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ABSTRACT

This dissertation explored two viable interventions addressing the need for and lack of teaching capacity in the K-12 computer science educational space.  A digital society requires widespread digital literacy that includes digital fluency with the development and use of computational skills. Currently, there is a volume and a diversity issue related to participation in the computing field, such that not enough people have computing skills and those who do are not representative of society. Ensuring that all students develop computing skills through mandatory K-12 education is a broad strategy for addressing both issues. As computer science grows into a full K-12 discipline, one that will eventually need to reach every student in the school system, there are concerns about the ability to grow teaching capacity quickly enough to meet the growing demand. This dissertation explored the use of technology to expand teaching capacity for computer science (CS) education despite teacher recruitment and retention challenges. One intervention used technology to directly supplement computer science instruction. Another used technology to train and support new Computer Science teachers. The technology supported instruction was facilitated via a virtual platform, making it inherently accessible to any student with Internet access. The first article in this dissertation determines if this strategy is sufficient to engage higher percentages of students traditionally marginalized in CS experiences including students of color, girls, and students with disabilities. A similar virtual paradigm was used to expand access to teacher professional development (TPD). This approach makes the experience accessible to discrete CS teachers as well as teachers that might integrate the CS concepts into other content areas. This practice, called integrated computing, is another strategy for expanding teaching capacity. If CS skills and concepts are developed within courses that all students take, like math and science, then all students will be exposed to computing. The second article explores the viability of an asynchronous online course on integrated computing for impacting the development of teachers’ beliefs and ability in integrating CS.
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Over the past 10 years, the movement to broaden participation in computer science (CS) education has gained tremendous momentum. Support for this growth has come from inside and outside of education with the development of the K12 CS Framework, a strong indicator of the national intent to formalize and expand CS education. The framework was organized by stakeholders from industry, higher education, and K-12 and outlines the CS practices and concepts students should learn during their K-12 matriculation. The intent behind this movement is multifaceted. 
The first intent is the need for a larger, more diverse technology workforce. The global workforce has been experiencing a shift towards more STEM related fields for some time and according to the U.S. Department of Labor and Bureau of Labor Statistics (2022), computing occupations have become a majority percentage among those emerging jobs. In Georgia alone there are currently over 15,000 open computing jobs in a wide range of sectors and industries (The Conference Board, 2023). The core CS fields of software development and software analyst are in need, but so are computing jobs in agriculture, finance, entertainment, and nearly every other industry. As previously stated, the challenge is not simply one of volume but also of the diversity in the workforce and in the computing majors that feed that workforce. Both are overwhelmingly populated with white or Asian males. Broadening participation in computing education means encouraging more students to participate, but also engaging student populations that are traditionally underrepresented in computing fields and courses. 
The second intent is a broad computing literacy that is fundamental to everyone living in a computationally advanced society, as we are rapidly becoming. There are fundamental literacies that all students would benefit from being exposed to. These literacies include digital citizenship, computational thinking, and fundamental concepts of programming. Every student does not need to become a tech professional, but we all need to understand the need for strong passwords to protect our digital data and identity. We need to know the difference between hardware and software and storage memory versus random access memory to understand how to troubleshoot our computers. These concepts impact how we make decisions in our daily lives and how we solve problems unique to our personal context. The question, then, is how we achieve this broad literacy and how do we broaden participation in the tech workforce. 
Code.org, a CS advocacy organization, developed a series of policy recommendations that states could target for adding CS to the K-12 student experience and broadening the number and diversity of students participating in CS education.  In Georgia this work began in earnest in 2015. The 2015 Governor’s CS Task Force targeted three of the nine policies recommended by code.org. The first was to create a licensure pathway for teachers to develop the necessary content knowledge and pedagogy for teaching CS. The second was to get several CS high school courses to count for graduation credit.  Nine of the then fifteen high school CS courses were accepted as counting for a fourth math or science credit for graduation and a sequence of two of those same courses could satisfy the foreign language requirement for college admission. The third policy recommendation was to hire a specialist at the state level dedicated to K-12 CS Education. The Specialist in Georgia was hired in October of 2016, the fourth such position created nationally and first in the state of Georgia. 
Following the CS Task Force and the hiring of the state specialist, Georgia began enacting additional policies to broaden participation in computer science instructional experiences. In 2019, two policies were formalized that would lay the foundation for the current dissertation project. The first was the creation of K-8 standards for computer science. In Georgia, there have been high school electives for computer science in place for over a decade but in order to give students the opportunity to develop an identity around computing, they need to be introduced to computer science experiences at an earlier age. The standards were organized by grade band with the intent of them being used in discrete and integrated computing activities. 
Since the development of the K-12 CS framework, extensive effort has gone in to building teaching capacity for CS education. Teachers are the mechanism for developing a technologically savvy workforce and citizenry. Recruiting and training enough CS teachers to engage the entire student population, however, has been challenging. The second policy to be instituted in Georgia in 2019 was Senate Bill 108. SB 108 requires all middle schools and high schools in Georgia to offer CS education by 2023 and 2025 respectively. Bills like this were being implemented in other states as well. A unique aspect of the Georgia legislation was that schools could utilize virtual options to satisfy the mandate. The state-run, supplemental virtual platform, Georgia Virtual School (GAVS), was called out as a specific example of this potential. The legislation also established a line item of appropriated funds earmarked for professional development to build CS teacher capacity. This training could address multiple aspects of instructional needs including a CS teaching credential, content efficacy, and pedagogical strategies. Another unique dynamic was that teachers trained with these funds, were not to be restricted in their efforts to support school systems external to the one in which they were employed. This teacher sharing, likely to happen via an online strategy, along with the use of virtual school options to meet the mandate reflect the intentional use of technology to support the growth of computer science education in Georgia. The collective of CS education stakeholders in Georgia, known as CS4GA, have taken to referring to these strategies as tech multipliers, due to their ability to multiply teaching capacity in a variety of ways. 
The use of technology to build or expand teaching capacity is not a new strategy but one that is novel in its use as a policy lever, especially in establishing a new K-12 discipline and encouraging a more diverse set of students to participate. Since computer science is a new K-12 discipline, it begs the question of whether technology multipliers, either for direct instruction or professional development, can build teacher capacity and broaden participation in computer science education. That is the genesis question for this dissertation. 
The first article in this dissertation, “Georgia Online Education Option for Broadening Participation in K-12 Computer Science” (Cox et al., 2022), focused on the use of technology as an instructional multiplier. For that article, we first defined what qualified a student group to be underrepresented in computer science education. We looked at a measure of representation within common student dimensions: race/ethnicity, gender, and students with disabilities. We pulled data from the state education agency and calculated the percentage of students in each category in computer science classes and compared that to the percentage of the same category within their respective school system. We found that black and Hispanic students, girls, and students with disabilities were consistently underrepresented in computer science classes compared to their representation in their community. White and Asian students, and male students were consistently overrepresented. This is also the case on a national level and expected. When we looked at the same data for students attending online courses in computer science versus broad online enrollment in their community, we found very similar measures of representation. The online medium, by itself, did not broaden participation in computer science education. While virtual options create greater access to CS instruction for students, they do not promote a more diverse population of students to participate in computer science instruction. The first article was published in the Policy Futures in Education journal in 2022. 
The second article explores the use of technology to build teacher capacity through professional learning focused on integrated computing strategies. I evaluated the capacity of a self-paced, online course on integrated computing to impact teachers’ perceptions and understanding of CS, computational thinking (CT), and computing integration into other content areas. One aspect of this project was to build accessible professional learning by developing self-paced, online courses. Another was to train more teachers to offer computer science instruction by introducing integrated computing strategies to core content areas teachers as well as computer science teachers, in-service and in pre-service programs. Potential computer science teachers are not only offering discrete computer science instruction but may also offer computer science instruction within a context familiar to the teacher, such as another core content area. The courses developed by Georgia State University in partnership with the Georgia DOE and the International Society of Technology Education meet those needs. I investigated the viability of this tool for broadening participation in computer science in Georgia.
[bookmark: _Toc141192805]Significance of studies
As states explore strategies for broadening participation in Computer Science, those enacted in Georgia are unique in many ways. The online option for CS course offerings is designed to mitigate challenges faced by rural students and students in low-socioeconomic communities as well as other school systems that have difficulty recruiting and retaining computer science teachers. Integrated computing has the potential to expand the CSforAll intent to all classroom teachers and consequently all students by leveraging computing education as a tool for learning within a range of contexts. If the strategies explored in Georgia are successful, Georgia will be regarded as a leader in this space and will have strategies to share with other state that could be used to address some common challenges faced across the country.
[bookmark: _Toc141192806]Personal Positioning and Bias 
I was hired in 2016 as the Computer Science Program Specialist for the Georgia Department of Education. I was the first person in Georgia to fill that role and the fourth in the country. Prior to working at the Georgia Department of Education, I was a high school teacher with several years of experience teaching Math, Engineering, and Computer Science. My undergraduate degree is in Computing Information Systems from Florida A&M University, a Historically Black University. My master’s degree was in Math Education from Georgia State University. I am a black male. The promotion of computer science education, especially for marginalized students, has been my focus for community and social change for over two decades. I have been evolving a scientifically sound approach to that end since 2010. 
As the Computer Science Program Specialist for the Georgia Department of Education, a role that resulted from the forementioned 2015 Task Force, I am responsible for supporting the development and upkeep of K-12 computer science teaching standards, supporting teacher professional development, and implementing policy related to computer science education in the state of Georgia as my chief responsibilities among many others. In this role I am responsible for the development and successful implementation of professional learning courses like those targeted in this research. I am also a Co-PI on the grant that resulted in the development of the courses in this research and a follow-up grant, targeted at scaling this work would benefit from a successful implementation of this coursework.


[bookmark: _Toc141192807]Article 1: Georgia online education option for broadening participation in K-12 computer science

Abstract
This paper explores the potential of virtual education options to fulfill policies designed to broaden participation in computer science (CS) education. Virtual education platforms inherently offer access to a wider range of students than traditional brick-and-mortar schools. Access does not preclude the various socio-economic challenges to engaging these platforms, but this format could be used to mitigate barriers to reaching groups of students that have historically been marginalized in CS courses. In 2019, Georgia passed legislation that requires all middle and high schools to offer CS courses by 2025. The legislation also allowed for virtual courses to satisfy the requirement. While the legislation is intent on broadening participation in CS education, it specifically incorporates a virtual option, making it novel among similar legislative actions across the country. In this context, we examine whether virtual CS courses increase access for marginalized student populations. As such, we explore (1) to what extent do the disparities in CS education found in brick-and-mortar classrooms also appear in virtual settings and (2) to what extent is there an association between modality and rurality on CS course enrollment. Using district enrollment data from 2012 to 2019 for CS courses in Georgia, we calculated the percentage of students in marginalized groups that enrolled in physical courses across the state compared to the percentage enrolled in statewide virtual courses to illuminate existing disparities in enrollment. We conducted this analysis at the district level to highlight variability in representative disparity and the underlying structural differences that might contribute to these disparities. Our analysis provides insight that incorporates the different levels of representative disparity districts have overall. As an early adopter of virtual CS education, the Georgia model provides valuable information for states interested in policies to broaden participation in CS courses.
[bookmark: _Toc141192808]Introduction
Computer science (CS) was once a highly selective and guarded field of study. The field had its own jargon, instructional pathways that began at post-secondary institutions, and a stereotypical set of characteristics for members. Although the first programmers were majority women (Light, 1999), since the early ‘80s the field has become increasingly male-dominant (National Science Foundation, 2019). As the global society has become more digital with fundamental activities like communication, entertainment, and education relying heavily on computing devices, the field of computing needs significant broadening. While computing practitioners and academics are eager to broaden participation in computing classes and jobs (Guzdial, 2016), the structures that initially kept the field restrictive persist (Google/Gallup, 2016). This study examines the extent to which the attempt of one state to remove systemic barriers to CS at the K-12 level might be associated with changes in CS enrollment overall, specifically for students from ethnically and geographically marginalized groups and those with other ascriptive characteristics underrepresented within the CS field.
Representation in CS, be it in industry, college, or high school, has historically been limited to largely urban, wealthy, White or Asian men. This field has proven challenging for other groups to enter due to systemic barriers such as available courses in schools, access to computing devices, and access to a CS teacher, which limit access to CS educational experiences (Google/Gallup, 2015a; Google/Gallup, 2015b). As a result, school systems, universities, and state education agencies are implementing policies that could bridge the chasms between students from all demographic groups and computing knowledge and experiences essential to equitable participation in society. These policies seek to overcome the barriers to obtaining computing skills and jobs. Over the past 5 years, many states have enacted legislation that is aimed at stimulating student participation in CS education (Code.org, CSTA, ECEP, 2020). Common policies include the following:
• Adopting CS education standards;
• Allowing CS courses to count for graduation credit;
• Allowing CS courses to count for admission to college;
• Establishing teaching credential pathways for CS teachers;
• Funding teacher professional learning;
• Hiring a state education CS specialist;
• Requiring all elementary, middle, or high schools to offer CS courses
• Making CS a graduation requirement.
Georgia has, either through state education agency policy or state legislation, enacted all of these policies except the last—making CS a graduation requirement. In addition to the mandate that each middle and high school offers a CS course, Georgia law provides state-wide online courses as an option to meet the requirements. In this report, we are exploring the potential impact of one facet of a policy intended to address several structural contributors to the disparities in CS course enrollment.
A further challenge in Georgia is the recruitment and retention of CS teachers in the 123 school systems identified as rural systems. The disparities between what some have called the “two Georgias,” the rural and urban areas of the state, is a challenge that the Georgia Department of Education and the Georgia legislature have worked to address. Examples include a law allowing non-communication utilities to offer broadband services in rural communities and targeted professional learning workshops in rural communities. The online provision in the CS law is intended to be another solution to these challenges. The online option is designed to help mitigate the challenge in recruiting and retaining a CS teacher and provide access to computing courses in rural school systems and systems serving low socio-economic communities. While the ultimate impact of policies takes time to realize, educational research can examine the potential of modifications to common policies that are intended to address specific barriers to CS education.
As such, we examined the extent to which offering CS courses virtually, such as the statewide, state-sponsored Georgia Virtual School, increased access to CS courses. Specifically, we answered the following research questions. (1) Are the disparities found in face-to-face CS instruction also found in online CS instruction? and (2) To what extent is there an association between modality and rurality on CS course enrollment? As a state at the forefront of K-12 online CS course-taking, findings can provide insight into the potential for using online course-taking to broaden participation in CS education. We also document how much of an impact the modality has on CS enrollment, which policymakers, researchers, and educators can use to inform the development and improvement of virtual CS courses or policies intent on broadening participation in CS.
[bookmark: _Toc141192809]Background
[bookmark: _Toc141192810]Georgia CS policy background
Georgia is a large southeastern state with a student population of about 1.9 million. Approximately 70% of the students are in the five urban centers of the state while the remaining 30% are in rural school systems. Georgia’s student body is 39% White, 37% Black, 16% Hispanic, 4% Asian, and 4% other ethnicities (Georgia Department of Education, 2020). We analyzed data for high school and middle school CS courses, which is the focus of the legislation. Georgia has 481 high schools and 484 middle schools in its 212 school systems.
CS courses have been offered in Georgia for many years and several interventions have been applied over the past decade to grow K-12 CS in the state (see Table 1). In 2010, CS courses in Georgia were exclusively high school electives found in the Career, Technology, and Agricultural education department. By 2014, three of those courses were offered via Georgia Virtual School, an instructional platform run by the state education agency. Georgia Virtual School was designed as a supplemental, online school system that can be used by all local education agencies in Georgia for options such as credit recovery and advanced instruction over the summer term. The Georgia Virtual School is also used to enable local systems to offer courses that are difficult to staff, such as CS. Local systems must cover the cost to offer these courses.
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	Year
	Georgia policies
	6–12 Student enrollment in CS courses
	Credentialed CS teachers

