a culture of experimentation, adaptation, and professional collaboration, the 

program laid the groundwork for a potentially sustainable ecosystem. Here, teachers were 

empowered to develop their own computer science skills and effectively integrate computer 
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science education into their classrooms, thus equipping themselves and their students with 

indispensable 21st-century competencies. 

Limitations and Future Research 

One limitation of my research was that less than 100% of participants completed the 

program. The non-finishers did complete and turn in all of their assigned work, but did not 

participate in the second face-to-face interview.  Although I did not thoroughly explore the 

reasons for non-completion, I do not believe that the missing interviews affected the overall 

validity of the findings.  Despite these limitations, the insights I gathered from those who did 

complete the program still offered valuable information for refining and enhancing the training. 

The primary aim of the research was to equip district teachers from non-computer science trained 

backgrounds to teach elementary-level computer science, and success was evidenced by the 

enthusiasm of the over 80% who did complete the program to continue documenting their 

learning experiences, indicating increased self-efficacy in their learning and teaching abilities. 

While recruitment from a group that received financial compensation might have seemed 

like trying to stack the deck to ensure success, it resulted in a cohort that didn't fully mirror the 

diversity of the district’s student population.  Making a more targeted approach to recruit 

teachers who look more like the students should be considered when deploying this plan. This 

approach also raised concerns about participants' motivations and potential bias towards future 

opportunities Future projects should address these issues by refining recruitment strategies to 

ensure a more representative participant pool and by implementing support mechanisms to 

mitigate self-selection bias among teachers, and seek to develop a broader sense of self-efficacy 

within the teaching community. 
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Chapter 6 - One Size Does Not Fit All: Fusing Linear & Non-Linear 

Learning Approaches for a K-6 Computer Science Professional 

Development Initiative  

Abstract 

This article proposes a professional development training plan designed to empower non-

computer science (CS) teachers to effectively integrate CS concepts into their curriculum in K-6. 

Drawing upon the strengths of both the Crawl-Walk-Run-Fly (CWRF) Model of professional 

development and Jerome Bruner's Spiral Curriculum Approach, the training plan offers a 

structured and scaffolded framework to guide teachers through the process of learning CS. The 

crawl-walk-run-fly model provides a progressive pathway, starting from foundational basics and 

advancing to more complex topics, while Bruner's spiral approach emphasizes the iterative 

revisiting of key concepts to gain a deeper understanding of them. By integrating these 

pedagogical frameworks, an effective professional development plan can provide differentiated 

instruction, support diverse learning needs, and promote deep understanding and long-term 

retention of CS knowledge.  

Through the collaborative professional development initiative, non-CS teachers can gain 

the necessary knowledge, skills, and instructional strategies to cultivate computational thinking 

and problem-solving skills in themselves, and gain the abilities and confidence to teach them to 

their students, preparing them for success in an increasingly digital and interconnected world. 
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 Introduction to the Problem 

As computer science (CS) continues to gain prominence in educational settings, there is a 

growing need for non-CS teachers to integrate computational thinking and coding skills into their 

curriculum. However, many educators face challenges in effectively teaching CS due to limited 

background knowledge and training in the subject. To address this gap, this article describes the 

development of a professional development training plan tailored specifically for non-CS 

teachers, drawing upon the strengths of the crawl-walk-run-fly model and Bruner's spiral 

curriculum approach (1966). By combining these two pedagogical frameworks, educators can 

provide comprehensive and scaffolded support to facilitate the learning and teaching of CS 

concepts in a manner that aligns with learners' developmental stages and promotes deep 

understanding. 

The crawl-walk-run-fly model offers a structured progression that guides teachers and 

students through the process of learning CS concepts, starting from foundational basics and 

gradually advancing to more complex topics. This model acknowledges the diverse needs and 

starting points of learners, allowing educators to differentiate instruction and provide tailored 

support to meet individual learning goals. Integrating Bruner's spiral curriculum approach (1966) 

further enhances this framework by emphasizing the iterative revisiting of key concepts in a 

progressively more sophisticated manner to develop a deeper understanding. This iterative 

approach promotes deeper comprehension and long-term retention of CS knowledge by 

encouraging learners to build upon prior learning experiences and make connections between 

different concepts and applications. 

By developing a professional development training plan that leverages the strengths of 

both the crawl-walk-run-fly model and Bruner's spiral approach, non-CS teachers can gain the 
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necessary knowledge, skills, and instructional strategies to effectively teach CS concepts in their 

classrooms. This integrated approach fostered a supportive learning environment that promoted 

active engagement, risk taking, and a lifelong passion for learning new things. It also encouraged 

participants to view challenges as opportunities for learning and continuous improvement.   

This article will demonstrate how fusing the two models to prepare non-CS trained 

educators yielded a positive return on a school district’s investment in a year-long professional 

development plan. This systematic and empowering approach provides both content and 

pedagogical knowledge that will better prepare educators for the increasingly important role of 

teaching computer science in elementary schools. 
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 Research Background 

A comprehensive examination of scholarly research reveals a noticeable surge in 

computer science initiatives within K-12 education over recent years. Despite this momentum, 

the persistent challenge of adequately equipping in-service teachers with the requisite computer 

science knowledge and pedagogical skills remains evident. Each perspective examined in brief in 

this section sheds light on the pressing need addressed by this research endeavor.  It includes a 

focus on the increasing need for computer science education in elementary, the lack of properly 

trained in-service teachers to teach the subject matter, and the importance of employing the 

crawl-walk-run-fly model as a research-based framework and blending it with Bruner’s spiral 

approach to create a robust training plan grounded in research that promotes a growth mindset 

and encourages continual reflection and improvement. 

The increasing need for computer science education in elementary schools 

It takes little effort to recognize the pivotal role of computer science education in 

elementary schools and that it has surged in recent years. Teaching digital concepts to students at 

an early age is increasingly recognized as vital for their future success and has been shown to 

help children develop essential skills for navigating the modern world and prepares them for 

technology-driven careers. Engaging with STEM (Science, Technology, Engineering, Math) 

subjects from a young age has also shown to help develop critical thinking, curiosity, and 

problem-solving skills, which are crucial in today’s digital age (School of Education Online). 

According to Resnick et al. (2009), hands-on experiences with computer science concepts 

enhance problem-solving skills while bolstering students' confidence and motivation to learn, 

laying the groundwork for lifelong learning and empowering them to become active creators and 

innovators, not just consumers of technology. This perspective aligns with research by Grover 
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and Pea (2013), which underscores the importance of early exposure to computer science in 

fostering computational thinking skills essential for navigating a technology-driven world. 

Ensuring equitable access to computer science education in elementary schools is crucial 

for addressing disparities in STEM participation and achievement. By affording all students, 

regardless of background or socioeconomic status, opportunities to engage in CS learning 

experiences, schools can help mitigate the digital divide and promote diversity and inclusion in 

STEM fields (Misha, 2023). As highlighted by the National Science Foundation (2017), early 

exposure to CS education inspires students from underrepresented groups to pursue further 

studies and careers in STEM, contributing to a more diverse and innovative workforce. This 

perspective echoes findings by Margolis and Estrella (2010), emphasizing the transformative 

potential of inclusive CS education initiatives in fostering equitable access and participation in 

STEM. 

