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A B S T R A C T

Workforce development and education leaders have increasingly emphasized the need for high-quality computer 
science (CS) instruction for K-12 students. Though states have created and mandated the implementation of CS 
curriculum standards, few in-service teachers have been provided sufficient opportunities to develop CS peda
gogical content knowledge and self-efficacy. This study evaluated the effect of a CS integration professional 
development (PD) program on K-5 teachers’ perceptions of their capacity to teach CS and their implementation 
of CS-integrated lessons using a randomized controlled trial design. Treatment included an intensive online 
summer institute with school year follow-up. Results indicate statistically significant effects of the PD on 
teachers’ confidence to teach CS, experience integrating CS into core content, and ability to engage students 
during CS lessons; treatment teachers also taught significantly more CS lessons than control teachers. Findings 
indicate that the program provides a scalable model for delivering PD designed to expand access to CS at the 
elementary level.

Introduction

The field of computer science (CS) education has experienced a surge 
in interest toward ensuring broader access to CS learning opportunities 
across the United States [1,2]. This is encouraging, because there are 
millions of unfilled jobs in Science, Technology, Engineering, Mathe
matics, and Computer Science (STEM-CS) in the United States (U.S.), 
and more than 90 % of today’s jobs require at least some level of digital 
skills [3]. With so many careers requiring knowledge of CS concepts [4], 
there is a critical need for CS education for all U.S. K-12 students. 
However, despite agreement among education and industry pro
fessionals about the need for increased STEM-CS literacy and career 
preparedness among all students [5,6], schools serving large pop
ulations of economically disadvantaged and underrepresented students 
are unlikely to provide CS instruction [7–9]. This is because educators in 
rural and low-income school settings often lack access to high quality, 
evidence-based professional development (PD), limiting their opportu
nities to gain STEM-CS subject matter expertise and pedagogical 
knowledge [10].

STEM-CS as a component of K-12 learning

Today’s students would benefit from knowledge of both STEM and 
CS to complete daily tasks associated with learning in the twenty-first 
century classroom. Technologies such as artificial intelligence, 
augmented and/or virtual reality, and the internet have grown to have a 
profound impact on a child’s life and learning, but students’ under
standing of the mechanisms and consequences of these technologies has 
not kept pace with their utilization in the classroom [11]. Moreover, 
student understanding of safety issues associated with the CS tools may 
be limited, putting students at risk when using the tools. Therefore, it is 
important for students to learn about the safe and ethical use of CS in the 
classroom [12], preferably at an early age.

The inclusion of STEM-CS in K-12 lessons can enhance students’ 
academic understanding as well as social and cognitive development. CS 
strategies and learning tools that provide a platform for problem solving 
and computational thinking can enhance K-12 learning and social 
reasoning [13], or the ability to analyze and draw inferences about 
others’ actions and intentions to help regulate their own behavior. In a 
study conducted by Strawhacker and Bers [14] a correlation was made 
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between early elementary students’ social reasoning development, and 
programming logic and practices when learning to code using Scratch 
Jr. In another study, young students utilizing tablet computers as a 
component of science were found to have high quality teacher-student 
interactions, including discussions to promote student understanding 
and a longer duration of student engagement [15], and the student 
benefits extended beyond the use of these tools.

Instruction through the integration of subject areas provides a means 
of meeting students at their current level of concept understanding and 
moving them forward toward new levels of comprehension while 
piquing their interest and enhancing their learning experience [16]. The 
integration of content-area concepts with CS concepts has also been 
shown to enhance the personalization of instruction by providing a 
platform for tailoring the lesson to student readiness through the se
lection of unique instructional materials [17]. Integrating CS with the 
core content areas of English, science, mathematics, and social studies 
has been found to provide students with a platform for gaining an un
derstanding of key computational thinking skills such as abstraction, 
data, modeling and simulation and algorithms [18], which we believe 
may enhance students’ utilization of CS concepts at home and at school.