	2013
	No CS policy changes
	3200
	N/A

	2014
	No CS policy changes
	22,000
	N/A

	2015
	Governor establishes a CS task force; CS in-service and pre-service standards for teachers
	33,000
	N/A

	2016
	9 HS CS courses count for graduation credit; GaDOE hires K-12 CS specialist
	39,000
	33

	2017
	CS4GA collective impact effort established
	44,000
	76

	2018
	CTAE middle school grant; 3 CTAE middle school courses created
	52,000
	230

	2019
	K-8 CS standards approved; SB 108 signed into law; CS credential required for high school; CS4GA capacity grant for teacher training
	63,000
	250

	2020
	—
	83,000
	403



In 2015, the governor of Georgia called for a task force to broaden participation in CS education in the state, resulting in computer science counting for graduation credit and the state education agency creating a specialist position dedicated to computer science. Over the next few years, the state increased the number of high school CS options to 19 courses, including 2 AP and 2 IB courses, and formalized credentialing pathways for CS teachers. In February 2019, the State Board of Education approved the inaugural K-8 CS standards which eventually turned into five middle and six elementary school courses. By this time Georgia Virtual School offered 8 of the 19 CS-related high school courses. The state legislature passed a bill in March of 2019 requiring all middle and high schools to offer CS courses by the years 2023 and 2025, respectively. The CS law is a structural policy designed to broaden participation in Georgia K-12 CS courses by requiring a course be offered in both middle and high schools across the state and by including language that allows offering CS via an online institution to satisfy this requirement.
Online courses have the potential to be offered anywhere internet service is available. In addition to Georgia Virtual School, there are two fully online Local Education Agencies operating in Georgia as well as supplemental virtual schools offered by several school systems. Online CS course offerings preclude physical distance as a barrier to enrollment. It remains to be seen whether factors such as the availability and speed of internet service, district revenue, and other characteristics commonly associated with structural inequities impact student enrollment in online CS courses and thus mitigate virtual schooling’s potential to broaden participation in computing courses. As Georgia marches towards the 2023 and 2025 mandate, questions arise as to whether these policy interventions will be successful in broadening participation in computing courses.
[bookmark: _Toc141192811]Disparities in CS education
Participation in CS education has been growing steadily for some time, but in the past 7 years, the drive to add CS education as a ubiquitous aspect of K-12 education has increased dramatically (Guzdial, 2016). This drive is partially in response to chronic disparities in the STEM and CS career fields. Ethnic minorities and women are more likely to be diverted out of STEM degrees, which include CS, than White and Asian males (Carnevale et al., 2011). In 2015, women accounted for only 26% of the computer and mathematical sciences workforce in the U.S. while accounting for half of the overall workforce. Hispanics, Blacks, and American Indians made up 27% of the population but account for only 11% of the science and engineering workforce and (National Science Foundation, 2019).
In education, the disparities are equally pronounced. In 2015, women received 18% of the CS degrees issued nationally (National Science Foundation, 2019). In K-12 education, ethnic minorities, English language learners, students from rural communities, and students with disabilities are all underrepresented in CS classes (Code.org, CSTA, ECEP, 2020). While there have been curricular initiatives that have made some headway in broadening participation, it is important to remember that curriculum alone is insufficient (Margolis, 2014). Initial and ongoing teacher PD, authentic project-based instruction, and initiatives that address student identity in CS are initiatives that, when taken together can have a lasting impact. These disparities are decreasing, but there remains a great deal of ground to be covered before equitable access can be associated with CS education and occupations.
Georgia is also seeing an increase in CS course enrollment, accompanied by a gradual correction of underrepresentation in K-12 CS courses. In Georgia, high school student enrollment in CS-related courses grew from ∼3500 students in 2013 enrolled statewide to ∼54,000 in 2019. This represents an increase from 0.7% of high school students participating in CS courses to almost 11%. Part of this is due to the College Board’s release of AP Computer Science Principles in 2017. In Georgia, 2985 students took the AP CS Principles exam in 2019 compared to 1973 that took AP CS A, the long-standing AP CS option.
As the offering of CS courses has increased, so has the demographic diversity in those classes. The ratio of boys to girls in high school CS courses in Georgia in 2013 was a little over 3:1. In 2019, the ratio was 2.2:1. In AP CS Courses, the ratios were 4.4:1 and 2.5:1, boys to girls, in 2013 and 2019, respectively. White students in Georgia, however, are still more likely to persist in CS pathways than Black students. In 2018 and 2019, Black students outnumbered White students in enrollment in introductory courses (e.g., AP CS Principles) but dropped off significantly in advanced courses (e.g., AP CS A). Access to CS courses and the early development of CS identity are the subject of current efforts to mitigate these disparities Figure 1 and 2.
[image: ][bookmark: _Toc137638794][bookmark: _Toc141193254]Figure 1. Gender breakdown in all computer science courses (Georgia Department of Education Data)


 
[bookmark: _Toc141193255]Figure 2. Gender breakdown in AP computer science courses (Georgia Department of Education Data)
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The raw numbers do not capture the disparity in CS education as acutely as a measure of representation that accounts for discrete populations. Table 2 shows the percentage of each subgroup in CS courses in Georgia, compared to their percentage in their local school system population (i.e., [total sub-population in CS/total population in CS]/[total sub-population in system/total population in system]). The representations of each system were then averaged to create a picture of the state. A value of “1” would mean the group’s representation in CS courses is equal to their representation in the population. Values above “1” are overrepresented in CS courses while values below “1” reflect underrepresentation.

[bookmark: _Toc141193264]Table 2. Overall representation in Georgia CS courses.
	Year
	Hispanic students
	American Indian students
	Asian students
	Black students
	White students
	Two or more races students
	Female students
	Male students
	Students with disabilities

	2016
	0.72
	0.79
	2.05
	0.93
	1.06
	0.96
	0.76
	1.23
	0.77

	2017
	0.68
	0.98
	1.97
	0.93
	1.08
	0.90
	0.76
	1.23
	0.75

	2018
	0.66
	0.89
	1.99
	0.94
	1.10
	0.89
	0.76
	1.23
	0.73

	2019
	0.63
	1.00
	2.00
	0.94
	1.12
	0.82
	0.76
	1.23
	0.71

	Mean
	0.67
	0.91
	2.00
	0.94
	1.09
	0.89
	0.76
	1.23
	0.74



Black and Latinx (referred to as Hispanic in the Georgia data system) students, girls, and students with disabilities are consistently underrepresented in CS classes. Asian, White, and male students are consistently overrepresented in these courses, and the gaps have remained consistent over the past few years.
The reasons for representation disparities are varied. There are issues of access that relate to community and local education agency structure. Formative experience in computing courses has shown to be a statistically significant factor in predicting learning outcomes for middle school students in CS (Grover, 2016), but Black and Hispanic students are less likely to have a CS course at the school they attend or have a computing device available at home (Google & Gallup, 2016). Black students in Georgia are 1.5 times less likely to attend a school that offers AP Computer Science than White and Asian students (Code.org, CSTA, ECEP, 2020). Even within the same school district, the schools with higher black or Latinx populations have a lower likelihood of offering CS, especially advanced CS courses. Other reasons point to persistent beliefs about who would be successful in CS courses. A direct predictor of girls' interest in computing is the perceived support from peers and teachers (Denner, 2015), but girls are less likely to be told that they would be good at CS (Google & Gallup, 2016). Online CS course offerings will not address many of these challenges but may, when combined with additional interventions and policies, serve as an important component to a comprehensive plan to broaden participation in CS education.
[bookmark: _Toc141192812]Virtual learning
One benefit of virtual learning is the ability to provide instruction to students across geographic areas. Many courses are also delivered in such a way that a comparable educational experience can be provided to large numbers of students at the same time. Virtual learning is shown to be at least as effective as face-to-face learning regarding student achievement (Nguyen, 2015). However, unlike traditional, face-to-face instruction, virtual learning requires access to a computing device and high-speed internet, as well as teacher and student readiness and interest to engage in an online format.
Online learning has many different flavors and schemas of implementation (Malik & Agarwal, 2012). While some schools are run completely in the virtual space, others utilize a hybrid model, pulling content from remote servers while relying on a local facilitator. Some students take one or two classes online via supplemental models like Georgia Virtual Schools while others use virtual lessons and activities as practice or tutorial. These options are as present in CS education as they are in any other content discipline and perhaps, due to the technical nature of the discipline, more so. The various learning models are accessible to all age ranges. Preschool-aged children are commonly engaged with online tools, such as Scratch, to learn CS concepts (Wohl, 2015). Our current focus is whether an online option for CS courses will attract students, particularly those who have traditionally self-selected out of CS courses or have had little to no access to an in-person CS teacher.
It is important to keep in mind that this is a period of transition and most students have a legacy of organized, face-to-face instruction. Even though students will likely see an increase in the number of online learning experiences they encounter, there still appears to be a strong connection to in-person presence. Additionally, the global COVID pandemic has forced millions of more students into virtual learning than had previously self-selected into such experiences, instigating the transition to digital learning to occur at a more rapid pace. Future research will incorporate this historical context when exploring the evolution of virtual learning. When provided with both a virtual instructor and an in-person facilitator, students feel better supported and respond more favorably to the in-person facilitator even if the majority of instruction comes from the online instructor (Borup et al., 2019). There are two models in Georgia that function in a similar fashion. Microsoft TEALS pairs an industry professional with a classroom teacher to serve as the subject matter expert while the teacher develops content knowledge. Although this has historically been an in-person pairing, the TEALS team is planning to use a virtual option to support districts in rural communities’ access to industry professionals. Georgia Virtual also operates the “Partner-Up” model that has a similar construction, offering a virtual teacher to support in-class facilitation.
It is important to note that barriers to effective online instruction may be found in a social context like student reading levels as well as poor platform design such as text translations for English language learning students (Heinrich et al., 2019). Additionally, the recent COVID pandemic brought to light a wide number of disparities regarding broadband access, at-home computing devices, and familiarity with and readiness to participate in online learning. The disparities in access to broadband and computing devices existed before the pandemic (Google & Gallup, 2016) but have been exacerbated because of the imperative to shift to virtual learning. Lack of readiness to participate in online instruction being a barrier to success is also not novel (Engin, 2017). Students that have not been properly prepared for self-regulated learning find less success in online environments (Darling-Aduana et al., 2019) but the adaptations in the learning environment caused by the pandemic mean these challenges are affecting more students than ever before. In many school systems, virtual learning went from elective to compulsory, and future research should reflect on how that impacts participation in online CS courses.
[bookmark: _Toc141192813]Methodology
This study used data provided by the Georgia Department of Education from the past 5 years, corresponding to the implementation of CS policies in Georgia. These data include whether the students’ enrollment took place online or in-person. The online distinction is used whether the student attends class at a completely online school or takes an online class while attending a brick-and-mortar or home school. Thus, online enrollment includes (but is not limited to) courses taken via Georgia Virtual School. By segmenting the data based on modality we can compare enrollment in online CS courses to enrollment in non-CS courses and determine if including this option in the legislation inherently addresses the disparity gaps commonly found in CS education. Our research questions were as follows:
(1) Are the disparities found in face-to-face computer science instruction also found in online CS instruction?
(2) To what extent is there an association between modality and rurality on computer science course enrollment?
Additionally, we studied the impact that modality and system revenue had on CS enrollment. While this is ancillary to the purpose of this article, these characteristics are added as control variables to account for size and financial resources of a school system.
Data were analyzed for the school years 2015–2016 (AY, 2016) through 2018–2019 (AY, 2019), the oldest and most current data available at the time of the request. The data set included face-to-face and online course enrollment for all courses in the high school IT pathways (16 unique courses including AP courses as well as CS-related courses like web development), the middle school CS courses (3 unique courses), and the IB CS courses (2 courses). The data points for each course included the school system name, school name, course name, course type (online or face-to-face), total enrollment, and enrollment broken down by race and ethnicity, gender, and disability status. Overall enrollment data was also pulled for each district to provide contextual comparisons.
The contextual information from the district was used with the course enrollment data to calculate percentages of student demographic groups enrolled in CS courses. This analysis was done on the district level and then an average was taken across the state to give a broad picture. Tables 3 and 4 show the face-to-face and the online representation of each demographic group in CS classes in relation to their representation in the local school system population. Table 5, 6 and 7



[bookmark: _Toc141193265]Table 3. Face-to-face representation in Georgia CS courses. 
	Year
	Hispanic students
	American Indian students
	Asian students
	Black students
	White students
	Two or more races students
	Female students
	Male students
	Students with disabilities