Finally, research suggests that early exposure to computer science education can have 

long-term effects on students' academic and professional trajectories. By instilling computational 

thinking skills and digital literacy from a young age, students are better equipped to navigate an 

increasingly technology-dependent society and pursue advanced studies and careers in STEM 

fields. Studies by Guzdial and Ericson (2015) highlight the positive impact of sustained 

engagement with computer science education throughout the K-12 years, correlating with 

increased interest and persistence in STEM disciplines at the collegiate level. Therefore, 

integrating computer science into elementary education not only fosters immediate benefits in 

terms of skill development and creativity but also lays the groundwork for future academic and 

career success in a rapidly evolving digital landscape. 
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Challenges of equipping non-CS trained teachers to effectively teach computer 

science 

Teachers' effectiveness in integrating new skills into their teaching practices hinges on 

both adequate content knowledge and ongoing professional development to learn how to best 

impart that content knowledge to their students (Niess et al., 2021). Thus, tailored professional 

development plans are crucial, particularly for educators without a background in computer 

science, as they focus on enhancing content knowledge, instructional practices, and teacher self-

confidence in delivering computer science education within core content areas (Niess et al., 

2021). However, research has shown that existing professional development programs often lack 

sustained support and follow-up opportunities. Short-duration workshops, most often during 

summer months, dominate these programs, with limited ongoing engagement opportunities 

during the school year (Darling-Hammond et al., 2017; Qian et al., 2018). Additionally, one-time 

offerings frequently overlook consistent follow-up opportunities, hindering teachers' ability to 

fully internalize the new material that they have learned, which in turn may prevent them from 

successfully imparting that new knowledge to their students (Menekse, 2015; Franke et al., 2013; 

Yadav et al., 2018). Effective CS instruction must go beyond content knowledge and include 

teachers' firm understanding of concepts as well as their skillfulness and confidence in conveying 

them to students. This foundational knowledge is pivotal for building and delivering engaging 

and impactful learning experiences.  

Teachers benefit from robust support systems, such as professional learning communities 

(PLCs), which foster ongoing collaboration, reflection, and growth (Niess et al., 2021). 

Establishing professional connections among teachers further facilitates the exchange of best 

practices, enriching the overall quality of instruction. It also provides teachers with a learning 
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partner that they can reach out to when they are struggling.  In essence, the combination of well-

prepared content knowledge, robust support systems, and professional connections empowers 

teachers to cultivate a strong sense of self-efficacy, a belief in themselves that they are capable of 

learning and teaching new content. This, in turn, enables them to deliver high-quality instruction, 

ultimately enhancing the learning experiences of their students. 

Research also underscores the importance of ongoing mentorship and coaching as 

integral components of effective professional development for teachers. Mentoring programs 

provide personalized support and guidance, allowing educators to receive targeted feedback and 

tailored assistance in implementing new instructional strategies (Kraft et al., 2020). By pairing 

novice teachers with experienced mentors, perhaps by local industry or higher-ed partnerships, 

these programs create opportunities for collaborative learning and skill development. 

Additionally, coaching interventions offer real-time support and reflective dialogue, empowering 

teachers to refine their practice and address specific instructional challenges (Kraft et al., 2020). 

The inclusion of mentoring and coaching within professional development initiatives not only 

enhances teachers' capacity to integrate new skills but also fosters a culture of continuous 

improvement within educational communities. 

Devoting time and effort to designing a professional development plan that encompasses 

each of these components from the start is a critical first step.  Doing so will help realize the end 

goal of developing teachers whose backgrounds are not in CS to be effectively skilled in CS 

content, as well as instructional strategies, that can deliver meaningful and impactful learning 

experiences for their students.   
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Importance of a research-based model in professional development design 

A research-based model is imperative when designing professional development 

initiatives because it ensures that training plans are grounded in evidence and aligned with best 

practices in education. Research-based models provide a systematic approach to professional 

development, guiding the selection of activities and resources that have been shown to be 

effective in improving teaching practice and student learning outcomes (Garet et al., 2001). 

Additionally, research-based models promote accountability and continuous improvement by 

encouraging educators to regularly evaluate the impact of professional development initiatives 

and make data-informed adjustments as needed (Wei et al., 2009). Ultimately, a research-based 

approach to professional development fosters a culture of evidence-based decision-making and 

ensures that resources are invested in initiatives that have the greatest potential for success. 

The Crawl-Walk-Run-Fly (CWRF) approach is one such research-based model that has 

been used in core subject areas to introduce simple tasks then advance to more challenging ones, 

and the foundation on which the professional development plan to deploy CS at the elementary 

level for this research project was based.  This strategy emphasizes mastering the fundamentals 

first, then slowly taking small steps to scale up to success.  Employing it in our research project 

allowed the teachers to have extended amounts of time in each area to gain the confidence and 

self-efficacy needed to successfully engage with the students.  Figure 6.1 illustrates the four 

phases of the CWRF; a brief explanation of each phase follows. 
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Figure 6.1.  Visual Representation of Crawl-Walk-Run-Fly (CWRF) Model  

Note.  Source: LinkedIn.com, used by permission. ©2019. 

 

In the crawl phase, learners are introduced to fundamental concepts and skills through 

structured instruction and guided practice, laying the groundwork for deeper exploration by the 

individuals (Smith & Johnson, 2018).  This phase serves as a crucial building block, fostering a 

solid understanding of fundamental principles and building a firm foundation for subsequent 

growth (Herold, 2017). If this step is skipped over or enough time is not devoted to it, the learner 

is starting with a handicap right out of the gate.  In this introductory phase, participants are 

introduced to the foundational concepts and skills needed to teach elementary computer science.   

Just as infants learn to crawl before they walk, the crawl stage focuses on exploration, 

experimentation and acquisition of basic competencies (Smith & Johnson, 2018).  Additionally, 

this stage provides an opportunity for the learners to play and develop a sense of curiosity in the 

subject matter (Jones, 2017). 

Transitioning to the walk phase, the learners start to test out their newly-acquired 

knowledge and skills.  They do this by integrating them into their teaching practices, through 

hands-on activities, project/problem-based lessons and through interdisciplinary connections 

(Smith & Johnson, 2018). This phase encourages experimentation, collaboration, and on-going 

reflection, as well as gathering feedback and making some refinements in their instruction.  As 

they experience small successes, the learners tend to demonstrate increased autonomy and 
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competence during this phase, as they continue to refine their skills and further develop their 

critical-thinking abilities (Stevens & Anderson, 2018).  

As they quicken their stride and advance to the run stage, the learners reach that level of 

proficiency where they demonstrate that they can confidently lead computer science instruction, 

design innovative computer science curriculum and serve as advocates for computer science in 

their schools and communities (Smith & Johnson, 2018). This phase marks a significant 

advancement, showing how far they have come through the crawl and walk phases, to being able 

to successfully apply complex concepts and techniques related to computer science (Brown & 

Johnson, 2017).  The learners also feel equipped to tackle challenging tasks and projects with 

confidence, and want to engage in learning and developing additional computer science content 

(Garcia & Anderson, 2020).  Overall, the run phrase represents a job well-done, as the non-

trained CS teacher has now successfully gained the requisite knowledge and skills to make 

significant contributions to CS education at the elementary level. 