STEM-CS in the workforce

As the twenty-first century progresses, components of both tech
nology and CS are taking a greater role in business, education, and lei
sure activities. Cyber-physical systems, digital twins, blockchain, three- 
dimensional printing and artificial intelligence are becoming prevalent 
in many aspects of daily life [19]. The modern workplace requires em
ployees trained in the STEM fields, who can utilize the concepts asso
ciated with CS and computational thinking [20].

In 2021, 24 % of the workforce in the US was employed in STEM 
fields (NSB, 2024). Computer and information technology is projected to 
grow much faster than other STEM occupations from 2023 to 2033 [21]. 
It is estimated that by 2026, IT skills shortages will be present in over 90 
% of organizations globally [22]. Whereas the gap between labor force 
requirements and the number of individuals trained in CS areas will 
increase over the next 10 years, only 60 % of U.S. public high schools 
offer at least one foundational CS course and only 6.4 % of high school 
students are enrolled in CS courses [7].

Statement of the problem

In response to the increasing importance of STEM-CS knowledge and 
skills in K-12 and the workforce, since 2017 states across the U.S. have 
begun mandating broad implementation of explicit CS curriculum 
standards. While there is support for positioning CS as a distinct subject 
[23], this is impractical given the shortage of elementary CS teachers in 
most school districts and the time constraints placed on classroom 
teachers providing other core courses [24]. An alternative option, and 
the one adopted by the state of Virginia where the present study was 
conducted, is to train classroom teachers to integrate CS into other 
content areas [25]. Virginia was among the first states to develop and 
adopt CS curriculum standards, and policymakers in the state recog
nized that integration of these standards into the core curricular content 
areas was a pragmatic approach to teaching and learning CS.

One immediate consequence that emerged from Virginia’s adoption 
of this policy, which required CS to be integrated into existing subjects 
from Kindergarten onwards, was that grade-level classroom teachers 
bore the primary responsibility for integrating CS into instruction, even 
though many had no prior training in CS content or pedagogy [9,25]. 
This was particularly true at the K-5 level in Virginia, where fewer than 
one in five elementary schools surveyed were teaching CS [7], despite 
evidence suggesting that CS activities can support the development of 
critical and computational thinking even for younger learners [26] and 
that building CS literacy simultaneously with other early-childhood 
literacies appears realistic and feasible [27]. Still, while promising 

findings are emerging from research on PD for CS-integration at the 
elementary level, studies to date have been focused primarily on 
quasi-experimental techniques [28], qualitative approaches [29], or 
single-case designs [30]. Though one randomized controlled trial 
examining impacts at the elementary level was conducted by Yang et al. 
[8], the study focused on a prescribed CS curriculum rather than 
multi-disciplinary CS-integration. To date, little causal-comparative 
evidence exists to support the impact of high-quality teacher 
CS-integration PD designed to promote access to CS concepts and build 
skills among elementary students, which are necessary steps in paving 
the pathway to advanced CS coursework at the secondary level.

K-5 teachers must be effectively trained to deliver high-quality in
struction that provides equitable opportunities and promotes student 
success related to CS learning outcomes to maximize students’ readiness 
to pursue middle and high school CS coursework, post-secondary CS 
studies, and/or meaningful CS-related employment. However, educators 
tasked with cross-content integration often face challenges related to 
self-efficacy, content knowledge, and pedagogical skills necessary for 
effective instruction [23,31,32]. PD is widely recognized as essential in 
equipping teachers with the concepts and skills to deliver effective 
CS-integrated instruction [23,32], but CS-integration training should 
also address educators’ motivation and self-efficacy [31], as these fac
tors significantly influence the likelihood of implementing CS content in 
their teaching post-training [33].

Purpose of the study and research questions

The current study is a subset of a larger project, [REDACTED], which 
was designed to broaden elementary students’ experience with CS by 
increasing teacher CS pedagogical and content knowledge and self- 
efficacy and improving their instructional skills to teach CS through 
an interdisciplinary lens. We limited our recruitment to teachers serving 
in schools with large populations (50 % or greater) of economically 
disadvantaged and/or underrepresented minority1 students. Initially, 
the project also focused on elementary teachers in rural school settings 
in Virginia, though participation was later made available to a broader 
selection of schools in the state. The project’s leadership team included 
university faculty, leaders of a statewide non-profit agency with exper
tise in K-12 CS education, and representatives from the state Department 
of Education. The project’s implementation team included university 
faculty and non-profit agency staff. A third-party evaluator was also 
engaged throughout the project and managed data collection tasks. The 
overarching goal of the project was to broaden participation in CS 
through high-quality PD leading to CS integrated instruction for K-5 
students.