	2016
	0.74
	0.83
	1.97
	0.92
	1.06
	0.78
	0.76
	1.23
	0.79

	2017
	0.75
	0.85
	2.00
	0.94
	1.08
	0.77
	0.79
	1.20
	0.72

	2018
	0.97
	0.95
	2.10
	0.90
	1.02
	0.81
	0.70
	1.29
	0.66

	2019
	0.90
	1.76
	2.15
	0.83
	1.08
	0.84
	0.73
	1.26
	0.67

	Mean
	0.85
	1.10
	2.06
	0.90
	1.06
	0.80
	0.74
	1.24
	0.71



[bookmark: _Toc141193266]Table 4. Online representation in Georgia CS courses
	Year
	Hispanic students
	American Indian students
	Asian students
	Black students
	White students
	Two or more races students
	Female students
	Male students
	Students with disabilities

	2016
	1.00
	1.43
	2.82
	0.69
	1.22
	1.99
	0.74
	1.20
	0.93

	2017
	0.31
	0.01
	7.40
	0.49
	1.60
	1.46
	0.68
	1.28
	0.66

	2018
	1.22
	2.40
	9.39
	0.62
	1.35
	1.53
	0.61
	1.35
	0.85

	2019
	1.19
	0.30
	5.32
	0.64
	1.21
	1.48
	0.69
	1.28
	1.36

	Mean
	0.95
	1.06
	6.41
	0.61
	1.34
	1.60
	0.68
	1.28
	0.96



[bookmark: _Toc141193267]Table 5. Mean face-to-face and online representation in Georgia CS courses. 
	Year
	Hispanic
	American Indian
	Asian
	Black
	White
	Two or more races
	Female
	Male
	Students with disabilities

	Face-to-face
	0.85
	1.10
	2.06
	0.90
	1.06
	0.80
	0.74
	1.24
	0.71

	Online 
	0.95
	1.06
	6.41
	0.61
	1.34
	1.60
	0.68
	1.28
	0.96




[bookmark: _Toc141193268]Table 6. Impact of modality, rurality, and time on CS course enrollment. 
	Independent variables
	Beta
	Standard error
	P values

	Modality
	350.444
	39.868
	<0.001

	Rurality
	−500.108
	42.632
	<0.001

	Year
	23.101
	—
	0.185



[bookmark: _Toc141193269]Table 7. Impact of system revenue, having a CS teacher, and rurality on online CS enrollment. 
	Independent variables
	Beta
	Standard error
	P values

	System revenue
	−18.315
	17.583
	0.300

	CS teachers
	7.433
	2.408
	0.003

	Rurality
	−62.803
	36.981
	0.093



As a note, the data for online CS representation is related to online total representation and the data for face-to-face CS representation is related to face-to-face totals; thus, the overall representation numbers seen earlier (Table 2) included significantly fewer “0” entries than either of the two data sets seen here. Consequently, the whole is not precisely equal to the sum of its parts.
Following this comparison, a regression was run on the whole data set to determine if modality, rurality, or academic year impacted enrollment in CS courses. The regression was used to explore the extent to which identified independent variable affects the dependent variable in question, that is, CS enrollment.
Finally, we looked specifically at the 2018–2019 school year. This was the most recent data available at the time of analysis. This data was appended with system revenue and the number of credentialed CS teachers in the system as control variables. A final regression was run on this data to determine to what extent the wealth of a system, having a CS teacher, and whether a system was classified as rural or urban impacted enrollment in online CS courses.
[bookmark: _Toc141192814]Results
The first research question was a direct assessment of the ability of online learning options to increase diversity in CS education. Are the disparities found in face-to-face CS instruction also found in online CS instruction? The evidence for this question was a comparison between the mean representation measures for face-to-face and online CS enrollment. This comparison shows one change from underrepresentation in face-to-face enrollment to overrepresentation in online enrollment, students that identify as two or more races. Hispanics, American Indians, and students with disabilities saw their representation in CS courses get closer to their representation in the population, but disparities in representation of Black versus White and Asian students and female versus male students all became larger in online CS courses. Again, these representations are compared to the population in each district so as not to conflate the different compositions of the various communities across the state.
The second research question explored the impact that modality and rurality have on CS course enrollment. For the regression model, rural was coded as “1” and urban was coded as “0.” Face-to-face was coded as “1” and online was coded as “0.” Academic years 2016, 2017, 2018, and 2019 were coded as “1,” “2,” “3,” and “4,” respectively. The p values for modality and rurality are both less than 0.05 with large beta values, so we conclude that both modality and rurality had a strong influence on overall CS enrollment. Students in Georgia are far more likely to enroll in a CS class if they are from one of the urban centers of the state than if they are from one of the rural school systems. Students are also more likely to attend a CS course if there is a face-to-face option than if their only option is online. These disparities are consistent over the past few years as the variable academic year (e.g., AY, 2016 vs. AY, 2019) has a small beta value for such a large population and p value greater than 0.05, and thus, we conclude that year did not impact CS enrollment significantly.
As an extension to the previous question, an additional regression was run on data from the 2019 academic year. For this data set, we added a variable for the yearly revenue of a system and another variable for the number of credentialed CS teachers each system had. We used the natural log of the system revenue to normalize the distribution across the state. This final regression analyzed online CS enrollment as the dependent variable with the log of system revenue, whether the system had a CS teacher, and whether the system in question was identified as rural as the predictor variables. The regression used stepwise variable entry to treat system revenue and CS teachers as control variables to isolate the effect of rurality. For this data set, revenue and number of CS teachers were coded as continuous values, and rural was coded as “1,” urban as “0.” The model revealed that a systems’ designation as rural did not significantly impact whether a student enrolled in an online CS course, nor did the revenue of the system. Having a credentialed CS Teacher, however, had a positive impact on whether a student took an online CS course. The CS Teacher is a face-to-face intervention that had a positive effect on online options.
[bookmark: _Toc141192815]Discussion
Creating policies to broaden participation in computer science is an effort that is growing nationally (Code.org, CSTA, ECEP, 2020). The variety of policies that are recommended are being implemented in different order and combination, usually to increase overall enrollment in CS courses. A common goal is also to increase the diversity in CS by encouraging populations who have previously been marginalized in CS education. Some policies seek to increase broad enrollment while also including adaptations to address specific populations of students. Georgia’s 2019 legislation is such a policy, incorporating language that is intent on affecting rural and low socio-economic communities, communities with schools that traditionally have had difficulty recruiting a CS teacher. While there are efforts intent on expanding what counts as CS knowledge, that is beyond the scope of this article.
Historically there have been palpable disparities in CS education regarding who is enrolling in the courses (Google & Gallup, 2016). Our findings confirmed that these disparities are as present in the Georgia K-12 school system as they are throughout the country. Table 2 also shows that these disparities have been slow to change over the last 4 years despite statewide efforts to broaden participation in CS education. Students identified as Asian, White, and male are overrepresented in CS classes, while students identified as Hispanic, Black, two or more races, female, and with disabilities are underrepresented.
Based on the data analyzed here, the disparities in CS education in Georgia are not significantly addressed through online education options. Some disparities that are of common concern, such as that between boys and girls in CS courses and those between White and Black students, see increases in online CS courses. Additionally, although online options are considered an means to address for the challenges to offering CS in rural school systems, the existence of virtual options in Georgia has not positively impacted diversity in CS enrollment. Rural systems are far less likely to enroll students in a CS course than urban systems, but rurality does not have a significant impact on online CS course enrollment once the physical presence of a CS teacher is taken into account. The associated cost of taking a course via Georgia Virtual Schools also does not seem to be the deterrent as system revenue is also not significantly correlated with online CS course enrollment. There may be other extenuating circumstances, such as the structural and social factors not related to online access. Principals and superintendents have cited the lack of a connection between CS courses and high stakes testing and the limited amount of time in the school day as reasons why they do not offer CS courses (Google & Gallup, 2015). After the implementation of the new Georgia legislation that requires CS to be offered, follow-up research could survey rural counties to investigate which of the multitude of factors impacts students’ choices to enroll in CS courses.
Interestingly, having a credentialed CS teacher in the building increases the likelihood that a student will take an online CS course. Students in Georgia are also more likely to take a CS course, online or face-to-face if there is a face-to-face option in their district. These outcomes may have something to do with the Georgia Virtual Partner-up model where a new CS teacher will enroll their students in a Georgia Virtual course, having the virtual teacher serve as the content expert while the classroom teacher gains comfort with the material. This is like the model explored by Borup and colleagues (2019) as well as the model offered by the TEALS program which has shown success in supporting the development of new CS teachers. Another rationale may be that having a CS teacher on the premises opens the options and possibilities of CS to students that otherwise would not have had any awareness of what was available. A final reason could be that the fully virtual school systems in Georgia also offer face-to-face options. Students may take advantage of these options to engage in a familiar context. Whatever the reasons, the impact of a high-quality teacher can never be understated. The legislation in Georgia also came with appropriated funds for building CS teaching capacity with this understanding as essential.
We found that offering online learning options is not enough to broaden participation in CS on its own. Interventions to remove other structural barriers, such as access to high-speed internet, may also play a role in providing rural districts with access to online CS courses. During the same legislative session that Georgia lawmakers passed the CS bill, they also passed a bill enabling utility companies besides telecommunication companies, such as electric companies, to provide broadband to those parts of the state without strong telecommunications infrastructure. Perhaps this legislation will bolster the CS bill by providing additional access to remote regions. Adding middle school to the high school requirement and encouraging elementary schools to offer CS-related instruction may culminate in more students taking CS courses. The practice of helping young students build identities related to CS begins at formative stages of development and can persist throughout their academic careers. Future research is needed to determine whether more recent policies enacted in Georgia will result in greater diversity and wider enrollment numbers. Students’ futures, and the future of the United States, are best served when all students have access to courses essential for success in the modern economy and equal participation in society.
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[bookmark: _Toc141192817]Article 2: Building Computer Science Teaching Capacity with Integrated Computing
Abstract
Integrated computing applies computational thinking (CT), computer science (CS), and programming to solve problems in non-computing disciplines, like language arts, math, or science. From a non-computing education perspective, integrated computing can be used to evolve the instructional practice of educators within core subject areas, providing a rationale to ‘why’ a teacher should learn these concepts -- to solve problems or develop innovations within their own pedagogy. These innovations provide their students with increased agency, engagement, and understanding of traditional concepts within the target discipline. From a computing education perspective, teachers and students participating in integrated computing lessons benefit from having a concrete application for the use of computing concepts. However, integrated computing is new and, thus, uncommon in teacher preparation, resulting in external resources, like online courses, being developed to share this paradigm with teachers. This study explored the effects of a series of self-paced, online courses for educators designed to explore and promote integrated computing. To assess the effectiveness of the intervention, we examined artifacts developed during the courses and analyzed pre- and post-surveys submitted by course takers. The artifacts were examined quantitatively using a rubric for both conceptual CT and CS understanding. They were further examined to explore whether the core content area standards were also incorporated into the lesson, exposing an integrated approach to instruction. The surveys were examined in aggregate to learn about the changes in perceptions of teachers regarding CT, CS, and integrated computing.  The results show that participants’ perceptions about whether computing integration was a viable practice and whether they were able to participate in this practice was improved significantly. Evaluated artifacts also reflected this confidence, containing both CT concepts and core content standards. CS skills were less likely to be incorporated into the artifacts and when they were, core content standards were less likely to be present in the same instance. The intervention reflected the improvement of CT integration but not that of CS skills.
[bookmark: _Toc141192818]Introduction
To participate effectively in a society defined by computing technology and data, students must develop computing literacies. Computing literacies are an understanding of how to interpret, design, and apply computing solutions to everyday challenges. In addition to the need for this broad set of computing literacies, the lack of a larger and more diverse workforce for computing jobs has stimulated an interest in broadening participation in K-16 CS education. While these goals overlap, they are not synonymous. Integrated computing is an area of study that exists at the nexus of CS and applied computing literacy, rather than an area within the CS domain. Integrated computing is also related to CT, a thought process that is cultivated in CS, computing literacy, and integrated computing. 



[bookmark: _Toc137638796][bookmark: _Toc141193256]Figure 3. CS, CT, CL, and Integrated Computing Intersections

Computer Science: 
The study of computing devices, both their hardware and software, their impacts on society, and the development of applications using those devices.
Integrated computing: 
The use of computer science skills and computational thinking concepts to develop solutions for a specific context or content area.
Computing Literacy: 
Understanding how computing devices may be applied in common experiences and as solutions to common challenges throughout society.




Computational Thinking:
A collection of thought processes that employ problem solving with potential computing solutions.