The addition of the fly phase represents the pinnacle of mastery and innovation within the 

educational context being studied. In this phase, the learners not only demonstrate high levels of 

proficiency but also excel in pushing boundaries, driving change, and contributing to 

advancements in their field (Garcia & Smith, 2019).  This phase is defined by a strong sense of 

continuous improvement, where learners engage in self-directed learning, creative problem-

solving, and personal leadership development. By integrating the fly phase, the crawl-walk-run-

fly model provides a comprehensive framework for lifelong learning and academic growth, 

empowering students to thrive in a rapidly evolving educational landscape. 
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Bruner’s Spiral Curriculum Approach to complement the CWRF Model 

At its core, Jerome Bruner’s spiral curriculum approach, grounded in his theory of 

cognitive development, emphasizes the importance of scaffolding learning experiences to match 

the learner's current level of understanding while progressively introducing more complex 

concepts (Bruner, 1960). The spiral metaphor reflects the idea that learners continuously spiral 

back to previously encountered concepts but at increasingly sophisticated levels, thereby 

expanding and refining their understanding with each iteration (Bruner, 1966). This approach 

aligns with the notion that learning is not always a linear progression but rather a dynamic and 

ongoing process of constructing meaning through interaction with one's environment as well as 

prior learning experiences and knowledge. Figure 6.2 illustrates a view of Bruner’s spiral model.  

 

Figure 6.2. Bruner’s Spiral Curriculum Approach (1960) 

 Note.  Source: Creative Commons, used by permission.  ©2023 by Gagandeep Kaur. 

 

In computer science education, Bruner's spiral curriculum approach can be effectively 

applied to facilitate the learning of introductory concepts and skills while laying a foundation for 

the development of higher-order thinking abilities essential for computational thinking and 
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problem-solving. His model emphasizes revisiting key concepts in a progressively more complex 

manner, and by revisiting and expanding upon these foundational concepts iteratively, learners 

not only solidify their understanding but also develop the ability to apply them in increasingly 

sophisticated contexts, mirroring real-world software development scenarios (Feldman et al., 

2017). Further, in one study, the spiral approach was shown to encourage active engagement and 

exploration and enabled the learners to discover connections between various subjects and 

understand how knowledge can be integrated and applied across multiple disciplines (Haden & 

Wilensky, 2014).. 

As the teachers engaged in learning CS concepts, they were able to spiral back to 

foundational ideas while progressively exploring more advanced topics (Bruner, 1966). This 

approach highlighted that CS education is not merely about imparting a new set of skills but also 

about fostering deep conceptual understanding and problem-solving abilities that evolve over 

time.  The professional development program for teachers clearly defined a culture of continuous 

learning and innovation as well as personal reflection, ultimately empowering educators to 

inspire and prepare the next generation of digital citizens. 
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 Research Design 

Research Project Design 

The purpose of this research project was two-fold:  first, to design, implement and assess 

a professional development program for in-service elementary teachers to learn computer science 

skills and pedagogy and second, to chronicle the experiences of a district computer science 

cohort of teachers through a year-long professional development journey.  These teachers 

volunteered to take part in the project and were not compensated for their time, except in the 

form of my undying gratitude. 

The following sections provide justification for the design of the project, a review of the 

research questions with a short explanation of each one and their importance to the project, 

detailed information about the research participants and their backgrounds, and the data 

collection and analysis protocol employed.  

Utilizing a qualitative case study approach 

Because this project dealt with human subjects and their feelings/emotions centered 

around a certain phenomenon, a qualitative case study approach was selected.   According to 

Merriam (1998), qualitative case study approaches are highly adaptable, and allow researchers to 

modify their strategies as new data emerges. This flexibility turned out to be crucial when 

dealing with dynamic environments such as classrooms of elementary students or unexpected 

developments within the case. I found it to also allow for deeper engagement with participants, 

fostering a stronger sense of trust and openness, which I felt led to more authentic and insightful 

data.   Employing this methodology enabled me to thoroughly investigate this evolving field, 

yielding valuable insights for both theory and practice without recycling my previous work. 
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Review of the Research Questions 

Guiding questions are fundamental in a research project as they help to establish the 

study's focus, ensuring alignment with its objectives and scope. In this project, they provided a 

structured framework for data collection and analysis, assuring a systematic exploration of the 

research topic. They also helped delineate the critical aspects of the phenomenon that was being 

investigated and kept the investigation focused on specific targets. The guiding questions driving 

this research project were: 

1. What was the researcher's experience designing and implementing a professional 

development program that is grounded in the Crawl-Walk-Run-Fly model layered with 

Bruner’s Spiral Curriculum Approach model? 

2. What was the overall learning experience of the participating teachers in a professional 

development program that is grounded in the Crawl-Walk-Run-Fly model layered with 

Bruner’s Spiral Curriculum Approach model? 

 

Regarding the first question, this actually became a two-part question that altered my 

entire project.  First, it prompted me as the researcher to begin the project by reflecting on what I 

considered to be key elements of an effective professional development program and how those 

could be incorporated into the training I was preparing. Three components emerged that became 

the basis of my training plan. Second, it led me to define criteria to use in selecting established 

research-based models on which to build said plan. Both of these questions and their subsequent 

answers will be discussed in the Results section. 

The second question gave me the opportunity to do a deep dive into the teachers’ initial 

survey responses and blogs and note how their individual experiences, beliefs, and backgrounds 

influenced their approach to this professional development. I also thought knowing that their 

self-reflections would not be read or discussed outside of our group gave them courage to be 
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brutally honest about their learning and about the training pieces. By examining their personal 

journeys individually and collectively, I was able to gain valuable insight into how they preferred 

to learn, and what activities and/or strategies yielded the best outcomes, and was able to 

incorporate many of their recommendations into the training as the year progressed.   In the 

Results section, I will identify the trends that emerged from the data and share what that looked 

like in the training and how it will be used going forward. 

Research Participants - Background Information 

Location. This study was conducted within a mid-sized, suburban Texas school district. 

As of April 2024, the district had 21 elementary schools, with 18 designated as Title I campuses, 

indicating that at least 40% of students qualified for free or reduced lunch (Texas Education 

Agency, 2023). The district served approximately 11,000 K-6 students, with the following 

racial/ethnic breakdown shown in Table 6.1. 

Table 6.1 District Race/Ethnicity Statistics (October 2023) 

Note:  Data obtained from Texas Education Agency, ©2023. 

Race/Ethnicity No. of students in K-6 Overall % of K-6 students 

Latino/Hispanic 3,630 33% 

White 3,300 30% 

Black 2,240 22% 

Asian 880 8% 

Pacific Islander 330 3% 

Two or more races 440 4% 

 

Participants. The participants in this study were selected from a larger computer science 

initiative within the school district, overseen by the author in their role as a district STEM 
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administrator. Recruitment commenced with the distribution of a flyer to all K-8 teachers 

engaged in the district initiative in October 2022, followed by two Zoom Q&A sessions held in 

November and December 2022. These sessions conveyed details about the project's objectives, 

timelines, and expectations for participants.  

When recruitment was completed, there was one male teacher and 17 female teachers 

participating; their years of experience ranged from 0 years to 20+ years and their subjects taught 

ranged from core curricular areas to art to instructional coaching. Additionally, at our first 

meeting, I asked each of them to share a one word superpower or strength that they would bring 

to the group and I incorporated that into a pseudonym for each one, as they preferred their 

comments to be anonymous.  Table 6.2 shows a summary of their pseudonyms, what subject(s) 

each of the participants currently teach, and the total number of years they have been teaching.  

GRADE(S) SUBJECT(S)  YEARS OF EXPERIENCE 

6th grade Mathematics 1 – 5 

1st grade All subjects 6-10 

8th grade Science 6-10 

4th grade Mathematics, Science 6-10 

5th grade Mathematics 1-5 

6th grade Science, Social Studies 6-10 

PreK – 6th grade Art 11-15 

PreK All subjects 6-10 

6th grade Mathematics 6-10 

4th grade English/Language Arts 11-15 

PreK – 6th grade Instructional Coach 16-20 

3rd grade English/Language Arts 1-5 

4th grade English/Language Arts 1-5 

2nd grade All subjects 6-10 

5th grade Mathematics 6-10 

6th grade Science, Social Studies 1-5 

6th grade Science, Social Studies 1-5 

PreK – 6th grade Reading Specialist 16-20 
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Table 6.2.  CS Cohort Participant Data. 