Program impact on participating teachers’ CS content knowledge 
and on student outcomes was examined in a separate impact study [34]; 
the purpose of the current study was to examine impacts of the 
[REDACTED] PD on other teacher outcomes, including their confidence 
and experiences in integrating CS concepts into their core curriculum 
and the frequency with which they teach CS lessons. To do this, we 
examined the following research questions: 

1. How does the [REDACTED] program’s CS integration PD impact 
participating teachers’ confidence in performing and teaching CS, 
experience teaching CS, and ability to engage students during CS 
lessons compared to teachers randomized to the control condition?

2. How does [REDACTED] program’s CS integration PD impact the 
number of CS lessons taught by participating teachers compared to 
the number of lessons taught by teachers randomized to the control 
condition?

1 For purposes of this study, we are defining underrepresented students as 
those who identify as Black, Hispanic, female, or who receive special education 
services.
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Theoretical framework

The design of the [REDACTED] CS integration PD model is grounded 
in situated learning theory [35], specifically the concept that elementary 
teachers may be effectively prepared to integrate CS into core curricular 
areas via engagement in a community of practice (CoP). [REDACTED] 
teacher participants first build their knowledge, experience, confidence, 
and perceived competence related to CS integration by participating in 
an intensive PD workshop that promotes learning of both CS content and 
instructional strategies in a coaching-focused, supportive online com
munity. Teachers’ CS-related professional learning is then bolstered as 
they participate in a networked improvement community (NIC) [36,37] 
during the school year following the intensive PD workshop. Member
ship in this community spans both grade-level teams within partici
pating schools and the larger pool of [REDACTED] teachers across the 
project and the state. The [REDACTED] model builds directly upon prior 
professional development projects that utilized communities of practice 
and showed significant positive impacts related to mathematics [38] and 
science [39,40]. At the same time, it is well-aligned to projects that have 
demonstrated the value of utilizing learning communities and peer 
support within professional development activities geared toward CS 
teachers particularly [41–43].

Methods

Researchers and educators from the [REDACTED] project’s imple
mentation and evaluation teams partnered on this study. We employed a 
true experimental design through a two-cohort randomized controlled 
trial to examine program impacts on outcomes for elementary teachers 
randomly assigned to the treatment condition, specifically their confi
dence towards and experience in teaching and integrating CS concepts 
and standards into their instruction and their self-perceived ability to 
engage their students during CS lessons, as compared to those ran
domized to the business-as-usual control group [44]. Although some 
minor programmatic changes were made to the PD model in cohort two 
(see Procedures section below), the treatment and measures remained 
consistent across the cohorts, allowing us to combine the cohorts to 
investigate the causal impact of the model over the duration of the 
project. Our institution’s Human Subjects Review Board reviewed the 
project prior to the onset of study activities and determined that the 
protocol met the qualifications for approval as described in 45 CFR 46.

Participants

To support broader scaling of the project within schools and to 
promote sustainability of CS teaching and learning, we encouraged 
school-level participation teams. Elementary-level educators (teachers, 
librarians, media specialists, STEM coaches, etc.) from schools with 
large populations (50 % or greater) of economically disadvantaged and/ 
or underrepresented minority students across Virginia were recruited to 
participate in the program, with activities beginning in summer of 2021 
for cohort one and summer of 2023 for cohort two. All participants were 
instructional staff who were responsible for instruction for one or more 
classes during their cohort. In cohort one, 77 teachers from 23 schools 
enrolled in the program and consented to participate whether assigned 
to treatment or control, with n=33 teachers randomized to treatment 
and n=44 randomized to the control condition2. For cohort two, n=121 
teachers from 47 schools consented to participation, with n=60 teachers 
randomized to the treatment condition and n=61 teachers assigned to 
control.