CT has been characterized as a formalized description of how humans naturally solve problems (Yasar, 2017). CT concepts and skills, such as abstraction, decomposition, and the development and debugging of algorithms, are all skills that humans employ routinely. As general problem-solving skills, they are inherent in various content areas across K-12 education (Lawson et al., 2013; Wing, 2011), but the recent movement to infuse CS as a formal K-12 discipline provides the opportunity to intentionally teach this skill set to a wider range of students. CT is a process of mind that is formalized in many of the skills associated with CS, which essentially defines problem-solving procedures so explicitly that a machine can execute them. This process of mind exists in CS but also in the broader context of computing literacies, literacies that exist in many disparate contexts.
Integrated computing combines CT with a subset of skills associated with CS and programming and can be used to evolve instructional practice within a specific context, such as another core subject area. Integrated computing provides an immediate rationale as to why a teacher should learn these concepts; to solve problems or develop innovations within their own pedagogy; innovations that provide their students with increased agency, engagement, and understanding of traditional concepts within the discipline of choice (Qualls et al., 2010). An example is students using Scratch, a popular block-based coding platform, to summarize a story they read using animated characters. This project compels students to attend to the details of the story through additional dimensions beyond simply writing a report since location, position, and timing are all included in the development of an animation. Students also develop an understanding of CS concepts like conditionals and loops and build an artifact that they can share with their parents and peers. Additionally, students can express themselves creatively via the multimedia environment. Integrated computing is related to technology integration in that it utilizes computing technologies to evolve pedagogical practices but differs from technology integration by allowing teachers and students to be co-creators of their tech solutions rather than users of a solution created by someone else.
Promoting integrated computing with computing and non-computing teachers creates the opportunity for many more students to develop computing literacies than teaching CS alone. These literacies exist within a context that is compelling to the teacher and the student and can be taught in a way that does not distract from the context. It also has the potential to help evolve teacher perceptions about computing by casting CT as a frame of thought that enhances their pedagogy and CS skills as a tool used to take ownership over how that pedagogy evolves. Professional development experiences related to integrated computing and CT that are made available to both pre-service and in-service teachers might serve as the mechanism for a broad computing literacy for all students.
[bookmark: _Toc141192819]Literature Review
[bookmark: _Toc141192820]Teacher Perceptions of CS & CT
Teaching CT is a strategy that supports the preparation of teachers for participation in integrated computing practices. CT is a core component of the K12 Computer Science Framework (2016), a framework that was developed to identify the CS related skills and concepts students should learn during their matriculation through primary and secondary education pathways. Many efforts are focused on training discrete CS teachers but there are a growing number of interventions focused on the integration of CT and CS into other content areas. Promoting computing integration has many advantages over a narrow focus on discrete CS skills. 
First, this strategy opens the door for engaging a larger number of teachers and students in computing literacy as CT can be taught within the context of math, science (Lee et al., 2014; Weintrop, 2021), music education (McCoid et al., 2013), social studies (Shreiner et al., 2021), as well as many other fields (Wing, 2011). CT skills are often already present in these other content areas and can be made more explicit and engaged more intentionally with some targeted professional development experiences. 
Second, by focusing on CT, you are still building skills essential to learning CS, making the strategy attractive to potential CS teachers as well.  CT can be used as an introduction to formal CS education and can serve as a steppingstone for teachers considering a content focus change. Introducing CT is a strategy for teachers that may find learning a programming language, one of the central skills of CS, intimidating or superfluous to their instructional practice. For many teachers, the instruction in CT may serve as a palatable gateway to CS or a component of something more immediately useful, integrated computing.
Potential computing teachers may be intent on offering discrete CS instruction or on integrating computing into their existing content areas. Schools seeking to offer discrete CS instruction often face structural challenges. While school principals admit to the importance of CS, they cite time in the school day and funding for an additional class to be consistent barriers for adding CS to the school schedule (Google & Gallup, 2020). Integrated computing adds computing instruction without adding a new teacher or a new class, instead simply evolving the pedagogy of existing teachers. Many of the teachers that have exhibited early interest in teaching discrete CS come from other STEM teaching fields. It is difficult not to undermine math and science teacher retention efforts while building the CS discipline. One approach to mitigate this conflict is to integrate CT into existing content areas, thereby preserving the integrity of the school’s schedule and personnel budget. Some teachers, however, have expressed concerns with adding additional standards and learning goals into an already packed school day (Rich et al., 2019). Another goal of integration efforts is to frame computing integration as not only a necessary addition to the K-12 experience but one that also enhances what is already being taught. CT concepts such as decomposition, the creation and use of algorithms, abstraction, debugging, and pattern recognition are already implied in many STEM lessons. Teaching these concepts explicitly and viewing them as a natural evolution of existing pedagogy may be more amenable to an existing STEM teacher and to a school that wants to find creative strategies for adding computing instruction to the curriculum.     
Despite the growing momentum to incorporate CT into K-12 education, many teachers hold misconceptions about what CT is, conflating CT with technology integration. In-service teachers, regardless of their core discipline or grade band, do not have a comprehensive understanding of the components of CT (Sands et al., 2018) and pre-service teachers also display little familiarity with CT concepts (Margulieux & Yadav, 2021).  Nevertheless, when asked, most teachers reported holding a high opinion of computing education and computing jobs (Google & Gallup, 2020, 2015). 66% of surveyed teachers consider computing education essential to K-12 education, having as much value as the core subjects. Teachers see computing skills as essential to a wide range of jobs and computing jobs are regarded as an enjoyable and a value-added service to their community. The high value placed on computing education coupled with the pervasive misconceptions about CT indicate a strong need to develop and scale professional development experiences related to CT for both in-service and pre-service teachers.  
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Problem solving and digital literacy skills are essential for students in the 21st century (Dede, 2010), and both are endemic to CS experiences. These skills are often couched in CS education. In CS, however, the skills are used within a software development context, one that is daunting to both teachers and students and has historically extended the disciplinary silos traditionally seen in K-12 education (Anderson et al., 2021). Another common strategy for imparting these skills has been through technology integration. This strategy has also been insufficient as it does not provide technical skill development to build on but rather stifles students and teachers in the “technology user” category, relying on software developers to build solutions for problems endemic to the users’ specific context (Doering, 2014). 
A rising approach to building problem solving and digital literacy skills is computing integration, a young and evolving strategy. Computing integration goes beyond the use of technology and makes use of computing concepts and skills as integral components of the instruction. Computing integration includes the development of CT and helps teachers and students transition from technology users to technology creators. While serving as a gateway to more complex CS learning, computing integration is less daunting than software or app development and is capable of not simply enhancing but evolving the practice of the teacher and the learning of the students within both the computing and core discipline (Margulieux et al., 2022). In this way, both the teacher and students transition from being ‘technology users’ to ‘technology producers’, creating solutions personal to them. 
Computing integration prepares teachers to utilize CT skills, coupled with programming concepts, to develop interactive activities that offer novel learning experiences for traditional concepts within the core disciplines. An example (see Figure 2) of computing integration, developed by Enderle, Margulieux, and King (2021), looks at a traditional science lesson for exploring wave functions in a colorful yet static paradigm and transforms it to provide teachers with an engaging demo and students with an interactive lesson that allows them to explore the topic with increased fidelity. In the original activity, students-built wave models with string and glued them to a piece of construction paper. In the integrated activity, students used pencilCode, a block-based coding environment, to build interactive models that allow the manipulation of variables related to wavelength and amplitude to explore wave behaviors. Students are able to make predictions and adjust the values of the model to test their hypotheses by developing the model that allows for this exploration themselves. This application goes beyond technology integration and adds essential skills to students’ and teachers’ understanding of computing technologies while maintaining a focus on the core discipline topic. 

[bookmark: _Toc141193257]Figure 4. Analog, traditional project on waves vs an integrated computing version
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[bookmark: _heading=h.2et92p0]Computing integration requires more than simply using technology but also includes designing solutions to challenges in your own context dynamically. It is in the development of the solution that we build a deeper understanding of the topic at hand. Seymour Papert (1980) predicted that while we use technology to change the world around us, that utility would also change and evolve us. Science teachers working with Margulieux and Yadav (2021) found that including CT in their practice helped them build deeper connections within their students’ understanding of the science topics. This does not happen without sacrifice. Including computing instruction takes away from time that would traditionally be used engaging in core content (Lawson et al., 2013). In order to keep students focused on the topic at hand, the computing instruction cannot take over the class. Further, because many students may be engaging with programming concepts for the first time, introduction to these concepts must be scaffolded for ease of delivery and specific function. This can be achieved using block-based coding platforms that do not require participants to type code and get bogged down by the details of syntax but still offer an understanding of programming concepts (Weintrop, 2019). This requires additional planning time on the part of the teacher and targeted professional development, but research has shown advantages in increased depth of learning, as seen in Yadav et al. (2014), as well as engagement and persistence.  
Students participating in integrated lessons benefit from having a clear goal for the use of computing concepts. The context creates engagement and persistence. In computing courses, this ideology has been used to make teaching CS more palatable. Mark Guzdial (2003) used Media Computation as a context for framing CS instruction, couching the computing education in various manipulations of digital media. Students used arrays to change color pictures to negative or grayscale. They also adjusted the amplitude and wavelength of sound files to explore the impact these changes would have on the audio. For students with interests in media creation or manipulation, this created a bridge to an existing passion. For students that had explored some of these concepts in a previous course, they were able to build on prior knowledge which makes for more impactful learning. A notable outcome from the Media Computation study is that more girls found value in and persisted through the media computation course than in the CS1 course it evolved from. The programming concepts were the same. According to the post surveys, the context was more appealing.
Another example of using a cultivated paradigm to introduce computing concepts in context is the use of the Earsketch platform in computing music and music technology instruction (McCoid et al., 2013). Earsketch is an integrated platform that utilizes computing concepts to create musical compositions. The platform has been used to teach CS and to introduce students to the field of computer music. For music students that are exploring how computing skills can enhance their field of interest, Earsketch has made learning CS concepts more palpable. Additionally, similar to media computation, Earsketch has produced more engagement and persistence in computing education in students traditionally underrepresented in computing such as girls and ethnic minorities (Wanzer, 2020). If the goal is to increase engagement, participation, and persistence in computing education, introducing the concepts in these two contexts has demonstrated some success. Computing integration, however, is not just about learning computing skills, it is about learning those skills to enhance learning in the connected context as well. 
Computational thinking is the framework of mental activities for solving problems with computing technologies as solutions. This framework is beneficial for the science teacher as they conjure solutions to improve their practice and pedagogy as well as the Language Arts teacher. Weintrop et al (2016) have asserted that math and science are increasingly becoming computing endeavors that rely heavily on CT, a fact evidenced by the frequent use of CT in the Next Generation Science standards (2011). The practice of utilizing CT in the development of instructional practices and activities is the essence of integrated computing. Each instructional context is unique, and each teacher can rely upon the components of CT to reexamine their pedagogical strategies and then explore tools to help them evolve those strategies, rather than search for canned solutions.
Contrasting the difference between technology integration (using technological tools to learn) and integrated computing is akin to the difference between reading a book to learn and exploring the phenomena in question firsthand and developing the literacies and understandings necessary to write the book yourself. The process of organizing your understanding into a cohesive and comprehensive structure arrests more of your cognitive ability and compels a greater understanding than reading and answering a multiple-choice quiz. 
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This project explores professional development for computer science via an online platform. In computer science as in other domains, teachers are compelled to incorporate fresh pedagogical approaches and content into their practice as the field evolves. Researchers focused on teacher professional development investigate strategies related to best practices to support this evolving praxis. There has been a great deal of research related to teacher professional development, some of which is highly instructional and some of which leaves the field with more questions than answers. Research that focuses on formal teacher professional development (TPD) is often bereft of the multitude of influences that teachers are exposed to that impact the development of teachers’ pedagogy and educational philosophy. Examples include professional development communities, relationships with mentor teachers, action research, developing course standards, and water cooler conversations with peers (Borko, 2004). Interventions that only attend to the content knowledge developed via a professional development experience miss other critical aspects of teacher development, such as their changes in perspectives, epistemological beliefs, and philosophies, which also impact the effectiveness of the professional development experience. There is, however, current research that proposes a common set of critical features that are present in all examples of TPD (Desimone, 2009). These features are: 
· Content focus - a measurement of specific content concepts and skills, and strategies of how to share that knowledge
· Active Learning – a practice where teachers are engaged in performing tasks rather than simply listening and observing, commonly known as “sit and get”
· Coherence - professional development that is connected to or evolves a teacher’s knowledge and/or beliefs
· Duration - a measure of the sheer amount of time spent involved in an experience, in contact hours, frequency of engagement, and time between engagements
· Collective Participation - attention to the social nature of learning including learning communities, cohorts, or any experience where teachers are not learning in isolation
 A framework of evaluation that attends to these characteristics will fill in the gaps missing in more siloed studies, providing a broader, more comprehensive picture of TPD. Such a framework is also capable of informing more nuanced TPD such as online TPD and TPD specific to a content area such as computer science. 
Teacher PD within an online content medium (oTPD) has a sizable body of knowledge as well, one that has been bolstered by the recent pandemic and the resulting wide inclination to engage all teaching and learning in a virtual space (Lay et al., 2020). Prior to the pandemic, research results pointed to the conclusion that oTPD and online instruction in general are at least as effective as the face-to-face correlations (Dede et al., 2009). In fact, in recent years, research has moved away from comparing oTPD to face-to-face PD and instead explores the various impacts of oTPD on teaching practice and development (Lay et al., 2020). Online teaching has inherent benefits, such as not being geographically restrictive and allowing for large numbers of student participants, and inherent challenges, such as a lack of social interaction and the requirement of computing literacy to engage. Some of these challenges will create negative perspectives to the instructional paradigm by both students and teachers (Gulatee et al., 2011). A study by Zhenhua Ji (2016) concluded that Massively Open Online Courses, by design, provide geological and time flexibility for both teachers and students as well as offering a multitude of learning objects aimed at various learning proclivities that can be accessed by students at whim, but also noted the loss of student focus due to less human-to-human interaction. To address some of the feelings of disconnectedness, some researchers have found that adopting some successful face-to-face practices, such as the Immediate-Feedback Assessment Technique and Process Oriented Guided Inquiry Learning to online learning can promote increased participation and engagement in these scenarios (Myers et al., 2014). Additionally, research teachers have expressed value on the development of communities of practice as an essential component of oTPD (Cady & Rearden 2009). While research related to traditional TPD and insights gained therein are valuable in the development and evaluation of oTPD, it is essential to include findings and best practices from oTPD research as well since it is a unique context (Moon et al., 2014). Research suggests that modality does play a role in TPD, and, thus, oTPD deserves specific research apart from traditional TPD (Dede et al., 2009).
In comparison to broad TPD and oTPD, there is a relatively small but rapidly expanding body of research focused on computer science teacher professional development as that is still a relatively new K-12 discipline. According to the 2018 National Survey of Science and Mathematics Education Report (Banilower et al., 2018), high school computer science teachers report being less prepared (64%) than math (82%) and science (88%) teachers to present their content. This may be impacted by the fact the math and science teachers report the emphasis of their professional development being on math and science instruction and strategies for differentiation whereas CS teachers usually receive PD on content knowledge, such as programming skills. These differences may be attributed to the relative newness of CS instruction in K-12 compared to math and science, and may point to a needed evolution of CS PD, owing to the model of math and science PD history. Due to the comparatively small number of computer science teachers, there is a great deal of emphasis on including teacher learning communities in a comprehensive strategy for CS TPD (Cutts et al., 2017; Banilower et al., 2018). There is also a call for a multilevel model for CS TPD that engages content knowledge, pedagogical knowledge, and self-efficacy while honoring the various backgrounds CS teachers may come from (Gal-Ezer & Stephenson, 2010).    
As with any set of interventions dealing with people, the human element in teacher professional development, online or not, creates a wide range of variable influences for which one or two of these influences are insufficient to account for. There are many factors that influence teacher professional development and contemporary research attempts to account for as many of these factors as possible, exploring to what degree each factor influences teachers’ instructional pedagogy and student outcomes (Avalos, 2011). The pressing need to develop a teaching core in computer science due to societal factors and legislation means there is also the need to overlap professional development experiences and supports for teachers in this discipline (Faulkner et al., 2018). Research has shown that multi-modal and ongoing support for teachers is more effective for developing teachers than a single intervention (Faulkner et al., 2018). 
The goals of teacher PD and the related research are to evolve teachers’ pedagogical practice and content knowledge in order to improve student outcomes (Yadav, 2017; Enderle et al., 2014). Desimones (2009) would posit that a theory of change for any teacher professional development would follow a clear and common set of steps:
1. Teachers experience effective professional development.
2. The professional development increases teachers’ knowledge and skills and/or changes their attitudes and beliefs.
3. Teachers use their new knowledge and skills, attitudes, and beliefs to improve the content of their instruction or their approach to pedagogy, or both. 
4. The instructional changes foster increased student learning. 