  

Data Collection & Analysis 

During this project, data collection encompassed two primary methodologies: surveys 

and interviews. Additionally, teachers were tasked with establishing and maintaining an online 

blog to facilitate continuous reflection on their learning journey, while also inviting input from 

others in the cohort through comments and suggestions. These provided me with a great insight 

on preferred learning styles, comfort levels in sharing out to the group raw emotions as they 

struggled to learn. The blogs were not made public beyond the participants of this research 

project and myself. 

Surveys were administered at the project's outset and its conclusion. Drawing questions 

from the Teacher Efficacy and Attitudes Towards STEM (T-STEM) Survey, the aim was to assess 

changes in teachers' confidence and self-efficacy across various domains including STEM 

subject matter, technology integration, 21st-century learning skills, leadership attitudes, and 

STEM career awareness (Friday Institute, 2012). Initial survey results guided the design of the 

initial professional development phase, revealing significant trends in teachers' perceptions of 

their own proficiency in computer science. 

Each participant also underwent two in-person interviews: one at the six-month mark and 

another at the research's culmination. These one-on-one interviews sought to evaluate the 

training's effectiveness and gauge teachers' comfort levels with the introduced materials. For 

each question in this research project, I used descriptive coding to analyze the qualitative data 

and followed the same set of steps each time. I read and reread the transcripts as well as my 

research journal to understand the content deeply (Saldaña, 2016), and noticed patterns and 

themes emerging naturally, without forcing them into predetermined categories (Charmaz, 
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2014). I refined the codebook through repeated coding and analysis to accurately capture the 

subtleties in the data. After coding, I grouped related codes into broader categories or themes to 

interpret the findings (Saldaña, 2016). By examining the relationships between codes, I 

uncovered connections that shed light on overarching concepts. This systematic approach helped 

me describe the research topic in detail, providing valuable insights.  
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 Results 

In this section, the findings of the study are presented, offering insights garnered from the 

analysis of collected data. Through a systematic examination of the data, key themes, patterns, 

and trends emerged, providing a comprehensive understanding of the research questions. The 

results are organized to address each specific research objective, offering a detailed account of 

the outcomes observed. These results not only contribute to the existing body of knowledge in 

the field but also offer practical implications for stakeholders and practitioners alike. I will 

address each question individually.   

RQ1:  What was the researcher’s experience in designing and implementing a 

professional development system using the Crawl-Walk-Run-Fly model layered with Bruner’s 

Spiral Curriculum Approach model? 

It is important to note that the professional development program for non-computer 

science teachers learning computer science began by following a crawl-walk-run-fly approach, 

mirroring the gradual progression of skills and knowledge acquisition. But I soon discovered that 

it might not be enough on its own to get my teachers where they needed to be, so I returned to 

the drawing board to see what other options might be available to help the teachers have a firmer 

grasp of the subject knowledge. 

In my research journal, I noted several times after reading the teachers’ reflections that 

they seemed to have drifted off the linear crawl-walk-run-fly model due to factors such as 

individual learning styles, prior knowledge, and environmental influences. For instance, some of 

the teachers pointed out that they had skipped certain stages because they already possessed the 

relevant skills or knowledge with All-In Adam telling me “I already knew that, so I skipped over 

it and went on to something more challenging.”   I also noted several instances where they 
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revisited earlier stages to reinforce understanding or address gaps in learning. Crafty Campbell 

remarked about how grateful she was for the time between assignments, since she had to “flip 

back a couple of times” to remember how to complete some of the work.  On top of these 

instances, preferred instructional methods, resources, and support systems also influenced the 

pace and direction of learning trajectories (Anderson & Krathwohl, 2001) and caused minor 

deviations.  

So while the crawl-walk-run-fly model offered a valuable framework for scaffolding 

learning experiences for the teachers, I do not think it was able to take into account and 

accommodate for the oftentimes non-linear nature of individual learning processes.  To provide 

a model that would account for both experiences and processes, I decided to introduce another 

approach - Bruner’s Spiral Curriculum (1960).  His curriculum approach was built on three key 

concepts - cyclical (students should return to the same topic several times), increase in depth 

(each time it is revisited it should be learned at a deeper and more complex level) and access 

prior knowledge (should be utilized each time so students build on their foundation rather than 

starting anew) (Drew, 2023).  It turned out to be the missing piece of the PD puzzle that I was 

looking for! 

In a perfect CWRF-model world, participants would begin with the "crawl" phase, where 

they familiarize themselves with fundamental computer science concepts and terminology. 

Through introductory workshops and guided activities, they would lay the groundwork for more 

advanced learning. As they gained confidence and proficiency, they transitioned to the "walk" 

phase, where they delved deeper into specific topics and explored practical applications in their 

teaching contexts. Hands-on exercises and collaborative projects allowed them to refine their 

skills and develop a deeper understanding of computational thinking principles and greater 
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confidence in teaching these principles to their students. Subsequently, participants entered the 

"run" phase, where they demonstrated autonomy and initiative in applying their knowledge to 

design and implement computer science-infused lessons. Finally, in the "fly" phase, participants 

showcased creativity and innovation by integrating advanced computational concepts into cross-

curricular projects and real-world scenarios, effectively elevating their teaching practice to new 

heights. This crawl-walk-run-fly approach should have enabled participants to progress 

systematically from foundational understanding to mastery, empowering them to confidently 

incorporate computer science education into their classrooms.  While all of the boxes were 

checked, as a researcher, I still felt that something was missing in the overall design of the 

professional development and that more might be needed! 

As indicated earlier, I began to see references in the teacher’s reflections and interviews 

to needing to go back and revisit topics, spend longer time on concepts than I had allowed for, 

skipping over concepts they felt they already understood, etc. and I felt like I needed to try and 

address these issues before moving forward. Incorporating a new strategy into an existing 

professional development (PD) plan involves careful planning, collaboration, and alignment with 

the overarching goals and objectives of the program. I reviewed the overall goals of the 

professional development and looked at best practices available that could be integrated without 

having to begin again, as well as revisited the pre-survey questions and informally polled the 

group for their suggestions.   

All of this led to additional research about other possible options and after evaluating 

several prospects, I settled on a plan to layer a modified version of Bruner’s Spiral Curriculum 

Approach on the current Crawl-Walk-Run-Fly model.  My primary goal in integrating the new 

strategy into existing PD sessions and workshops was for it to be a seamless implementation and 
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provide additional opportunities for hands-on practice and reflection. By systematically 

incorporating new strategies into an already existing PD plan, I was also able to model a 

continuous improvement mindset towards professional and personal growth, ultimately 

enhancing teaching effectiveness and student learning outcomes. 

Figure 6.3 is my visual interpretation of the fusion of the two frameworks showing the 

linear (learning experiences) and nonlinear (learning processes) and how they work together.  

The learning experiences are linear on the left side and step up from crawl to fly as indicated by 

the straight line.  The learning processes are non-linear on the right side and the double-ended 

arrows represents moving back and forth between individual stages of the model and the dashed 

line represents the spiral approach of moving between the stages as needed.  