For the current study, we only included those participants who 

completed the pre-survey and end-of-year survey, which resulted in an 
analysis sample of n=132, with n=67 treatment teachers and n=65 
control teachers. The groups were statistically equivalent for number of 
teachers who hold a STEM-CS degree (T=7, C=4, p =.58), mean years of 
teaching experience (T=15.2, C=14.9, p = .85), gender (T=67 female, 
C=57 female, p = .06), and ethnicity (T=59 white, C=47 white, p = .07). 
The groups were also statistically similar on whether participants had 
attended any non-[REDACTED] CS PD during the project year (T=22 
did, C=25 did, p = .58). Though school-level demographics were 
included as strata in the randomization process, there were minor dif
ferences in student populations by treatment group for our analysis 
sample, where teachers randomized to the treatment condition were 
serving in schools with slightly larger percentages of economically 
disadvantaged students (51.5 % compared to 48.7 %) and underrepre
sented minority students (48.7 % compared to 47.6 %) than those ran
domized to the control condition.

Data sources

Participating teachers were surveyed using the [REDACTED] 
Teacher Survey prior to the PD and at the end of the school year. This 
questionnaire consists of measures to assess participants' content 
knowledge, pedagogical knowledge, self-efficacy, and culturally 
responsive teaching. Items also assess CS confidence and experience 
teaching and integrating CS. Items assessing confidence and experience 
with CS and content knowledge were aligned with the Computer Science 
Standards of Learning Framework (Virginia Department of Education, 
2017). We adapted items from Bean et al.’s [45] Teachers’ Self-efficacy in 
Computational Thinking survey, Washington et al.’s [46] Computer Sci
ence Attitudes and Identity Survey, the Computing Attitudes Survey [47], the 
Culturally Responsive Teaching Survey [48], and the Culturally Responsive 
Teaching Self-Efficacy Scale [49] to create the instrument (Appendix A).

The measure was piloted and revised prior to administration for the 
current study, with the same versions (pre/post) used for both cohorts. 
Support for face and content validity was established through a review 
of the assessment by a panel of subject matter experts. Reliability 
(Cronbach’s α) for the Confidence, Experience, and Engagement sub
scales on the measure ranged from α = .74 - .94.

Procedures

By integrating CS curricular standards into core elementary subjects, 
the [REDACTED] program aims to enrich student learning and increase 
readiness for future STEM and CS coursework. Like STEM-integration 
PD, a deliberate and strategic approach to CS-integration PD is more 
effective than simply increasing the number of training opportunities 
[25]. CS-integration PD should be intentionally designed to structure 
learning experiences and offer multiple opportunities to practice newly 
acquired skills [50]. Training should also take place over multiple ses
sions with appropriate spacing to prevent information overload and 
burnout while promoting classroom implementation [51,52]. Following 
this guidance, the PD sequence employed in this study consisted of a 
5-day summer institute, followed by teacher engagement in a NIC [37] 
that allowed for multiple opportunities for interaction amongst partic
ipants. A critical element of this initiative is its partnership with a 
statewide not-for-profit agency that provides K-12 CS educational sup
port to schools throughout Virginia. This collaboration focuses on 
hands-on, practical learning experiences that inspire teachers to become 
advocates for CS education within their local communities. To ensure 
that educators are properly equipped for this digital transition, the 
program also provides each participant with a Chromebook.

Core professional development components. The program’s 
instructional model is delivered through a blend of intensive summer 
training and ongoing school-year support. First, participants completed 
a Summer PD Academy, a five-day, comprehensive course designed for 
elementary school educators. The academy introduced participants to 

2 Randomization occurred at the school level, with some schools having more 
participants than others, which may have resulted in unequal numbers of 
teachers per group.
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the six strands of the Virginia CS Standards of Learning [53]: (1) Algo
rithms and Programming, (2) Computing Systems, (3) Cybersecurity, (4) 
Data and Analysis, (5) Impacts of Computing, and (6) Networking and 
the Internet. Activities focused on identifying overlapping concepts be
tween core curricula and CS, enabling teachers to design integrated 
lessons. Participants utilized a specialized CS Integration Guide [54] to 
explore pre-made lessons with expert facilitators. To accommodate 
diverse schedules and extend reach through the state, two summer 
sessions were offered for each cohort, with activities occurring syn
chronously and asynchronously online.