This is as true in computer science teacher education as any other discipline but may have additional challenges due to the gap between the potential and the expert CS teacher (Yadav, 2017). Many potential CS teachers are former CS professionals with little to no teaching background or pedagogy. Other potential CS teachers are teachers from other content areas with strong pedagogy but little to no CS Content knowledge. Many potential CS teachers may fall somewhere in between these two extremes but the difference in teacher starting points does not change the end-goal of a competent, confident, and effective CS teacher. 
The intent to develop CS teachers must also include the development of the teachers’ self-efficacy related to computing instruction. Here, I am using efficacy as described by Bandura (1986) as “…people’s judgements of operative capabilities to organize and execute courses of action required to attain designated types of performances”. Due to the difficulty in recruiting and training pre-service CS teachers (Computer Science Teachers Association, 2013) most teachers being trained for CS education are in-service teachers. These in-service teachers come from other disciplines and many lack content knowledge, pedagogy, and confidence in their ability to present effective CS instruction. This variety of starting points for CS teachers makes the goal of preparing them a challenge, but also necessary because there are still a small number of CS teachers being produced in the far more common pre-service paradigm typified by traditional disciplines (Mouza et al., 2021). While many CS teachers are open to the experiences they are offered for development, others have a high level of self-efficacy in some other area of instruction. This pedagogical confidence may make evolving their practice within CS difficult as it will take time to realize that pedagogy in one content does not necessarily transfer to another (Enderle et al., 2014; Granger et al., 2012). A scaffolded approach may be useful in developing confidence within the CS context while also building on the efficacy developed via another context (Annetta et al., 2013). Additionally, different types of interventions address different aspects of teaching.  Workshops and self-paced courses address different aspects of teacher pedagogy and identity than curriculum development and outcome data analysis. (Avalos, 2011). Formal PD tends to focus on content development while informal experiences like professional development communities support the implementation of content pedagogy in context (Faulkner et al., 2018).  
The rapid development of the K-12 CS discipline means the traditional, disjointed approach and pace of professional development strategies is insufficient and some researchers have called for a systems approach to CS teacher professional development (Falkner et al., 2018; Sutherland et al., 2016). A systems approach would take advantage of multiple modalities for teacher development, be flexible enough for a teacher to cultivate their own journey to proficiency and address the wide variety of factors that impact teacher professional development. A broad system of professional development may include online, asynchronous primers, professional development communities, and face-to-face workshops that all build on the other experiences and allow teachers to reap the benefits inherent in each type of professional development. 
When exploring the impact and effectiveness of teacher professional development, there are many points along the earlier mentioned set of common steps that a study may evaluate. Any one research study will not attend to all of the steps, but it is important to be aware of the raw inputs and refined goals.  The strategy of this project is the assessment of content acquisition of CS and CT concepts and skills and the change in perceptions and confidence of the teachers regarding integrated computing. In studies like this, researchers utilize pre and post surveys to explore the impact of an intervention on populations of teachers including a wide range of questions related to the experience in question, implementation and design, teachers’ overall perception of the field, teacher efficacy, and teacher preferences related to learning modalities (Lay et al., 2020; Collins & Liang, 2015). These studies may also look at teacher attrition as a measurement of the teachers’ affinity for the program with persistence related to higher engagement and effective design. An additional aspect of this project is the evaluation of teacher content knowledge prior to and following an intervention. Frameworks for measuring content knowledge have been used in a wide range of disciplines to evaluate teachers’ ability to integrate technology and in some cases computational thinking into teachers’ practice (Kale et al., 2018; Doerig et al., 2014). These studies evaluate the development of teachers’ skills and understanding as impacted by the intervention while occasionally reflecting on their efficacy as well. 
A framework for evaluating teacher professional development, particularly in a virtual modality, may not incorporate all the measurement perspectives. Such a framework, as is being developed in this project, may not include measures for each of the components of the systems approach of development that a particular intervention is nested within. It is important for research to be aware of the system as exploring the wider system is a natural evolution of intervention evaluation, particularly in a space where an ecosystem approach (Faulkner et al., 2018) and a wide number of variable factors (Southerland et al., 2016) are necessary to understand and make lasting impact. In addition to the courses developed for this project, CS and integrated computing teachers are encouraged to participate in professional learning communities, synchronous workshops, and other mediums of professional development. 
The literature review for this work incorporates a wide range of broad research as well as more niche studies. This sets the context for this work in larger fields while attending to a very specific set of research questions within that larger context. This work is informed by broad TPD research, targeted oTPD research, and Computer Science TPD.

[bookmark: _Toc141192823]Theoretical Framework
There are several theoretical frameworks that have been explored in the development of this project, frameworks tied to technology integration, CT, and teacher professional development. Existing frameworks for evaluating technology integration are insufficient for this approach as they do not measure the users’ understanding of the underlying and transferable CT skills and computing concepts endemic to the technology they are employing. There are several existing frameworks for evaluating technology integration. Two prominent models are the TPACK model, which was developed by Mishra and Koehler (2006) as an evolution from the well-established PCK framework, and the SAMR model, first codified by Puentedura (2006). Each provides a pathway toward more effective technology integration, but both fall short of the distinct CT skills developed during computing integration. Computing integration exists between CS and technology integration, contextualizing computing skills within a specific context. 
Pedagogical Content Knowledge is a staple of education and the PCK construct (Shulman, 1986) was developed to assess that knowledge at various stages of teacher development. As teachers began to incorporate more technology into their pedagogical approach, the original framework was inefficient at capturing this new integral component of instructional practice. The TPACK framework extends this model by first adding Technological Knowledge, defined by Schmidt et al (2009) as an awareness of various technologies used for teaching ranging from smartboards to the Internet. This knowledge eventually leads to Technological Pedagogical Content Knowledge, an understanding of how technologies can be used to teach within a given content area. While the TPACK framework does move teachers along a progression of necessary evolution related to technology use, it leaves them dependent on external developers who lack the experience of each teacher's specific context, to develop models and resources for their classroom. It is far more empowering for teachers and students to develop their own interactive models as they explore a topic.
The SAMR model is similar to TPACK in that the goal is effective technology integration. SAMR differs from TPACK by attending to various depths of sophistication with which teachers interact with and utilize technology rather than the interaction of technological knowledge with pedagogical content knowledge. SAMR has four evaluative components of technology integration: Substitution, Augmentation, Modification, and Redefinition (Hamilton et al., 2016). Each component of SAMR attends to a different depth at which the technology is used within the instructional practice although these components are not hierarchical and, in practice, may be used interchangeably depending on the activity (Savignano, 2017; Hilton, 2016). 
Substitution refers to situations when a piece of technology is used to do the exact same activity students would have accomplished without the technology, perhaps in a more efficient manner. An example of substitution would be the use of digital presentation software such as PowerPoint to share the results of a social studies project rather than developing a poster board or some other analog medium (Hilton, 2016). A teacher might also use a PowerPoint presentation to deliver instruction rather than writing notes on a chalk or dry erase board. The information added to the presentation is identical in either medium. The technology simply shifts the platform.  
Augmentation refers to a situation wherein the technology adds something to the activity that could not have been done without it. An example of augmentation is the analysis of artwork from various galleries across the world via online art galleries (Hilton, 2016). Students would not be able to access the variety of art pieces without the use of the Internet and computing systems. They would be able to perform the same activity with local art galleries or even pictures available in textbooks, but the technology enables more up to date exploration with greater variety. 
The Modification component would see the activity significantly redesigned to take advantage of the technology in question. An example here is when a teacher uses Google classroom or some other Learning Management System (LMS) to generate classroom discussions and compels students to ask questions and post responses (Wahyuni et al., 2019). This activity creates a feedback loop that adds a layer of scaffolding to how students interact with each other and the teacher in the instructional paradigm. Feedback existed in the classroom before this modification, but the technology creates an artifact as well as the space to consider your feedback and construct it in a formalized fashion. 
The final component, Redefinition, incorporates new tasks that would have been impossible to develop without the use of technology. Students observed in a study by Hilton (2016) used iMovie, a digital software for creating videos, to incorporate visuals, audio, and motion into a synthesis activity for a social studies project. The project was centered around technology rather than simply culminating with it and engaged the students in a variety of media components simultaneously. This sort of activity changes how students engage with technology, developing an artifact that would be impossible to create without the software application.
While activities that exist within the SAMR model take advantage of the power of computing technologies to fundamentally change the instructional paradigm, they are still not allowing teachers and students to become the engineers of that shift. Computing integration helps teachers and students understand their relationship with the technologies they are using and the underlying ‘why’, building an ability to identify which types of problems would benefit from a technological solution and which would not. Computing integration also opens the door for participants to become the architects of their own solutions, which is fundamentally different than applying an existing solution created by someone else. 
The framework for this research was built using measurement elements from several existing studies, but none were able to be adapted directly due to a variety of factors. Many rubrics were developed for use with a particular tool or platform such as Scratch (Grover, 2017) while others assessed CT via a multiple-choice-based assessment (Roman-Gonzalez, 2017). Due to the open nature of the artifacts produced by the teachers in this project, the assessing instrument had to be more generic, and reflective of the practitioners' knowledge within a complementary discipline. To make the rubric more objective, developmental levels were established to show a progression of learner understanding along several lines of skill and fluency development, similar to the model developed by Metcalf et al. (2021). 
The Metcalf study looked at 3rd grade students, ages 8-9, who worked in pairs to complete a structured programming assignment in a highly scaffolded programming environment. Students were able to explore a scenario via a 3D model and then were required to develop a procedure that accomplished a series of tasks in a 2D, block-based coding workspace. Metcalf et al. initially developed a rubric to evaluate how well the student participants created an artifact that met the objectives of the assignment. The functionality rubric questions are listed below: 
Functionality rubric
1) Moving to a tree
2) Biting tree until it became a log
3) Picking up a log
4) Bringing a log to dam and putting it down
5) Finishing the dam (repeating the above sequence until the dam is finished)
6) Building a lodge (executing the “build lodge” block once the dam is finished)
7) Avoiding the predator (using the “near predator” conditional appropriately) 

Metcalf et al. later realized the functionality rubric did not accurately capture the students’ CT understanding and consequently created an additional rubric to measure the CT fluency. The items they used on their fluency rubric are listed below:
Conceptual Fluency rubric
1) Sequence: putting steps in order
2) Loops (beginning) recognizing the need to repeat instructions, evidenced one of three ways:
a) Using the same block multiple times to repeat an action.
b) Using one block at a time in the workspace, to take advantage of built-in Looping.
c) Putting the whole sequence inside a “repeat until dam finished” block.
3) Loops & Conditionals (basic: completing one subtask (e.g. move toward tree) using conditional blocks.
4) Loops & Conditionals (developing): attempt to use multiple or nested conditional blocks.
5) Loops & Conditionals (proficient): program almost successful, one error.
6) Loops & Conditionals (advanced): Successful: fully working program.
7) Advanced, with additional use of “predator nearby” conditional.

The functionality and fluency outcomes associated with Metcalf et al. align well with the multiple dimension evaluation in the proposed project. However, the dimensions are different, and the target demographic is different. Each methodology provided data via a different lens. The CT concepts evaluated in Metcalf et al. (loops, sequences, conditionals) are concepts I am evaluating as CS skills. I want to differentiate between the concepts associated with object-oriented programming and those commonly attributed to CT.  The framework in Metcalf et al. informed the format of the rubric for this project while the elements were influenced by the other mentioned projects as well as the identified definitions and descriptions of CT.
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The professional development coursework used in this project was originally designed at Georgia State University as part of a pre-service teacher project to integrate CT into the methods course of pre-service teachers. The courses are couched in larger professional learning frameworks for computer science or other content areas in pre-service education. As mentioned earlier, teachers were also encouraged to participate in professional learning communities and face-to-face workshops that built on the experiences introduced in these courses. 
The design process for the courses included a review of CT education literature as well as consideration for concepts that would integrate well with the types of activities explored by teachers of core disciplines like science and math (Margulieux & Yadav, 2021). The resulting list of topics is listed below: 
1. Abstraction
2. Decomposition
3. Algorithm creation
4. Automation
5. Debugging
In addition to these CT concepts, several object-oriented programming (OOP) concepts were also introduced as vehicles for learning the CT concepts and as tools to be used within integrated projects. The OOP structures included iterative and conditional processing, functions, and events. The ability to employ these OOP structures is what we refer to throughout the project as Computer Science (CS) skills. 
For this project, the coursework was adapted into a series of short, self-paced, online courses that included lessons on each concept, formative assessments, examples, and external references. The self-paced, online courses were hosted on a public-facing Canvas platform by the Georgia Department of Education and may satisfy a credential created by the International Society of Technology Integration (ISTE) for Integrating Computational Thinking. This distribution model made the courses available to pre-service teachers and in-service teachers alike. Other potential participants include media support specialists, content area teachers that wish to incorporate CT into their content area, STEM teachers, and administrators that want to get an idea of what integrated computing looks like. 
The series was designed to be self-paced and online to meet the varying availability needs of teachers. In this format, teachers can engage in instruction at a time most amenable to their schedule. The virtual nature of the courses also makes the instructional experience available to teachers from across and outside the state. Many professional development experiences are inaccessible for teachers in rural and low-socioeconomic communities due to the financial and time cost of travel and lodging, as well as the cost of attendance and registration. While the format does not overcome all the barriers to participating in professional development, this format mitigates the specific barriers of time and distance. 
While this method of delivery has several inherent benefits, it also has limitations. The wide accessibility also means that the instructor/designer cannot provide individual support to participants at scale. The flexibility of time and distance also means that teachers are engaging in the course independently, without social or intellectual support from their peers. While many of these limitations could be addressed by coordinating a local cohort of teachers to engage in the courses simultaneously, that organization would be the responsibility of the teachers, their school system, or another local organizing body.
The self-paced courses were designed to introduce the participants to CT, share examples of where CT is already being used across the curriculum, and help teachers develop lessons that incorporate CT. They are designed for a teacher who would be using CT to teach CT in the context of other disciplines. This project explores how online, self-paced courses in this context impact teachers’ understanding of CT concepts, teachers’ perceptions of CT and computing integration, and teachers’ ability to integrate CT into their instructional practice.
To discern whether the self-paced online courses on CT are an effective tool for introducing CT concepts and helping teachers integrate CT across content areas, we conducted multiple analyses of the products of the courses and the differences in teachers’ perspectives of CT before and after participating in the courses. We examined artifacts developed during the course and analyzed pre- and post-surveys submitted by course takers. The artifacts were examined quantitatively using a rubric for both conceptual understanding and application of integrated computing practices. They were further examined qualitatively for the authentic integration of CT into the core academic content area. The surveys included both quantitative and qualitative questions to provide insight into differences in perspective on computing and integration of computing as a result of the course experience. The research questions for this project are: 
RQ1: How well does a self-paced online course prepare teachers to apply computing concepts to an integrated activity? 