 

Figure 6.3. CWRF + Bruner’s Spiral 

 Note.  Source: Kiera Elledge. ©2024. 
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Overall, I felt that the professional development program aimed at equipping non-

computer science teachers with foundational knowledge and skills in computer science yielded 

promising results. Through a series of workshops, hands-on activities, and collaborative 

discussions, participants demonstrated significant growth in their understanding of key computer 

science concepts and pedagogical strategies. Pre-and post-assessment data revealed a substantial 

increase in participants' confidence levels regarding their ability to not only learn the computer 

science skills, but also ways to integrate computer science concepts into their teaching practices. 

Moreover, qualitative feedback highlighted the effectiveness of the program in demystifying 

complex computer science topics and fostering a supportive learning environment. Participants 

reported feeling more empowered and enthusiastic about incorporating computational thinking 

principles across various subject areas as well. These findings underscored the potential of 

targeted professional development initiatives to bridge the gap between computer science 

education and other disciplines, with a goal of giving teachers as many tools as possible to reach 

their students. 

It is my opinion that the other adjustments I made during the professional development 

were minor and not sufficient enough to warrant discussion of.  Additional time to complete the 

assignments, extra options for an individual or two to get them more comfortable with a 

particular device or topic and increased one-on-one coaching were the primary types of 

adjustments I had to make, which were accomplished by adding in Bruner’s spiral approach.   

RQ2: What was the overall learning experience of the participating teachers in a 

professional development program that is grounded in the Crawl-Walk-Run-Fly model layered 

with Bruner’s Spiral Curriculum Approach model? 

How the participants felt the professional development went is a little harder for me to 

answer as the researcher.  15 of the 18 teachers completed the whole program and provided 
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detailed reflections, took both the pre and post surveys, and participated in both interviews.  The 

three that did not complete everything completed the majority of the pieces - 1 did not take the 

post survey and 2 did not participate in their second interviews.  No reasons were given for these 

anomalies.   

The culminating project was to redesign a current curriculum unit (at least 5 - 10 days in 

length) and integrate a minimum of 4 computer science skills/tools.  Then they had to teach the 

unit, gather any evidence they wanted to share and create a post-unit reflection video that they 

shared on their blogs.  There was no rubric or assigned criteria - rather, it was what the teachers 

deemed to be the most important take-aways from completing the work.  

The reflections were thoughtful as well as thought-provoking, and led to some excellent 

exchanges online and during their second interviews.  These end-of-project remarks and 

suggestions for change/improvement showed great insight and maturity.  They were brutally 

honest about their struggles in the beginning and very appreciative of the opportunities in the 

latter half of the program to go back and revisit topics from the beginning.  Many of them 

expressed gratitude for being able to participate in the professional development, stating how 

much they had enjoyed working with me and with the other teachers. They also praised the set 

up of the entire project and asked if there was any way they could continue it moving into 2024!   

One teacher in particular was effusive in her praise of the professional development. 

Excited Ella noted: “I have learned so much about myself as a teacher and as a learner this year!  

Working with you [Kiera] and the other teachers has given me a fresh perspective of how to 

better engage my students and meet them where they are.  We are so excited to implement some 

of these computer science tools in our classroom and our after-school STEM clubs as soon as 

possible.”  
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In regards to the pre/post surveys, one question in particular stood out.  It read:  “Please 

rate yourself on the following statement - I know the steps to teach computer science 

effectively.” They were given a Likert scale of 1 to 5, with 1 being strongly disagree and 5 being 

strongly agree.  Of the 17 that completed the pre/post surveys, 100% of them scored themselves 

higher on this question in the post survey than the pre survey! Granted, one moved from strongly 

disagree to disagree and others from disagree to somewhat agree, but every one of them moved 

in a positive direction on that question.  I will take that as a win! 
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 Conclusion 

Overall Program Assessment 

In conclusion, I felt that fusing the crawl-walk-run-fly model with Bruner’s spiral 

approach offered a well-rounded framework for professional development that provided clear 

goals to mastery (linear processes) and offered choice to the learners in how they learned it (non-

linear processes).  

The crawl-walk-run-fly model provided a solid start to the professional development 

plan.  It offered a clear, staged pathway for skill acquisition and mastery. This model ensured 

that the learning opportunities were both structured and scalable. .Bruner's philosophy of 

revisiting topics at increasing levels of complexity ensured that learners deepened their 

understanding over time, which enhanced their ability to apply their newfound knowledge in 

various contexts (Bruner, 1960). This cyclical nature of learning not only reinforced the 

foundational skills of computer science, but also encouraged continuous growth and adaptability, 

which are crucial in a rapidly evolving professional landscape in which technology is so 

prevalent. 

By synthesizing Bruner’s spiral curriculum with the incremental progression of the 

crawl-walk-run-fly model, it is possible to create robust professional development programs that 

are both comprehensive and flexible.  I felt that this dual approach not only addressed the 

immediate learning needs of the participating teachers, but also equipped them with the skills 

and mindset necessary for long-term success. Ultimately, it is hoped that this integrative strategy 

will foster a culture of continuous learning and improvement, essential for maintaining 

competitive advantage in today’s dynamic educational environment. 
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Limitations and Future Research 

Despite the promising integration of the crawl-run-walk-fly model and Bruner’s spiral 

approach in professional development, I found several limitations. One significant limitation was 

the variability in individual learning paces, which did not always align perfectly with the 

structured phases of the crawl-walk-run-fly model. This misalignment sometimes resulted in 

teachers feeling either rushed or held back, which could have potentially affected their 

engagement with the material and overall learning of computer science.  Additionally, while the 

spiral approach was beneficial in reinforcing concepts, it occasionally led to redundancy, where 

some learners felt they were revisiting material multiple times without enough new challenges. 

In an attempt to mitigate some of these limitations, it was important to assure that all participants 

had access to the same instructional materials and resource opportunities.  As those may vary 

widely within a school or district, ensuring equitable access will be critical to the success of any 

professional development initiative.  

In considering future research, I believe it will be important to explore ways to 

potentially customize these models even further to better accommodate diverse learning styles 

and paces.  Utilizing adaptive learning technologies that tailor the progression through the crawl-

walk-run-fly stages based on real-time performance data could enhance the personalized learning 

experience. Additionally, further studies should examine the long-term impacts of integrating 

these models on teacher professional growth and career advancement, providing empirical 

evidence to support their efficacy. Lastly, researching the scalability of these models in other 

educational settings would offer valuable insights, ensuring that professional development 

programs could be effectively implemented across multiple grade levels and subject areas.   
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Chapter 7 - Discussion and Conclusion 

In the ever-evolving landscape of public education, the need to continuously adapt and 

innovate has never been more pronounced if the US wants to produce a workforce capable of 

filling the hundreds of thousands of open computer science-related jobs in this country.  With 

this goal in mind, it is critical that schools embrace change as a means of not only surviving but 

thriving in an increasingly complex world. As society’s needs continue to shift and technological 

advancements continue to accelerate, we must position our schools to be adaptable to the 

changing conditions in the world in order to stay relevant.   

Having a clear vision and strong leadership at the top of the district is a critical first step 

in being able to adapt and change to meet today’s workforce demands.  When implementing new 

policies or restructuring curriculum or current processes, it is also vital to involve the 

stakeholders who have a vested interest in the school’s success, including parents, students, local 

government, and community organizations.  In addition, developing a plan that allows for on-

going teacher professional development and phased implementation helps to manage any 

resistance in the classroom and ensures that teachers and students can gradually accept the 

changes.  Lastly, continuous monitoring of the system as it is being overhauled helps identify 

potential challenges and allows for on-going adjustments.  Realizing that all of the pieces of the 

system are interconnected and that change can have a ripple effect across the entire system can 

help guide schools to adjust in ways that benefit students, teachers, and the community as a 

whole. 