Learning objectives for the summer institute included that partici
pants would develop: a) Knowledge of the Virginia CS curriculum 
standards; b) Coding skills using Scratch programming language; c) 
Experience creating integrated CS lessons d) Experience teaching/ 
implementing CS professional learning activities (to support their peers) 
e) Awareness of resources and tools to support teacher and student 
learning (for both in in-person and online settings) f) Confidence in 
coaching others in their respective schools on CS-integration. During the 
5-day academy, teachers learned instructional strategies for integrating 
the Virginia CS curriculum standards’ strands into elementary instruc
tion in reading, writing, science, mathematics, and social studies. They 
developed pedagogical knowledge and assessment literacy designed to 
enable them to teach and assess students’ understanding and acquisition 
of CS concepts and skills. Participants gained experience developing 
integrated CS lesson plans, for which they then received feedback and 
guidance from the PD facilitators (see Supplementary Materials for a 
sample lesson created through the program). [REDACTED] also inte
grated a culturally responsive teaching component to building partici
pating teachers’ capacity to incorporate students’ interests and 
experiences into lesson content, particularly when new content (CS, in 
this case) is introduced. Making new content culturally and contextually 
relevant can promote students’ sense of social belonging, self-efficacy, 
and academic achievement [55,56].

Networked Improvement Community. Following the summer 
academy, the program continued through a NIC [37]. NICs are profes
sional learning groups that possess four key characteristics: they focus 
on a well-specified aim; they are guided by a deep understanding of a 
problem and develop a theory of change to solve it; they deliberately 
attend to improvement metrics to demonstrate movement toward an 
intended solution; they are coordinated such that educational in
terventions can be implemented in varying contexts [36]. Teacher 
engagement in the NIC was promoted through an online resource plat
form and a series of virtual “Learning Bytes” modules offered by our 
non-profit CS partner who provided the summer academy. Learning 
Bytes were succinct, two-hour virtual sessions that explored advanced 
CS concepts and pedagogical strategies, including topics such as Artifi
cial Intelligence basics, Cybersecurity, and programming in Scratch or 
Twine. These sessions were designed to be accessible to all participants 
regardless of their teaching context. Multiple Learning Bytes sessions 
were held throughout the school year to maximize attendance and 
participation. Teachers were expected to complete four of these modules 
during the school year and were able to select the topics that most 
interested them or best fit with their needs.

Targeted Support and Mentorship. Recognizing that classroom 
implementation can be challenging, the program also introduced two 
additional layers of support for cohorts two and three: Keeping in Touch 
Sessions (KITS) and mentoring. KITS were one-hour virtual workshops 
designed to help teachers use the programmable, robotic educational 
tools provided by the program. KITS provided setup training and hands- 
on activities aligned with state standards. KITS were led by industry 
professionals skilled at introductory and advanced level implementation 
of the tools to support all participants regardless of their experience or 
comfort level with the tools. Participants were also assigned a program 
mentor to provide regular communication and troubleshooting support. 
These mentors were experienced classroom teachers skilled in CS 
pedagogical content knowledge who helped participants overcome the 

specific challenges of integrating CS into core elementary curricula.
Commitment to Equity and Accessibility. A fundamental aspect of 

the program is its dedication to culturally competent instruction, aiming 
to counteract STEM-CS attrition among minority, rural, and female 
students. By teaching educators to incorporate diverse cultures and lived 
experiences into their materials through provision of resources and ex
amples of culturally responsive exemplars that are easily incorporated 
into new or existing lessons, the program fosters an inclusive educa
tional environment supportive of all students in today’s technology- 
driven world.