RQ2: How well does the activity reflect learning goals for the primary discipline?

RQ3: How does a self-paced online course impact teachers’ perspectives on computing?
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Participants in the course were in-service and pre-service teachers. The pre-service teachers were from a variety of discipline specific programs. The in-service teachers were primarily elementary school teachers, teachers from disciplines other than CS, or new or aspiring CS teachers. As the project progressed, however, more in-service educators from different backgrounds such as media specialists and elementary school teachers, engaged in the courses. 
A total of 15 teachers submitted 17 artifacts. 11 teachers were in-service teachers and 4 were pre-service teachers. Artifacts from two in-service teachers were removed because they were illegible, or the artifact was submitted as a picture that was of such a low quality that it was too difficult to see. Two in-service teachers submitted two artifacts for evaluation, bringing the number of reviewed artifacts to 15. 348 participants took the pre-survey and 215 took the post-survey.
[bookmark: _Toc141192826]Context
The teacher preparation program in the College of Education and Human Development at Georgia State University is the primary source of pre-service teachers participating in this project. Students in the teacher preparation program were given the opportunity to utilize the self-paced courses to satisfy an elective credit and cultivate skills for integrating CT into their developing praxis. All pre-service teachers were either in early childhood development and intent on teaching in elementary school or in a core content area such as math, science, social studies, English language arts, or fine arts. Georgia State University does not have a pre-service program for discrete CS teachers, although there is a program to add a CS endorsement to an existing teaching credential. 
These courses are freely available to in-service educators from Georgia and beyond. Many of the in-service teacher artifacts are from other states, most prominently New York due to a pre-existing project between The City University of New York and ISTE. 
[bookmark: _Toc141192827]Data Collection Instruments
Through engaging with the self-paced online courses, learners create artifacts that incorporate the targeted components of CT and the CS concepts presented during the course. The CS concepts are not explicitly required in the final artifact assignment created by participants but are introduced as likely tools in their development. The artifacts are activities that encourage participants to utilize concepts of CT alongside concepts from the primary content area. Learners are free to choose their own context within which to create these artifacts, including any discipline (e.g., science, art, humanities, math) and any grade. 
To evaluate these artifacts, I developed a rubric to examine CT concepts and CS skills applied within the artifacts. The rubric quantifies the extent to which each identified concept or skill is utilized. Most evaluative frameworks for CT integration attend to school-age student outcomes of CT instruction. This project differs by engaging adult learners, particularly teachers, in CT instruction. 
In-service teachers that intended on using the courses for a credential submitted their artifacts to ISTE. Pre-service teachers submitted artifacts directly to Georgia State University professors. These artifacts were obtained from both organizations and anonymized. In addition to the artifacts obtained, learners also completed a pre-and post-survey with questions regarding their experience and the value that they placed on computing, especially as a tool for teaching in their primary discipline. These data were also collected and analyzed in aggregate.  
With the collected artifacts and surveys, three analyses were conducted. The first analysis addressed the first research question “How well does a self-paced online course prepare teachers to apply computing concepts to an integrated activity?”.  The artifacts were scored with the CT/CS concepts rubric to determine the application of concepts in activities. The CT concepts were an explicit requirement of the activity while the CS concepts would be applied based on need related to the participants’ chosen context and activity. The rubric details which CT and CS concepts were used and the breadth and depth of their use. Specifically, I examined how well participants incorporated the CT concepts and which CS concepts were utilized. 
[bookmark: _Toc141192828]CT/CS Analysis
The rubric identifies four levels of evaluation for the CT concepts of decomposition, abstraction, automation, and algorithm creation. The rubric then measured which CS concepts were incorporated and with what level of fidelity, specifically looking at loops, conditionals, functions, and events. A rubric that evaluates both CT and CS structures related to integrated computing projects is a novel tool but one that would have value across K-12 as computing integration becomes more common. This analysis provides a baseline for wider use of the rubric with larger sample sizes or with other populations. The rubric elements are available in the figure below:  
[bookmark: _Toc141193258]Figure 5. CT/CS Rubric
	Course Rubric: Computational Thinking
	
	
	
	
	

	Evaluation Area
	0
	1
	2
	3
	Score

	Base Assessment: CT Skills
	
	
	
	
	

	Decomposition
	no decomposition: There is no evidence of the use of decomposition to solve the problem set.
	The activity shows some decomposition but only in an incidental way and not used as a tool to address the problem.
	The activity reflected an intentional decomposition of the problem but the use of this strategy for solving the problem was not clear.
	The activity reflected an intentional decomposition of the problem, and this decomposition was used as an essential strategy for solving the problem.
	

	Abstraction
	There is no evidence of an abstraction of information.
	Abstraction without direction. An abstraction or model was created to solve the problem but was not used in the solution or contained information not relevant to the solution.
	Abstraction was used to isolate important information relevant to the problem or to model circumstances related to the problem. The abstraction was not related back to the original problem format.
	Abstraction was used to isolate important information relevant to the problem or to model circumstances related to the problem. The model was then related back to the original problem format.
	

	Automation
	There was no use of computer automation despite occasion to apply automated strategies in the creation of the artifact.
	Automation was used to reduce redundancy during the project. There were additional opportunities for the use of automation that were not taken advantage of, or the automation was not executed with fidelity and thus became a hindrance rather than a support to problem solving.
	Automation was used to reduce redundancy during the project whenever the strategy was warranted. The automation was not executed with fidelity and thus became a hindrance rather than a support to problem solving.
	Automation was used to reduce redundancy during the project whenever the strategy was warranted. The automation was executed with fidelity and ultimately benefited the problem-solving process.
	

	Algorithm
	There were no clearly defined steps created or followed to solve the problem. The project was created in a haphazard manner.
	An algorithm was identified or created but was not instrumental in solving the problem or developing the artifact. The algorithm may address something external to the problem set.
	An algorithm was identified or created and was instrumental in solving the problem or developing the artifact. The algorithm may not have been followed with fidelity and thus became a barrier to problem solving rather than a support.
	An algorithm was identified or created and was instrumental in solving the problem or developing the artifact. The algorithm was followed with fidelity and thus was a productive support to problem solving.
	

	CT Skills Sub score
	
	

	Extended Assessment: CS Concepts
	
	
	
	
	

	Conditionals
	There was no opportunity to employ a conditional in the artifact lesson and the use of a conditional was not required.
	There was the possibility to include a conditional, but this was not explicitly mentioned or required.
	A conditional was included in the lesson parameters but was not necessary to solve the problem or was not clearly detailed as part of the solution set.
	A conditional was required in the lesson parameters and essential to the solution set.
	

	Loops
	There was no opportunity to employ a loop in the artifact lesson and the use of a loop was not required.
	There was the possibility to include a loop, but this was not explicitly mentioned or required.
	A loop was included in the lesson parameters but was not necessary to solve the problem or was not clearly detailed as part of the solution set.
	A loop was required in the lesson parameters and essential to the solution set.
	

	Functions
	There was no opportunity to employ a function or method in the artifact lesson and the use of a function/method was not required.
	There was the possibility to include a function or method, but this was not explicitly mentioned or required.
	A function or method was included in the lesson parameters but was not necessary to solve the problem or was not clearly detailed as part of the solution set.
	A function or method was required in the lesson parameters and essential to the solution set.
	

	Events
	There was no opportunity to call an event in the artifact lesson and the use of an event was not required.
	An event call was a possibility, but this was not explicitly mentioned or required.
	An event call was included in the lesson parameters but was not necessary to solve the problem or was not clearly detailed as part of the solution set.
	An event call was required in the lesson parameters and essential to the solution set.
	

	CS Integration Sub score
	
	

	Total Score
	
	
	
	
	







[bookmark: _Toc141192829]Integration Analysis
The second analysis explored the learning goals related to the core content area within the integrated activity, RQ2. Since the context was varied, the related content area standards will be utilized to evaluate this alignment. For artifacts that did not list the standards they intended to focus on, I used machine-readable versions of the Georgia content area standards (Georgia Department of Education 2023) to search on topics and terminology utilized in the artifact lessons and correlate those with the content standards. One to two standards attended to once or twice would indicate a modest level of core content integration (4 points) and content focus in the activity. Three to four standards addressed once or twice would be intermediate and four to five standards addressed multiple times would indicate a more thorough attention to the core content area. An example of this evaluation can be seen in the figure below. 
[bookmark: _Toc141193270]Table 8. Evaluation of Core Content in Integrated Activities
	Scale
	

	0-4 points
	modest core content inclusion

	5-7 points
	intermediate core content inclusion

	8+ points
	strong core content inclusion






[bookmark: _Toc141193271]Table 9. Example of Core Standard Analysis
	Standard
	Frequency
	

	ELA 1.1
	1
	

	ELA 2.1
	3
	

	ELA 2.2
	1
	

	
	
	

	Total
	5
	Intermediate



[bookmark: _Toc141192830]Teacher Perception Analysis
The third analysis examined the impact that the courses had on the teachers’ perspectives of CT and integrated computing as a tool for interdisciplinary learning. The pre-survey was administered prior to participation in the course. The post-survey was completed at the conclusion of the course. Survey questions reflect those created by Yadav et al (2014). There are thirteen items on the pre-survey and eleven on the post-survey, with seven of the questions on the post survey coming from the pre-survey. Questions on the pre- and post-survey explore participants’ knowledge of CT, comfort with computing technology, and perceived ability to integrate computing into their core content area. A particular focus of the survey is to differentiate CT and computing in the classroom, i.e., creating technological solutions, from other instructional technology applications, i.e., using technology. The survey questions are listed in the appendix. 

The results from the survey were analyzed in aggregate to explore the impact of the course on teacher perception. The numbering was slightly different for the common questions on the pre and post surveys, but questions 4, 5, and 8 on the pre-survey were analyzed with an independent t-test, exploring the impact the intervention had on perspectives regarding integrated computing and on a teachers’ ability to integrate CT and CS concepts. These questions were analyzed in aggregate to related questions on the post survey to explore changes in perception and efficacy that could be attributed to the intervention.
Questions 3, 6, and 7 on the pre-survey were qualitative in nature and were analyzed to explore common themes that may provide further insight into teachers’ perceptions and how they evolved over the course of the intervention. Fifty randomly selected respondents from each of these questions were selected to create a sample of the responses. Additional responses would have been randomly selected if saturation of codes had not been reached within the first 50 selected. To code the responses, bottom-up content analysis was used (Krippendorff, 2013). The randomly selected responses for each of the three qualitative questions were surveyed three times to identify common themes in the data. Each pass enabled me to group the responses into more common thematic categories. Once the final set of themes were identified, the responses were analyzed for the frequency of those themes and correlated to related research questions if relevant. The final themes and analysis are presented in the results section below. 
[bookmark: _Toc141192831]Results and Discussion
The results of the analysis are presented in the order of the research question addressed. The first research question was “How well does a self-paced online course prepare teachers to apply computing concepts to an integrated activity?”. To explore this question, I scored each submitted artifact with the CT/CS rubric, averaged the resulting scores and then employed descriptive statistics to analyze the results. Descriptive statistics were chosen due to the small sample size of teachers that completed and submitted the artifacts for evaluation. This sample size provides us with some insights into the experience and intervention, but does not allow for a generalization about potential teachers of CT and CS.  
The four CT concepts evaluated were decomposition, abstraction, automation, and the creation or use of algorithms. The CT concepts were scored on a scale of 0-3 with 0 reflecting that no evidence of the concept was employed and 3 indicating a strong use of that concept. 
Using measures of central tendency, the highest average score (mean) is for the use of algorithms. With an average score of 2.27, this is the most commonly applied CT skill. The median and mode for this skill were both 3 so this mean is reflective of the majority with little skew. The next two most commonly applied concepts were decomposition and abstraction (Mean = 2 for each). The median for each was also 2 and the mode for each was 3 so the distribution was only slightly skewed and still provides a strong representation of the population on these two skills. The mean for automation was 0.6, the lowest mean among the four CT skills. The median and mode were both ‘0’ so this mean is also a strong representation of the population. It is worthwhile to note that many teachers included the use of pattern recognition in their projects, although this CT concept was not included on the rubric. It is also interesting to note that the three teachers that used automation did so by employing loops and functions and scored higher than most other teachers on the use of CS skills. While automation of tasks is a CT concept, it may be most readily employed using CS skills. 