Review  

 Problem of Practice 
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In today's digital age, providing elementary students with foundational computer science 

skills is critical. However, a significant challenge exists as many elementary school teachers lack 

formal training in computer science and its related fields, which hinders their ability to 

effectively teach these essential skills. This gap in teacher preparation affects students' early 

engagement with computer science, limiting their development of critical thinking, problem-

solving, and computational skills that are vital for future learning and career opportunities (Barr 

& Stephenson, 2011). Addressing this issue requires identifying and empowering the hidden 

potential of current elementary school teachers to become proficient in both learning and 

teaching computer science 

To bridge this gap, it is essential to provide professional development and training 

programs that equip current elementary teachers with the knowledge and resources needed to 

teach computer science effectively. Many of these teachers, despite lacking formal training in the 

subject, possess a passion for learning and a dedication to their students' success. They 

understand the importance of modeling a growth mindset for their students by being life-long 

learners themselves, willing to learn what they do not know.  

This research study followed a group of eighteen teachers on a year-long journey of 

professional learning.  It assessed gaps in their current knowledge, identified needed professional 

development, and provided resources and tools to support the teachers in their efforts to learn 

computer science skills.  Their experiences – both positive and not-so-positive – are reviewed in 

this section.  Implications for schools, districts and beyond are also presented, as well as 

recommendations for future research. 

 Methodology 
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Qualitative research, often exploratory in nature, aims to ferret out feelings, reasons and 

meaning behind human behavior.  It has the power to produce detailed, narrative data through 

interviews and observations, but it also has the potential to produce change as it is being 

implemented (Hatch, 2023).   With that, electing to conduct a qualitative research project on this 

computer science professional development cohort allowed me the opportunity to gain a deeper 

understanding of technology development and use. Unlike quantitative methods, which focus on 

numerical data and statistical analysis, qualitative research explores the experiences, motivations, 

and perceptions of individuals involved in or affected by these computer science innovations. It  

rich insights into user behaviors, developer practices, and the socio-cultural impacts of 

technology, leading to more user-centered designs, inclusivity, and ethically aware technological 

advancements. By capturing the nuanced realities of the digital world, qualitative research can 

significantly enhance the field's ability to address complex, real-world challenges and improve 

the overall efficacy and acceptance of technological solutions (Hammersley, 2013).  

 Review of Research Design and Questions  

This qualitative research project employed a case study design to explore the 

implementation and impact of a targeted professional development model focused on computer 

science curriculum for K-6 teachers. The goal was to understand the experiences of the teachers 

throughout the professional development, identify challenges and successes, and provide insights 

for future curriculum development and teacher training programs. The case study method was 

selected for its ability to provide an in-depth understanding of the complex phenomenon within a 

real-life context (Yin, 2018).  



145 

 

The research questions are crucial in a dissertation as they guide the entire study, defining 

the focus and direction of the research. They also help to establish clear objectives and ensure 

that the research is purpose-driven and relevant. Two over-arching questions framed this project:   

1) What are the effective components of a professional learning model that includes 

the necessary academic and social supports for teachers to successfully learn and 

learn to teach computer science?   

2) In what ways, if any, are the participants of this cohort able to take their new 

knowledge and implement it in their classroom or school as a way to increase 

awareness of the need for all students to have access to computer science education? 

Each question (or a slight variation of it) was investigated through three different lens – 

the Technological Pedagogical and Content Knowledge (TPACK) Framework, Albert Bandura’s 

Theory of Self-Efficacy and a blended model of Crawl-Walk-Run-Fly (CWRF) and Bruner’s 

Spiral Curriculum Approach.  Those results were detailed in chapters four through six and will 

be briefly discussed again in this section.  

Discussion of Major Findings 

This section examines the key results from the study on professional development for 

elementary computer science (CS) teachers, interpreting their significance in light of the research 

questions and existing literature. The findings reveal crucial insights into the effectiveness of 

current professional development programs, highlighting both the strengths and areas needing 

improvement. Specifically, the study uncovers the importance of sustained, hands-on training 

and the role of collaborative learning communities in enhancing teachers' confidence and 

competence in delivering CS education. By discussing the implications of these results, we gain 

a deeper understanding of how to optimize professional development for elementary CS 
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teachers, addressing the challenges they face and improving student outcomes. Additionally, this 

section will explore the limitations of the study and propose directions for future research to 

further advance the field. 

  Research Question 1 

This question dealt with identifying the components of a professional learning module 

that included both academic and social supports for teachers to be able to learn and to teach 

computer science.  Administering a pre-survey at the beginning of the research provided great 

insight into the teacher’s current state regarding computer science – both learning and teaching – 

and helped guide the first round of professional development. 

TPACK.   The Technological, Pedagogical and Content Framework (TPACK) measures a 

teacher's ability to use technology in a way that enhances learning and teaching of specific 

content. This framework helps in identifying how well educators can incorporate digital tools 

into their teaching to improve educational outcomes and evaluates the intersection of three 

primary forms of knowledge:  technology (how to use technology tools and resources), pedagogy 

(teaching methods and practices) and content (subject matter).   

In this study, from start to finish, the teachers ranked the lowest in technological 

knowledge.  In interviews and on their blogs, many stated that they felt most inadequate in 

knowing how to not only use some of the tools and resources, but also how to teach them to 

students.  Many of the tools provided were ones that they were not familiar with, even though 

they are well-known and widely accepted classroom teaching tools.   Two tools in particular, the 

micro:bit and Makey Makey, were completely unfamiliar to over 80% of the cohort, and this was 

a major source of frustration for the teachers.  Still, they found value in the productive struggle 

and concluded that having to strengthen their own growth mindset and stretch to learn something 
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new helped them have greater empathy for their students when they struggle.  This aligns with 

research from Tschannen-Moran & Hoy (2001) which stated that for teachers, the productive 

struggle is essential for fostering a growth mindset in their approach to learning and teaching 

computer science, ultimately enhancing the overall quality of instruction.   

Content knowledge of their subjects taught was the highest rated area of the study, with 

teacher’s expressing strong confidence in knowing the material they were teaching.  The 

prevailing comments in this section indicated that the teachers felt very comfortable with the 

curriculum components, but also did confess that their level of confidence in the content of 

computer science was not as strong.  Even some of the basic CS terminology, such as 

computational thinking and algorithms, were considered foreign terms to over 50% of the 

teachers.  For them, laying a strong foundation for all things computer science would be critical 

to the success of the study. 

Self-Efficacy.  Bandura's theory of self-efficacy emphasizes the belief in one's 

capabilities to achieve a goal or an outcome (1977). In the context of teachers learning computer 

science (CS), this theory suggests that teachers who believe in their ability to learn and teach CS 

effectively are more likely to engage in professional development and persist in overcoming 

challenges. Self-efficacy influences their motivation, effort, and resilience, which are crucial for 

mastering new CS concepts and technologies. Teachers with high self-efficacy in CS are more 

confident in integrating CS into their curriculum, thereby enhancing student learning. Therefore, 

fostering self-efficacy in CS education can lead to more effective teaching practices and 

improved student outcomes in computer science. 

The teachers in this study were very open in their reflections of their own learning and 

these reflections led to not only some powerful discussions online and in person, but also to 
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many opportunities for the teachers to provide support and encouragement to each other.  With a 

blend of self-directed and collaborative experiences, they had the flexibility to experience 

multiple types of learning opportunities and being able to pick/choose what worked best for them 

(emotional state), which promoted the development of personal skills (mastery experiences).  