Analytic approach

We examined between-group differences using multiple analysis of 
covariance (MANCOVA) techniques, with treatment status as the inde
pendent variable. We calculated subscale composite scores from the pre- 
and end-of-year surveys for the 13 items related to confidence in pro
gramming and teaching CS (Confidence), 6 items focusing on experience 
integrating CS (Experience), and 4 items regarding ability to engage 
students during CS lessons (Engagement) and used the scores at pre- 
survey point as covariates to control for differences prior to treatment. 
Although differences prior to PD were not statistically significant, the 
control group had higher initial mean scores on Confidence and 
Engagement. We also included a covariate that identified whether par
ticipants had engaged in any non-project CS PD during the program 
year. We used the three composite scores (Confidence, Experience, 
Engagement) from the end-of-year survey as dependent, or outcome, 
variables.

Participants were also asked if they had taught any CS or CS inte
gration lessons during the program year, and if yes, they were asked to 
provide the number of lessons for each of the six CS curriculum stan
dards strands (e.g., 1-2 lessons, 3-4 lessons, 5 or more lessons). More 
treatment respondents than control respondents answered yes (n = 51 
treatment, n = 30 control) and subsequently estimated the number of CS 
lessons taught. Given the different response rate than the other three 
dependent variables, we opted not to include this outcome in the 
MANOVA but rather to conduct a separate set of analyses to assess group 
differences for this variable.

To determine whether the groups differed on the content of the 
lessons taught for each of the six CS standards strands, we conducted 2 ×
4 chi-square analyses, with treatment status x number of lessons cate
gories (0 lessons, 1-2 lessons, 3-4 lessons, 5 or more lessons). We also 
calculated a conservative estimate of the number of lessons for each 
participant and each strand, using a value of 0 for the “0 lessons” 
response, a value of 1 for the “1-2 lessons” response, a value of 3 for the 
“3-4 lessons” option, and a value of 5 for the “5 or more lessons” 
response. We then summed these values to arrive at an estimate of the 
total number of lessons taught for each participant. Finally, we used the 
total number of lessons taught to conduct an independent samples t-test 
to determine differences by treatment status.

Results

The data met all the assumptions for the MANCOVA analysis (inde
pendence of observations, multivariate normality, homogeneity of 
variance-covariance matrices, linearity [57]), so the MANCOVA was 
performed. The results indicated a significant effect of treatment, Wilks’ 
lambda = 0.60, F (3, 108) = 24.04 p < .001, partial eta squared = 0.40, 
revealing statistically significant differences for Confidence, Experience, 
and Engagement, where the treatment group scored significantly higher 
than control on all outcomes. Tests of between-subjects effects revealed 
a substantial impact of treatment at the end-of-year point on Confidence 
(partial eta squared = 0.34), Experience (partial eta squared = 0.32), 
and Engagement (partial eta squared = 0.16). Means and standard de
viations by treatment status are reported in Table 1 for the three 
outcome variables.
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The examination of the number of lessons taught by strand revealed 
statistically significant differences for each of the six strands between 
groups, where participants randomized to treatment had higher values 
for the three lesson-count indicator options (1-2, 3-4, 5 or more) than 
control respondents (see Table 2 and Fig. 1). An independent t-test also 
revealed a statistically significant difference between groups, with the 
treatment group indicating a larger number of total CS lessons taught (m 
= 8.78) than the control group (m = 5.97) (t = -2.01, df = 79, p = .05). 
When summed, the total CS lessons taught variable revealed that 
treatment teachers taught an estimated 448 lessons, compared to 179 
lessons taught by teachers in the control group, as illustrated in Fig. 2.