[bookmark: _Toc141193272]Table 10. Descriptive Analysis of CT in Integrated Artifacts
	
	Decomposition
	Abstraction
	Automation
	Algorithm

	Mean
	2
	2
	0.6
	2.27

	Median
	2
	2
	0
	3

	Mode
	3
	3
	0
	3

	
	
	
	
	

	Score
	Distribution

	3
	6
	7
	3
	10

	2
	3
	2
	0
	1

	1
	6
	5
	0
	2

	0
	0
	1
	12
	2



The computer science skills evaluated were conditionals, loops, functions, and events. The artifacts reflected significantly more use of CT than CS skills. The highest mean score among CS skills was a 1 for the use of a loop. The median and mode for this were both 0 so the average was skewed due to a few large scores. The mean for conditionals and functions was .4 for each and the mean for events was .67. The median and mode for all three was 0, again reflecting the data was skewed by a few large scores. CS skills were not explicitly required in the instructions to create a lesson which impacted the implementation.
[bookmark: _Toc141193273]Table 11. Descriptive Analysis of CS in Integrated Artifacts
	
	Conditionals
	Loops
	Functions
	Events

	Mean
	0.6
	1.067
	0.467
	0.867

	Median
	0
	0
	0
	0

	Mode
	0
	0
	0
	0

	
	
	
	
	

	Score
	Distribution

	3
	3
	5
	2
	3

	2
	0
	0
	0
	1

	1
	0
	1
	1
	2

	0
	12
	9
	12
	9



 The self-paced online courses were designed to support teachers in the incorporation of computing knowledge and practices into their existing pedagogy. These computing concepts were presented in two related sets, CT concepts and CS skills. The courses provided a cursory introduction to both sets and participants were also shown examples of how an integrated computing approach might be employed in several different contexts. The results above reflect a positive impact on teachers’ ability to understand CT concepts and to build lessons that incorporated these. Some of the CT concepts were incorporated to a higher degree than others, perhaps intimating the need for a redesign of the course or reflective of the challenges in asynchronous presentation of new information. The medium does not afford the option of reframing a topic if a particular example does not properly engage a participant, something a teacher providing instruction in a synchronous fashion can do. 
The CS skills, conversely, were not used heavily in the reviewed artifacts. Few of the teachers incorporated any of the CS skills, and of the ones that did, some only did so in an abstract way, avoiding explicit programming activities. One reason for this may have been the artifact proposition did not require teachers to explicitly use programming. It is possible that they may have attempted to use more CS skills if the assignment compelled them to. Another conjecture is that the incorporation of CS skills requires more time, more real-time support, or more preparation than CT concepts. The teachers that did utilize CS skills may have had a prior experience that primed them for including CS in their final artifact. Since the participant surveys were not directly correlated with teacher artifacts, this is impossible to know, but may point to a future evolution of this research. Automation, while included as a CT concept, is closely connected to CS skills, and was also not utilized much by the teachers. These observations strengthen the idea that CS skills may present as more daunting for non-CS teachers than CT concepts. An introduction to CT may be an advisable first step or even divergent path of implementation to introducing computing literacies to teachers and students.  
The second research question was “How well does the activity reflect learning goals for the primary discipline?”. Many artifacts included the name of the core content area(s) at the top of the submitted lesson artifact. Many also included the core content standards the lesson was intended to cover. For each artifact, I coded standards as 1, 2, 3, 4, etc. and then identified where each standard was used. The standards identified by participants were from a range of different states, most frequently Georgia and New York. 
For the two lessons that did not explicitly identify standards, I used SuiteCASE, a repository of machine-readable standards for the state of Georgia, to extract related standards to evaluate. For these artifacts, I read through them and identified terms and phrases that were indicative of a particular content area, “geometric shapes” for example. I then did a search in SuiteCASE for these terms and related phrasings. I read through the resulting standards and identified which were most representative of the lesson in question. I then coded those standards as I did the others and read through the lesson again, identifying how often these standards occurred. 
This analysis was conducted by identifying the activities that involved students and assessing which standards are being engaged. When exploring lesson plans, I did not include the front matter (Learning objectives, essential questions, required resources and materials, etc.) or end matter (modifications, assessment descriptions, vocabulary, etc.) but rather focused on the parts of the lesson plan that denoted student learning and engagement. Occasionally, this included assessments that were explicitly described as part of the learning process and not a sheer description of assessment materials and strategies.
The number of times standards were mentioned in the reviewed lessons ranged from 0 to 27 times. The mean number of mentions was 9.47 times, and the median was 7 mentions. The lessons that reflected no core content standards were from teachers that designed a completely computer science lesson; all of these teachers were pre-service teachers. The resulting table is below. 
[bookmark: _Toc141193274]Table 12. Descriptive Analysis of Core Standards in Integrated Artifacts
	Teacher Artifact
	Core Standards Score
	
	
	

	Teacher 1
	14
	
	Mean
	9.47

	Teacher 2
	11
	
	Median
	7

	Teacher 3
	9
	
	Mode
	5

	Teacher 4
	5
	
	
	

	Teacher 4a
	6
	
	
	

	Teacher 5
	24
	
	
	

	Teacher 6
	27
	
	
	

	Teacher 8
	6
	
	
	

	Teacher 8a
	7
	
	
	

	Teacher 9
	19
	
	
	

	Teacher 11
	5
	
	
	

	Teacher 12
	0
	
	
	

	Teacher 13 (SuitCASE Used)
	2
	
	
	

	Teacher 14 (SuitCASE Used)
	7
	
	
	

	Teacher 15
	0
	
	
	



The next step in the analysis is to look at the underlying computing integration, that is, look at the correlation between the amount of CT/CS included and the amount of core standards used in each artifact. By totaling the number of CS and CT concepts included with each artifact and placing that next to the number of core content standards included we can explore if teachers are able to balance both in a single lesson after experiencing the professional development courses. Table 5 reveals that there is comparable representation from all the core content areas except for Social Studies. Based on a Spearman’s correlation, there is no significant correlation between the means of the two variables. It appears that the intervention produced artifacts that were independent of Core Content standards and others that lacked significant CT or CS Concepts. 
[bookmark: _Toc141193275]Table 13. Integrated Artifact Analysis Summary With Content Areas
	Teacher Artifact
	Core Content Area
	Core Standards Score
	Total CT/CS

	Teacher 1
	ELA
	14
	15

	Teacher 2
	Math
	11
	9

	Teacher 3
	Science
	9
	6

	Teacher 4
	Math
	5
	5

	Teacher 4a
	Science
	6
	5

	Teacher 5
	Science
	24
	11

	Teacher 6
	Science, math, ELA
	27
	5

	Teacher 8
	Math
	6
	8

	Teacher 8a
	ELA
	7
	5

	Teacher 9
	Science
	19
	9

	Teacher 11
	ELA
	5
	6

	Teacher 12
	Computer Science
	0
	16

	Teacher 13 (Georgia Standards)
	Social Studies/Computer Science
	2
	19

	Teacher 14 (Georgia Standards)
	Math
	7
	14

	Teacher 15
	Computer Science
	0
	15



	
	Core Stats
	CT/CS Stats

	Mean
	9.46667
	9.86667

	Median
	7
	9

	Mode
	5
	5




As teachers work to incorporate computing concepts, the ambition is that they are able to do this without sacrificing the core content. This balancing act requires not only a strong understanding of each content area but an understanding of the intersection between the two as well. Teachers in this project needed to be able to identify where CT is already expressed in their lessons and where it can be infused. The review of the project artifacts shows the incorporation of CT concepts alongside core content standards. Teachers were able to identify explicit examples of CT concepts for their students and develop or modify lessons that expressed these concepts. Each artifact that contained five or more core content standards also had five or more included computing concepts. 
The two artifacts that did not include content standards from a traditional discipline included a high implementation of CS skills. The third artifact that had a high volume of CS skills only had two instances of core content standard implementation. This difference between the number of core content standards that were aligned with CT concepts vs the number that were aligned with CS skills may mean that integrating with CT concepts is a more readily attainable goal, possibly a first step before exploring CS skills but certainly a more viable path to computing integration than incorporating CS skills with core content lessons. This does not mean, however, that the practice is entirely intractable. More targeted research may be required in this area. 
The final research question was “How does a self-paced online course impact teachers’ perspectives on computing?”. To explore this, we looked at the pre and post survey and compared the responses to common questions before and after participation in the online courses. Quantitative questions that were identical on the pre and post survey were
1. Can computational thinking be integrated into non-computing classes? 
2. I am confident that I could integrate computational thinking into my future classroom.
3. I am comfortable using computers.

Each question reflects a perspective held by teachers regarding computing technologies, computing education, and integrated computing by way of CT. 
[bookmark: _Toc141192832]Q4 Can CT be Integrated into Non-computing Classes? 
Question number four concerns whether CT can be integrated into other content areas. Respondents were able to complete a Likert scale from 1-5 with 1 being “not practically” and 5 being “easily”. For this analysis, I ran an independent t-Test as I wanted to determine if there was a significant difference in the means of the pre-test survey responses and the post-test responses. I also used an independent samples t-test because the sample sizes were not the same, nor were pre and post survey responses connected. In Table 6 you can see that the mean of the responses, in aggregate, from the pre to the post survey changed from 3.08 to 3.53 and this represents a significant (p<.001) increase in the perspectives of the teachers on this point. The overall opinion that CT can be integrated into the other content areas increased after participation in this project. The effect size of this test, derived from Hedges’ g, again due to the different sample sizes, is .6625, a moderate effect size and thus reflecting a useful mean difference. The results of this analysis may be generalized but it would be useful to run the test again with larger sample sizes to create a stronger effect size that can be generalized with more confidence. 
[bookmark: _Toc141193276] Table 14. Q4 Analysis
	Q4
	Pre-survey
	Post-survey

	Mean
	3.08
	3.53



	Correlated p-value
	Hedges’ g effect size

	<.001
	.6625



The course series addressed several potential gaps in perception related to computational thinking and integrated computing, assuming that these gaps in knowledge and awareness limited perspectives on the viability of integrating computing into core content activities. The courses first related what CT is and detailed many of the characteristics of CT. Next, they explored the wide range of computing interactions that exist in society, highlighting the places where computing activities impact everyday experiences. Finally, there was an exploration of how CT was present in core content areas with examples of how activities could be developed that explicitly utilize CT alongside core content standards. This multi-pronged approach was successful in helping shift the perspectives of teachers regarding the integration of computing into other content areas.  
This shift in perspective regarding broad integration of CT is an important step towards the introduction of computing literacies to all students. Teachers that are able to see the integration of CT in society and believe in the viability of instruction rooted in integrated computing are more capable of highlighting these integrated experiences for their students. Students that see more computing integration in their daily experience will place more value on computing instruction and computing literacy. Teachers that have an elevated awareness of the ubiquity of computing experiences and an appreciation of integrated computing instruction may be more likely to explore this instruction themselves. 
[bookmark: _Toc141192833]Q5 I Am Confident That I Could Integrate CT into my Future Classroom
Question number five on the pre-survey reflects the participants’ ability to integrate CT into their practice. Respondents were able to complete a Likert scale from 1-5 with 1 being “not at all confident in their ability to integrate CT” and 5 being “completely confident in their ability to integrate CT into their practice”. For this analysis, I ran another independent samples t-test to compare the means of the pre and post survey analysis. In Table 7 you can see that the mean of the responses, in aggregate, from the pre to the post survey changed from 3.59 to 4.28 and this represents a significant (p<.001) increase in the perspectives of the teachers on this point. The overall confidence in participants ability to integrate CT into their practice increased after participation in this project. The effect size of this test is .717, indicating a strong use in this mean difference. The inferences gained from this test can be generalized with confidence. 

[bookmark: _Toc141193277]Table 15. Q5 Analysis
	Q5
	Pre-survey
	Post-survey

	Mean
	3.59
	4.28



	Correlated p-value
	Hedges’ g effect size

	<.001
	.71659



As stated earlier, an intermediate goal of any teacher professional development intervention is to change not only the beliefs and philosophies of the educators participating in the intervention but their praxis as well, in accordance with these changed beliefs. To change their praxis, a teacher must believe that such a change is important and believe they can execute viable instruction reflecting this change (Desimone, 2009). Analysis of this question reflects there was a significant shift in the perceived agency of participants to develop and execute integrated computing lessons in their core content area. 
The final goal for TPD is to improve the student experience and student outcomes. While this study does not measure this outcome, it does open the door for such an evaluation as it reveals a shift in the perceptions, agency, and ability of participating teachers regarding integrated computing. The question regarding a teachers’ beliefs that they are able to incorporate CT into their instruction is a necessary step to even attempting such a feat. The effect size makes this shift in agency the most generalizable aspect of this study and warrants maintaining the availability of the courses. 
[bookmark: _Toc141192834]Q8 I am Comfortable Using Computers
Question number eight reflects the participants’ comfort with computing technologies. Respondents were able to complete a Likert scale from 1-5 with 1 being “not at all comfortable with computing technologies” and 5 being “completely comfortable with computing technologies”. I ran a third t-test to compare the means. Table 8 shows the mean of the responses, in aggregate, from the pre to the post survey changed from 4.31 to 4.36 and this does not represent a significant (p<.163) increase in the perspectives of the teachers on this point. The overall comfort with computers did not increase after participation in this project. This is not reflective of the participants’ perspectives on computing or computing integration and thus was only related to the research question tangentially as a characteristic of the learners. 
The results from this question might also be correlated with the amount of CS skills incorporated in the evaluated artifacts. If a comfort with computing technologies includes a comfort with CS skills, then the insignificant change in familiarity may be connected to the reluctance to employ CS skills in the development of lessons. 