The on-going reflections and evidence of learning on their blogs provided the opportunity for 

their peers to provide support and encouragement (vicarious experiences) and build a sense of 

community.  As they worked together on projects, the chance to socialize and interact among 

disciplines (social persuasion) also strengthened the teachers and led to an increase in self-

efficacy. 

Crawl-Walk-Run-Fly (CWRF)/Bruner’s Model.  Blending a linear (CWRF) and non-

linear (Bruner) approach to learning computer science provided yet another way to customize the 

professional development for each participant.  Through the interviews, online reflections and 

my researcher journal notes, I was able to discern that not all of the teachers progressed at the 

same pace and that they did not all have as firm of a foundation in the basics of computer science 

as was necessary for them to be successful going forward as they needed to be.  I addressed this 

situation by making an adjustment to the CWRF Model to bring in Bruner’s Spiral Approach, 

which gave the teachers the opportunity to move among the checkpoints as needed.  This change 

affirmed a statement about qualitative research by Hatch (2023) who said that this type of 

research also has the potential to bring about change.  It did and that change added a whole new 

dimension to this study.  I felt that putting the linear and non-linear processes together provided 

the greatest opportunities for the teachers to be successful.  It did add additional work for me as 

the researcher, but in the end, I felt that the return on that investment was worth it.   
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For the participants, they were given the end goal and provided with checkpoints that 

increased in difficulty as they progressed (crawl to walk to run to fly).  They were also given the 

freedom to stay at a checkpoint as long as they needed to and/or revisit earlier checkpoints to 

solidify a concept.  Combining these models supported differentiated instruction, catering to 

diverse learning styles and paces. The CWRF model's clear stages (crawl, walk, run, fly) aligned 

well with the spiral approach's iterative nature, and allowed educators to customize learning 

experiences based on individual needs. This dual approach also encouraged continuous 

engagement and motivation, as learners experienced both the satisfaction of mastering immediate 

tasks and the intellectual stimulation of revisiting and expanding on previous knowledge 

(Dweck, 2006).  Comments from the participants affirmed that the combination of linear and 

non-linear added more flexibility for them and gave them confidence to move forward if they 

were ready and stay behind a little longer if they were wanted.   

An additional aspect that was not anticipated, but pleasantly accepted, was the overall 

strength of the professional learning community (PLC) that emerged as the professional 

development requirements ramped up throughout the year.  In the beginning, I would hold 

optional online PLC meetings.  My intent was to have them elaborate on any comments that they 

had given through feedback and also provide a recommendation or two of other sources that 

might could help a colleague who was struggling.  What I witnessed was a tremendous bond of 

friendship being formed by several in the group, who seemed to take the most time providing 

thoughtful and constructive feedback through the blogs, then wanted to elaborate and expound 

on it in the online forum.  They took great care to always lead with positive statements and 

downplay the challenges.  I appreciated the professionalism that they brought to the online and 
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eventual in-person discussions and felt that the strength of the PLC added another dimension of 

confidence to those who fully participated.   

 Research Question 2   

This question addressed the issue of the teachers being able to take their newfound 

knowledge and implement it in their classroom or school to increase awareness of computer 

science education for all students.   

TPACK.  None of the teachers participating in this study had heard of the TPACK 

Framework prior to now.  As a result, a quick overview of the framework and its constructs, as 

well as why it was being used in this study was provided in one of the early face-to-face 

trainings.  Some very solid discussions ensued and the teachers were asked to reflect on this 

overview in their blogs and do an internal assessment to see where they thought their strengths 

and weaknesses were and why.  Their reflections showed a great deal of honesty and very 

closely mirrored their answers from the pre-survey.  At the end of the study, they were 

encouraged to revisit their original post and do another internal assessment to see if anything had 

changed, and reflect on their answers as part of their final blog post.  One particular quote really 

resonated with me and let me know that these teachers “got it” when it came to computer science 

the importance of making sure all students have access.   Newfangled Nancy declared: “As 

technology continues to evolve in education, someone is going to have to stand up and be willing 

to try new things…that is going to be me.” 

Self-Efficacy.  Bandura (1977) stated that self-efficacy is the belief in one’s capabilities 

to organize and execute the courses of action required to manage situations.  This statement 

succinctly encapsulates his theory that self-efficacy influences how people think, behave and 

feel, and that high self-efficacy can lead to greater motivation, perseverance and success in 
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achieving goals.  Referring to Newfangled Nancy’s statement above in the TPACK section, these 

teachers were on fire and ready to share their new learning with anyone who would give them an 

audience.  Two of the participants at the same school wrote a grant to start a robotics club in the 

fall and another wrote a grant to purchase more robots so she could expand her club in the 

upcoming school year.  Four of the teachers requested to attend a three-day K-5 elementary CS 

summit (the last week of school!) that as part of their stipend, required them to provide training 

to an additional 30 teachers in the school year.  And yet another applied for a computer science 

position in another school district because the district’s plan to expand in the 2024-2025 school 

year had been delayed!  These and other actions provide solid evidence that strengthening their 

self-efficacy is leading to some major changes for these teachers. 

CWRF/Bruner’s Spiral Model.   The CWRF model, when blended with Bruner's 

framework, maintains learner engagement by offering clear, achievable milestones. Each stage 

(crawl, walk, run, fly) aligns with Bruner's progression from concrete to abstract learning, 

providing continuous challenges and successes. This fosters a sense of accomplishment and 

motivates learners to advance through the stages, ultimately leading to a deeper and more 

sustained interest in the subject matter. 

Of the three areas discussed in this research, this area was the most personal to me as a 

researcher.  Once a new need was identified, and deemed critical to the success of the project, it 

allowed for the change to take place and the project to be able to continue.  It also offered the 

teachers a chance to more completely work on what they wanted, how they wanted.  Allowing 

for differentiated learning opportunities was a catalyst to affect positive change and give the 

teachers the impetus to complete this professional development journey! 
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Current Impact of Computer Science in Elementary 

The impact of these findings for education today are significant for elementary computer 

science.  In today’s digital age, equipping elementary students with fundamental computer 

science (CS) skills has become absolutely essential.  This knowledge forms the foundation for 

future learning and active (not just passive!) participation in a technology-driven world. 

However, a significant challenge lies in the fact that many elementary school teachers lack 

formal training in computer science, which hinders their ability to effectively teach these crucial 

skills. Empowering non-trained CS teachers with the necessary knowledge and resources to 

teach elementary CS can bridge this gap, ensuring that young students receive a comprehensive 

education that includes critical thinking, problem-solving, and digital literacy from an early age. 

But the teachers cannot teach what they do no.  And many of the teachers are ready to learn – 

they want to know how to best prepare and support their students, and are willing to put the work 

in to learn what they need to know.   

In preparing non-trained teachers to confidently teach computer science in K-6, we are 

building a more adaptable, future-ready education system. As we unmask these "CS heroes" in 

K-6 classrooms can inspire the next generation of innovators and problem-solvers, demonstrating 

that anyone can become proficient in technology and contribute to the digital world. 

Implications for Future Research 

The findings from this study underscore the need for future research in elementary 

computer science (CS) education to focus on the creation and evaluation of targeted professional 

development programs for teachers. These programs should aim to enhance both the self-

efficacy and pedagogical skills necessary for effective CS instruction. It is essential to continue 

to explore which elements of professional development—such as hands-on workshops, ongoing 
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mentorship, and collaborative learning communities—most significantly impact teacher 

confidence and competence in CS. Longitudinal studies could provide valuable insights into how 

sustained professional development influences instructional practices and student learning 

outcomes over time. By investigating these aspects, researchers can develop evidence-based 

strategies that support teachers in delivering high-quality CS education in elementary schools 

(Yadav, Hong, & Stephenson, 2016). 