Discussion

The [REDACTED] project and this embedded study responded to a 
statewide need to improve teachers’ CS related knowledge and peda
gogical skills, and a national need for research on the impact of high- 
quality PD to enhance elementary teachers’ ability to integrate CS into 
the curriculum. Its findings illustrate that participating in high-quality 
CS-integration PD was more effective than business-as-usual for 
increasing teachers’ confidence to teach CS integrated lessons, perceived 
experiences in teaching CS integrated lessons, and perceived self- 
efficacy to engage students in CS integrated lessons. Teachers’ percep
tions were in alignment with their actions, as treatment group teachers 
also reported teaching more CS lessons than control group teachers for 
each of the six CS content area strands within the statewide CS curric
ulum standards, with a significance value of p = .05. We acknowledge 
that a significance value of p < .05 is common practice in quantitative 
research, though some modern researchers suggest that acceptance of p 
≤ .05, as originally proposed by Fisher [58], as appropriate for indi
cating strength of difference between groups [59,60] or that a signifi
cance value of .05 should be considered in the context of other equation 
statistics [61]. As treatment teachers reported teaching 2.5 more lessons 
than control teachers, we assert that this finding is meaningfully signif
icant, even if its statistical significance is in question. We believe that the 

partnership between the [REDACTED] project team, the VDOE, and the 
non-profit CS agency supported these findings and will also promote 
sustainability of CS teaching and learning as it provides evidence of 
commitment to CS.

The findings here are notable, given that the [REDACTED] PD pro
gram was offered entirely online, and that nearly 40 % of the control 
group teachers indicated that they had participated in non-[REDACTED] 
CS PD during the study period (compared to 33 % of treatment teachers 
who indicated participated in non-program CS PD during the same 
time). The virtual format of the PD and the NIC will also likely play a 
significant role toward access to high-quality teacher PD as the 
[REDACTED] team works to scale the project beyond the treatment 
group and across the state, particularly in rural areas. Other features of 
[REDACTED], such as an integrated, multidisciplinary approach to CS 
instruction, have been shown to be effective in improving teacher CS 
confidence and competence [30,62] and in increasing the number and 
frequency of integrated CS lessons taught [28], findings that mirror the 
outcomes here and which may further promote sustainability and 
scaling of the [REDACTED] program.

Limitations

It is important to highlight limitations that may have affected our 
findings, presumably the most influential being that cohort one activ
ities occurred during the 2021-2022 school year when COVID-19 chal
lenges persisted in K-12 schools. Inconsistent class settings (e.g. in- 
person, hybrid, virtual), higher absenteeism, and continued health 
concerns are among these challenges, any or all of which may have 
impacted outcomes for either the treatment or control group. It is also 
possible that, despite the mandate from the state department of educa
tion to integrate CS curriculum standards beginning in 2019, conflicting 
priorities at the division or school level may have influenced the focus on 
CS teaching and learning, in a positive or negative manner. Finally, our 
findings are derived from participants’ self-reported data, and we 
recognize the limitations that self-reported data may introduce. This 
includes limitations for the variable for number of lessons taught: the 
response options for this variable provided ranges that could be inter
preted as arbitrary (0, 1-2, 3-4, 5 or more) and the item allowed teachers 
to count lessons that integrated more than one CS standard strand as 
multiple lessons. This may have artificially inflated the numbers of 
lessons taught or, inversely, limited the numbers of lessons taught for 
any participant who taught six or more lessons. However, in the absence 
of classroom observations (primarily because of persistent COVID 
challenges), we felt that this was an appropriate proxy for the frequency 
of CS lessons taught, even if not ideal.

Table 1 
Teacher outcomes by treatment status.

Treatment Control

M SD m SD

Confidence 55.66 10.23 41.75 15.39
Experience 26.36 6.22 18.77 8.17
Engagement 20.29 3.06 18.05 3.76

Minimum-maximum score ranges: Confidence 13.00-73.00; Experience: 6.00- 
36.00; Engagement: 6.00-24.00

Table 2 
Teachers’ implementation of CS integrated lessons.