[bookmark: _Toc141193278]Table 16. Q3 Analysis
	Q3
	Pre-survey
	Post-survey

	Mean
	4.331
	4.36



	Correlated p-value

	<.163




[bookmark: _Toc141192835]Q3 How Would You Explain the Concept of Computational Thinking 
For this question, many respondents on the pre-survey described computational thinking as problem solving. This was the prevailing description with 20 of the 50 reviewed responses mentioning problem solving in some way. Sometimes this problem solving was directly connected to the use of computing technologies and other times it was connected to a more generalized set of skills that are independent of computing devices such as iterative design, critical thinking, and algorithmic thinking, “Computation thinking is critical thinking and problem solving. It's a way of thinking and problem solving that enables one to use logic, perseverance, creating, collaboration, abstract thinking to think critically and solve problems.” On the post-survey, this was still the prevailing description with 19/50 respondents mentioning problem solving, however more respondents connected CT to problem solving with a computer or the ability to determine if a computer could be used to solve the problem in question, “Computational thinking is when you have to decide if a computer is needed for a problem, how it would be helpful, and learning how to make it as helpful as possible.” Some referred to problem solving as being a human endeavor akin to how computers would solve a problem. 
On the pre-survey response set, there was also a frequent etymological connection to mathematics and the processes associated with solving mathematical algorithms. Algorithms were still cited on the post survey set, but every instance was then associated with computing technologies and usually referenced along with other CT concepts introduced during the course. A few responses characterized CT solely in terms of one of the more popular components of CT like decomposition or abstraction, with decomposition being the most frequent of these. The increase in recognizing the concepts related to CT or associating common practices like algorithmic thinking with CT reflects an increased understanding of what CT is and may have impacted the shift in perspective on the viability of integrated computing in instructional practice.  
A new response on the post survey that did not exist on the pre-survey response set was a contingent of respondents correlating CT to teaching, categorizing it as a strategy for using technology in instructional practice, often for making a complex concept easier to understand, “using a set of skills and tools in a process that will allow you to understand something in a more cognitive way, and even improve it.” This reflects a connection having been made between computational thinking and the praxis of the educators and supports the hypothesis of research questions one and three that 1) a self-paced online course can prepare teachers to implement integrated activities and 2) a self-paced online course impacts teachers’ perspectives on computing. 
[bookmark: _Toc141192836]Q6 How Would You Use Technology in the Content Area You (Plan to) Teach 
For this question, uses of technology broke down very cleanly into three thematic categories: 1) using technology for student learning support, that is, students using technology to supplement learning experiences; 2) using technology for student teaching support or teachers using technology to support their teaching strategies; and 3) using technology for teachers’ administrative support. 
Teachers on the pre-survey responses were rather vague on how technology could be used by students to support learning, with some mentioning online projects. On the post survey, teachers were more specific about how they could use technology to support teaching and instruction with some mentioned activities coming directly from the examples found in the course. Teachers stated that they intend on using technology to support students with grammar, learning a language, simulations, lab experiments, and research. There were several mentions of integrated projects or projects that used technology to help students explore creativity or express themselves in non-traditional ways, such as animations, games, or videos…. There was also an increased number of responses that mentioned students using technology for modeling within a broad range of contexts. On the pre- and post-surveys, a few respondents mentioned using technology to teach problem solving strategies like critical thinking and computational thinking and a few mentioned using technology to teach CS skills or concepts. The specificity of uses for technology in the classroom signals an internal reflection on integrating practices, a reflection that may have occurred explicitly during the courses or may have been inspired by participation in the courses.  
Regarding teaching support, many responses on the pre-survey reference the use of existing educational technology including productivity software and presentation software to enhance their instructional praxis. Others reference using assistive technology to support student instruction. Separately, some respondents mentioned the now common paradigm of teaching online, offering synchronous experiences, and organizing student assignments via an online LMS. This theme continued among the post-survey responses with references to productivity software and devices such as PowerPoint, Word, and smartboards. More teachers on the post-survey, however, cited other, more content specific resources, possibly due to encouragement received during the courses to research resources related to their field. An example of this was the intended use of GIS in a social studies course. 
Another increased category of responses on the post-survey in comparison to the pre-survey responses was the use of technology to perform administrative tasks. Prior to the PD course, some participants reported an intent to use technology for communication. Some referenced communication between students and others with parents. In the post-survey, teachers were more aware of the ability to use technology to automate processes, some mentioning this aspect specifically, “To create projects, digitally back up student work, automate some exhaustive processes (data collection, certain grading elements, attendance), share resources, and cultivate a community of respect and digital responsibility.” Many participants planned to use technology to grade papers, create lesson plans, generate quizzes, and provide classroom structure via online LMS systems. 
[bookmark: _Toc141192837]Q7 What Are Some Barriers to Using Technology in Your (Future) Classroom
The most frequently cited barrier to the use of technology on both the pre- and post-surveys were a “lack of access to technology” (17 mentions on the pre-survey and 22 mentions on the post-survey) and the “lack of internet connectivity” (3 mentions on the pre-survey and 6 on the post-survey). Dysfunctional technology was another common theme that is closely related to “lack of access.” A lack of access may refer to an inability to upgrade or maintain classroom technology, which can lead to insufficient numbers of working devices or devices incapable of performing necessary tasks. The lack of access to technology is also connected to another frequently mentioned challenge on both surveys--cost. Cost or funding affects access to both physical technology as well as curriculum that takes advantage of the technology. 
Another challenge mentioned on both surveys is a readiness to make use of the technology in the classroom. This lack of digital literacy occurs in both teachers, “The major barrier to using technology in the classroom is my comfort level and access to effective PD that helps me to better understand and integrate technology into my teaching” and students, “whether students have access to technology and/or internet. Also, if students do not have prior knowledge to using technology” pointing to teachers needing PL such as the object of this research and students benefiting from formative experiences at earlier stages of their K-12 matriculation and ubiquitous reinforcement. A lack of readiness or familiarity with computing technology can also situate technology as a novelty and, thus, a distraction in the classroom, which was another theme that was cited during both surveys. On the post-survey, a few respondents cited “inappropriate use of technology” as a distraction. Technology provides more stimuli in classrooms compared to rooms without it, and students unaccustomed to the number and intensity of stimuli may be easily lured by the dynamic nature of the environment. Digital literacy would include lessons on the appropriate use of technology for students. This may also be an indicator of the need for pedagogical PD for the teachers related to technology management. 
On the post-survey, there were some new concerns that did not show up on the pre-survey including administrative support, battery life, and technology being used to replace primary instruction. There were also a few reflections indicating there were no barriers to implementing technology, which was not a theme represented in the pre-survey selections. There was also one mention of buy-ins from near colleagues being a barrier. If departments participate in common lessons and common assessments, as many do, then this would stifle a technology progressive teacher from using technology to build lessons and assessments for their class.

[bookmark: _Toc141192838]CONCLUSION
There is a widespread imperative to add CS instruction to the K-12 school system with a variety of rationales including workforce development and a general digital literacy. There have also been notable challenges recruiting and training teachers for this content (Rich et al., 2019). Some of the barriers uncovered in the surveys identify challenges with teacher preparation related to the use of technology, a familiarity with integrated strategies, and the management of a technology rich classroom as well as challenges with a school systems’ ability and willingness to invest in technology. The teaching field in general is experiencing recruitment challenges and CS, often offered as an elective course, has additional barriers to recruitment and retention. 
Computing integration has the potential to address the challenge of recruitment in multiple ways. First, computing integration targets a larger audience of teachers, recruiting not just discrete CS teachers, but teachers from a wide variety of content areas. Discrete CS teachers are often recruited from industry or other STEM teaching fields, fields that also have teacher recruitment challenges (Yadav, 2017). By offering professional development in integrated computing, teachers do not have to leave their current content area, one where they have existing efficacy, to incorporate computing instruction and computing experiences for their students. TPD, in any form, is designed to improve student outcomes (Desimone, 2009). Couching that PD within a larger ecosystem of teacher support allows for various forms of TPD including learning communities, action research, coaching, and formal teaching workshops to name a few, to work in concert and build on teacher content knowledge as well as their self-efficacy in the given content area and beliefs related to pedagogy (Borko, 2004). The courses in this project are situated in a larger learning paradigm and attend to multiple dimensions of TPD. The online nature of the integrated courses provides broad access to online instruction that Face-to-face PD does not, including but not limited to mitigating some of the cost related to TPD. The asynchronous nature of the integrated computing courses makes them amenable to the existing schedule of the working professional (Lay et al., 2020; Zhenhua Ji, 2016). This project takes advantage of the research related to TPD broadly as well as oTPD and PD related specifically to computer science education. 
The second potential in integrated computing is the inherent context for learning the CT concepts. Integrated computing enjoys a built-in application context, unique to each teacher (Margulieux et al., 2022). Teachers are encouraged to explore where CT already exists in their practice and how it can be used to improve their pedagogical approach. Students are encouraged to learn CS and CT to explore the core content through additional dimensions. Computational projects have the potential to add more creativity, more engagement, and more agency to student projects. On the post survey responses, teachers displayed a more explicit understanding of how computing technologies in general and CT specifically can be used to enhance their instructional praxis. 
Integrated computing also affords school systems more flexible implementation. For larger and more affluent school systems, a dedicated CS teacher offering a suite of CS courses is realistic. Some large schools might even have two teachers in one building, a rarity for CS education. Smaller and lower socioeconomic systems, however, often lack the tax base to hire an additional teacher. They also lack the enticing community accoutrements to attract teachers to live and work there. In these school systems, an integrated approach would allow schools to incorporate CT experiences in core classes, leveraging teachers that are already in the school building. Schools may offer a CS course and still integrate computing into core course projects as a strategy for implementing STEM programs throughout the school. 
This project allows us to answer the question, “Can an integrated computing course promote CT instruction within a core content lesson?” The data tells us this is the case for CT concepts at least, but also reflects potential challenge in the integration of CS skills. The artifacts assessed show CT concepts incorporated into a wide range of core content areas. The teachers were able to create artifacts that include a wide range of CT concepts, including some that were not explicitly assessed such as pattern recognition and debugging, although pattern recognition is closely tied to abstraction which was assessed. Teachers were also able to identify where CT shows up in their core context. We did find that teachers are less apt to create artifacts that include both CS skills and core content standards, exposing that CS skills are more challenging to integrate than CT concepts. The development and incorporation of the Object-oriented skills is an essential component of integrated computing but one that may need to come after the development of CT awareness and familiarity. 
To answer the question, “Can an integrated computing course change the perception of integrated computing?”, the study shows us that this is also a positive result. Teachers’ opinion that CT can be integrated into core content areas is improved due to this intervention. Teachers’ confidence that they can integrate CT is also improved. Anecdotally, participants also have a clearer understanding of how to utilize CT in their classroom. This growth in perspective occurs despite a lack of change in perspective about their personal comfort with computing technologies. The experience improves pedagogical philosophy and self-efficacy without improving technical efficacy.
Self-paced, online courses on computing integration are one strategy that can be used effectively to improve teaching capacity for CS and CT. This strategy sits alongside other strategies that promote discrete CS instruction and technical efficacy (Faulkner et al., 2018; Cox et al., 2022). A flexible aspect of this strategy is that it is viable for both pre-service and in-service teachers. Integrating programming skills more closely aligned to CS may require teachers to feel confident about their ability to integrate CT effectively before they incorporate this additional dimension of skills. Incorporating a set of skills proved more challenging than a set of concepts or a pedagogical philosophy, although some teachers were able to employ these concepts, they did not display an ability to integrate them. Future studies might separate the two interventions such that teachers are primed with an experience designed to expose them to CT and the potential for integrating CT into their pedagogical practice and then followed by a more technical course on how to employ CS skills to accomplish even more computing integration. Additionally, it would eventually be important to explore student outcomes that result from the lessons teachers create during these professional development interventions. It would also be useful to explore the impact this series of courses had on other facets of teachers’ pedagogical development such as participation in professional learning communities. Finally, the existing rubric should be applied to a larger population of teachers’ artifacts, potentially those in use in teachers’ actual practice to strengthen the case of integrated computing. Ultimately, a layered approach that incorporates multiple interventions and approaches is recommended as the challenges are multifaceted, but this course and others like it are a viable component of such a strategy. 
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Article 2 Pre-survey Questions
1. Full Name:

2. Have you previously heard the term "computational thinking"?
Mark only one.
Multiple times
At least once
Might or might not
I don't think so
Definitely not
 
3. How would you explain the concept of computational thinking based on what you already know?
 
4. Can computational thinking be integrated into non-computing classes?
Mark only one.
	 
	1
	2
	3
	4
	 

	Not practically
	 
	 
	 
	 
	Easily


 
5. I am confident that I could integrate computational thinking into my future classroom.
Mark only one.
	 
	1
	2
	3
	4
	5
	 

	Not at all
	 
	 
	 
	 
	 
	Completely


 
6.How would you use technology in the content area you (plan to) teach?
 
7.What are some barriers to using technology in your (future) classroom?
 
8.I am comfortable using computers.
Mark only one.
	 
	1
	2
	3
	4
	5
	 

	Not at all
	 
	 
	 
	 
	 
	Completely


 
9.In your opinion, what three things could someone who is skilled in computing do?
 
10.Which level do/will you teach?
Mark only one.
 
Early Childhood and Elementary Education
Middle Level Education
Secondary Education
Other:
 
11.What is your (intended) area of specialization? (Select all that apply)
Check all that apply.
 
Elementary (i.e., all areas)
Arts (including music and theater)
Career, Technical, and Ag Education (CTAE)
Computer Science
English
ESOL
Foreign Language
Math
Science
Social Science
Other:
 
12. Have you learned about programming or computer science before? (Select all that apply)
Check all that apply.
 
Not at all
I've taught myself some programming or computer science.
I've participated in short-term instruction, like at a museum, summer camp, or Hour of Code.
I've participated in long-term instruction, like a class, club, or long-term professional development.
Other:
 
13. What makes this professional development opportunity appealing to you?
Mark only one per row.
 
	 
	Not important, n/a
	A minor bonus
	Appealing
	Very appealing

	Online instruction
	 
	 
	 
	 

	Self-Paced instruction
	 
	 
	 
	 

	Competency-based assessment
	 
	 
	 
	 

	ISTE certification
	 
	 
	 
	 

	Georgia State credit
	 
	 
	 
	 


 

Article 2 Post-survey Questions
1. Full Name:
 
2. How would you explain the concept of computational thinking?
 
3. Can computational thinking be integrated into non-computing classes?
Mark only one.
	 
	1
	2
	3
	4
	 

	Not practically
	 
	 
	 
	 
	Easily


 
4. I am confident that I could integrate computational thinking into my future classroom.
Mark only one.
	 
	1
	2
	3
	4
	5
	 

	Not at all
	 
	 
	 
	 
	 
	Completely


 
5.How would you use technology in the content area you (plan to) teach?
 
6.What are some barriers to using technology in your (future) classroom?
 
7.I am comfortable using computers.
Mark only one.
	 
	1
	2
	3
	4
	5
	 

	Not at all
	 
	 
	 
	 
	 
	Completely


 
8.In your opinion, what three things could someone who is skilled in computing do?
 
10.What is your age?
 
11.What is your gender
 
12. With what race(s) do you identify? (Select all that apply)
Check all that apply.
 
Asian
Black or African
Hispanic or Latinx
Middle Eastern
White or Caucasian
Other
Prefer not to answer
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