In addition to professional development, future research should examine the integration 

of CS concepts across various subjects in the elementary curriculum. Interdisciplinary 

approaches could reveal effective strategies for embedding CS education within traditional 

subjects like math, science, and literacy, thereby enriching the overall learning experience. 

Further, studies could investigate the long-term impact of early CS education on students' 

academic trajectories and career choices, providing insights into how early exposure can shape 

future proficiency and enthusiasm for the field (Grover & Pea, 2013). These research directions 

will contribute to a comprehensive understanding of how to optimize CS education in elementary 

schools, ensuring that students are well-prepared for a technology-driven future. 

Conclusion 

For almost 25 years, I have called one school district in the southern part of the United 

States and its surrounding community home.  During that time, I have served in various 

capacities within the school system and the community.  In the school system, I have served as a 

classroom teacher, teacher and student mentor, school (Title I) librarian and district 

administrator.  I have also been very active in the community, participating in various civic, 

school, and religious organizations whose primary focus is to serve the students and families in 

my school district, often working alongside other district personnel, parents, and community 
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members.  I consider myself to be fairly well-known and respected for my strong work ethic, and 

for my commitment to creating a culture of inclusivity by seeking to engage with multiple 

community groups when gathering input on district and/or city initiatives.  Both school and 

community leaders point to multiple honors and awards I have earned as evidence of my ethics 

and commitment to cultivating school-community connections. 

I acknowledge that the primary participants in the study are district and community 

leaders, students, their guardians, and practicing teachers. And although I share leadership 

experiences with district and community leaders and teaching experiences with the practicing 

teachers, I do not share the experiences of a challenging upbringing as some of the students.  

Employment experiences have provided an insider’s perspective into the inner workings of the 

school system, from the expectations of classroom teachers to a seat at the table where policy is 

decided upon.  But viewed from the perspective of the student and their parent/guardian, these 

experiences place me in the role of an outsider.   

I understand the critical need to address the outsider perspective issue from the outset in 

order to have the support of the home as this project unfolds. As a white, native English speaker 

in a majority-minority school district, I operate from the belief that the school earning the trust 

and respect of parents/guardians is vital to a student’s overall success, particularly as it pertains 

to this research project.  Research affirms that when working together, parents/guardians and 

schools can create the best possible environment to foster physical, emotional and intellectual 

well-being for students and that his happens most effectively when there is open, honest and 

reciprocal cultural exchanges between school and home (Wardlow, 2013; Eberly et al., 2007).  

This provides the opportunity for school personnel to gain insight into individual families and 
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their cultures in an effort to see beyond their own biases, experiences and upbringing, and work 

with an open mind to respect practices that may conflict with their own core values.  

For this project, the researcher I have committed to including an on-going reflection 

process that ensures both my voice and the primary participants’ voices are proportionately 

represented in the project.  
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Appendix B - Participant Informed Consent (3 pages) 
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Appendix C - District Professional Development Plan  

Researcher’s Note:  This training plan should be considered as a suggestion or 

recommendation only - dependent on the availability of materials, funding, alignment 

requirements, local and state computer science guidelines, etc. of the school or district that 

might attempt to replicate this study. 

 
Title Objective(s) Assignment(s) Due Date 

In-Person 

Welcome 

Meeting  

(~2 hours) 

 Overview of cohort 

expectations 

 Solicitation for research 

participation 

 Review of calendar dates 

for assignments  

  January 16 

Self-Paced 

Getting Started 

(~1 hour) 

 Conduct group and 

individual needs 

assessments 

 Gather input on training 

preferences 

 Set up online journals 

 Complete baseline surveys 

 Complete training survey 

preferences 

 Set up free account at 

blogger.com (see January 16 

Action Items doc for 

specifics) 

January 31 

Video 

Instructions 

(~20 minutes) 

Preview of upcoming training and assignments 

Self-Paced 

Personal Play 

Time 

(~3 hours) 

 Spend some time (last 

entry of Appendix C) 

exploring the tools 

provided for this cohort 

 Reflect on your blog what 

you learned about each 

tool (Can do as individual 

posts or one long post, 

broken down in to 

readable chunks) 

 Reply to at least two of 

your colleagues’ posts 

 Reflection entries for each 

tool must include at least one 

photo or video and a two-

paragraph (minimum) 

reflection of your learning 

 Reply entries must be at least 

one paragraph in length 

 

February 

17 

Zoom PLC (~1 

hour) 
Online PLC (optional) 

Video 

Instructions 

(~20 minutes) 

Preview of upcoming training and assignments 

Self-Paced Intro 

to Online 

Resources  

(~8 hours) 

 Explore three online 

resources that provide 

free computer science 

training to teachers and 

students 

 Work through modules 

on each platform  

 Code.org – complete 

Teaching Computer Science 

Fundamentals Course 

 Infosys/Pathfinders Institute – 

complete Intro to 

Computational Thinking, 

Building 21st-Century Skills 

through STEM OR 

April 14 
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 Document on your blog 

as indicated in the 

handout 

 

Developing Inclusive CT 

Pathways, Micro:Bit Lessons 

for CS 

 Scratch – complete at least 

three tutorials, select three 

coding cards and complete 

the tasks indicated 

Zoom PLC (~1 

hour) 
Online PLC (optional) 

In-Person 

Meeting  

(~6 hours) 

 Scratch Week 2023 

 Summer Conferences 

 CS in Public Schools 

Presentation 

 Tech-Tool One Pager 

Presentations 

 Scratch – review resource 

guide, planning kit, virtual 

conference attendance 

 Summer – WeTeach-CS (in-

person) OR CSTA (virtual); 

look at classes and make a 

tentative group schedule so 

not everyone attends the same 

sessions 

 CS in Public Schools – 

presentation by UT-Austin 

(John B. Owen and Amy 

Carrell) 

 Presentations – which one(s) 

are you using in your class 

now; reply on blogs 

 

May 6 

Summer 

Conferences 

(~12 hours) 

WeTeach_CS Summit (in-person) 

June 16-17; Houston, TX 

 

CSTA 2023 (virtual) 

July 11-13; online 

Face-to-Face 

Meeting 

(~2 hours) 

 Report on conference 

sessions…everyone to 

present at least one new 

thing learned 

 Integrate 1 – 2 CS 

resources into a 

curriculum lesson 

 Create a video reflection 

of your personal 

Plan/Do/Study/Act 

 Revise and teach one 

curricular mini-unit (2 – 3 

days) to include at least 1 or 2 

CS resources (online or 

physical) 

 Post a video reflection on 

your blog 

 Comment on at least two 

other blogs 

September 

29 

Face-to-Face 

Meeting        

 

 

(~2 hours) 

 Final group meeting, final 

project instructions and 

assignment details                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

 Revise and teach one 

curricular unit (7 – 10 days) 

to include at least 5 CS 

resources (online or physical) 

 Upload lesson file and all 

ancillary materials to our 

Google drive  

 Post a reflection on your blog 

December 

22 
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 Comment on at least two 

other blogs 

Personal 

Playtime – 

Technology 

tools purchased 

for each 

member of the 

cohort 

 
1 – Makey Makey 

Invention Kit 

2 – Scratch Coding 

Challenge Cards 

3 – Sphero Mini 

4 – Micro:bit 2.0 

5 – Dash Robot 

6 – Ozobot 

w/marker set 
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 Appendix D – Interview Protocol Script (4 pages) 
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