CS SOL Strand & Group 0 lessons 1-2 lessons 3-4 lessons 5 + lessons χ2 Df p

Algorithms & Programming 
Treatment 
Control

3 
1

20 
20

18 
6

10 
3

17.82 4 .001

Computing Systems 
Treatment 
Control

17 
14

21 
13

10 
2

3 
1

15.56 4 .004

Cybersecurity 
Treatment 
Control

16 
11

21 
16

10 
2

4 
1

15.79 4 .003

Data & Analysis 
Treatment 
Control

16 
16

23 
10

10 
1

2 
3

19.74 4 <.001

Impacts of Computing 
Treatment 
Control

18 
12

22 
16

8 
0

3 
2

17.40 4 .002

Networking & the Internet 
Treatment 
Control

19 
17

18 
9

10 
4

4 
0

16.74 4 .002
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Conclusions

Because this was a true randomized controlled trial, we can infer 
cause, meaning that we can conclude that the [REDACTED] program 
positively impacted teachers’ confidence in programming and teaching 
CS concepts, their experience integrating CS into their core curricular 
lessons, and their ability to engage students during CS lessons. 
[REDACTED] PD also statistically significantly impacted the number of 
CS lessons taught by participating teachers, where [REDACTED] 
teachers taught CS lessons at two-and-a-half times the rate of control 
teachers, exposing students of treatment teachers to CS content and 
concepts and broadening participation in CS at the elementary level. 
Other studies from [REDACTED] are ongoing to examine how the pro
gram impacted student affect and knowledge relative to CS, and how 
variations in teacher fidelity of implementation may yield differential 
impacts on student performance. Additional work is also underway to 
update [REDACTED] components to align with Virginia’s revised CS 
curriculum standards, which were released in 2024.
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APPENDIX A

ARCS PD Teacher Survey
*Differences between pre-treatment and end-of-year administration 

points are denoted. Only items relevant to the current study are pre
sented here.

The purpose of this survey is to understand your current thinking 
about computer science and elicit your feedback on your confidence, 
perceptions and experiences relative to computer science teaching and 
learning.

Confidence Subscale
Six response options: Not at all confident, Unconfident, Somewhat 

unconfident, Somewhat confident, Confident, Very confident
Rate your confidence with the following. 

1. Programming (any language)
2. Coding in a block language (e.g. Scratch)
3. Coding in a text-based language (e.g. Python)
4. Running an "Hour of Code" event
5. Teaching programming (any language)
6. Teaching coding in a block language (e.g. Scratch)
7. Teaching coding in a text-based language (e.g. Python)

Rate your confidence integrating the following into your K-12 
instruction. 

1. The Virginia Computer Science standards
2. Algorithms and programming
3. Information about computer systems
4. Information about cybersecurity
5. Data and analysis
6. Information about the impacts of computing

Experience Subscale
Six response options: Very unexperienced, Unexperienced, Some

what unexperienced, Somewhat experienced, Experienced, Very 
experienced

Rate your experience with the following. 

1. Programming (any language)
2. Coding in a block language (e.g. Scratch)
3. Coding in a text-based language (e.g. Python)
4. Running an "Hour of Code" event
5. Teaching programming (any language)
6. Teaching coding in a block language (e.g. Scratch)
7. Teaching coding in a text-based language (e.g. Python)

Rate your experience integrating the following into your K-12 
instruction. 

1. The Virginia Computer Science standards
2. Algorithms and programming
3. Information about computer systems
4. Information about cybersecurity
5. Data and analysis
6. Information about the impacts of computing

Engagement Subscale

Six response options: Strongly disagree, Disagree, Somewhat 
disagree, Somewhat agree, Agree, Strongly agree 

1. I can engage students from rural areas in computer science.
2. I can engage students from low socioeconomic backgrounds (i.e., 

students receiving free and reduced-price meals) in computer 
science.

3. I can engage students who are traditionally underrepresented in 
STEM (i.e., Black, Hispanic, female, receiving special education 
services) in computer science.

4. I can address issues of access to computer technologies for students in 
my school.

Computer Science Lessons Subscale (end-of-year version only)
Did you teach any lessons that explicitly targeted CS SOLs this school 

year?
No
Yes
(A “No” response skips the next set of items)
If yes, approximately how many lessons related to each of the 

following CS SOL strands did you teach? If a lesson was designed to 
target multiple CS SOL strands, count it for each strand.

Four response options for each strand: 0 Lessons, 1-2 lessons, 3-4 
lessons, 5 or more lessons. 

1. Algorithms and Programming
2. Computing Systems
3. Cybersecurity
4. Data and Analysis
5. Impacts of Computing
6. Networking and the Internet
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