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Abstract

- Hilary Mead? - Bataul Alkhateeb’ - Lori Pollock®

The need to expand computer science learning for all students has led to an increase in professional development (PD) oppor-
tunities for teachers. The Covid-19 pandemic, however, necessitated changes in well-established PD programs and a shift to
virtual delivery. In this work, we describe our transition to a virtual PD institute, including the topics and design principles
guiding the institute. We also examine how participation in the virtual PD institute influenced teacher outcomes. Data were
collected from two cohorts of teachers. Data sources included surveys (N=30), lesson plans (N=22), and interviews (N=17)
from a purposeful sample of participants. Findings gleaned from quantitative and qualitative analysis suggest an increase
in teachers’ knowledge and self-efficacy while highlighting the affordances of virtual PD most valued by teachers. Findings

have implications for research and practice.

Keywords Professional development - Virtual learning - Computer science education

Introduction

Throughout the world, efforts are underway to expand K-12
student participation in computer science (CS). In the U.S.,
51% of high schools offer CS while across 19 states, 30% of
K-8 schools offer foundational CS courses (Code.org et al.,
2021). Although progress has been made, data suggests that
opportunity gaps continue to exist in relation to female and
minoritized student participation in computing (Code.org
et al.). For example, minoritized students are less likely to
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attend a school that offers CS courses while females are less
likely to be enrolled in foundational CS courses (Code.org
et al.). At the same time, global events such as the Covid-
19 pandemic have further highlighted the critical role of
CS knowledge in helping individuals understand data and
computer models used to explain the pandemic itself, the
economy, and the well-being of citizens (Lee & Campbell,
2020). Further, with existing inequalities exacerbated during
the pandemic, understanding of how to use CS to identify
the impact of complex societal problems on one’s commu-
nities has made computing more personally relevant to stu-
dents (Lee & Campbell, 2020). In turn, these opportunities
necessitate that teachers engage all students with CS in ways
that help them address pressing societal issues.

A major challenge in engaging all students with CS is
building teacher capacity for equitable, engaging, and rig-
orous CS instruction. Towards this end, culturally relevant
pedagogy (CRP) frameworks which help teachers integrate
knowledge relevant to student identities and communities
with CS activities are key for enabling effective, meaningful,
and equitable learning (Codding et al., 2021; Gay, 2018).
Equity-oriented PD prepares teachers to integrate CRP
into their teaching by engaging them in self-reflection that
requires acknowledging their biases and positionality (Bor-
rero et al., 2018). Yet compared to other subjects (e.g., math-
ematics), there are fewer opportunities as well as research
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documenting the design, implementation, and outcomes of
equity-oriented CS PD programs (e.g., Codding et al., 2021;
Menekse, 2015; Mouza et al., 2018). Importantly, the Covid-
19 pandemic necessitated changes in the design and deliv-
ery of PD programs, further complicating current efforts
to investigate the characteristics of effective CS PD and its
associated impacts on teacher learning and practice. In this
work, we present the transition from a face-to-face program
to a virtual PD institute necessitated during the Covid-19
pandemic. We describe the topics and design principles
guiding the virtual pivot and investigate the impact of the
virtual PD institute by answering the following questions:

1. How did participation in a virtual PD institute influence
teachers’ knowledge and confidence in teaching CS
skills?

2. How did participating teachers apply CS content and
pedagogy learned during the virtual PD institute in con-
ceptual lesson designs?

3. In what ways, if at all, did participating teachers use or
plan to use new resources and strategies from the virtual
PD institute in their instruction?

4. What elements of the virtual PD institute were most val-
ued by participating teachers?

Prior Literature: Professional Development
in Computer Science Education

The current demand for K-12 CS instruction has given rise
to a number of PD initiatives both in the U.S. and abroad.
PD is essential for helping teachers build their knowledge of
CS content along with high quality pedagogical strategies
that will help meet the needs of all students (Goode et al.,
2014; Fancsali et al., 2020). Further, PD is important for
positively influencing teachers’ confidence or self-efficacy --
their beliefs in their ability to both learn and teach CS (Ban-
dura, 1977; Rich et al., 2021). A growing body of research
indicates that teachers’ self-efficacy has implications for
teaching effectiveness, instructional practices, and student
achievement (Klassen & Tze, 2014). Therefore, efforts to
support the teaching of CS should focus on teachers’ knowl-
edge and confidence as well as their ability to apply what
they learn in practice.

Findings from Face-to-Face PD Efforts

Existing research indicates that participation in PD driven
by a focus on content, pedagogy, active learning, coherence,
and sustained duration could facilitate changes in teachers’
knowledge, self-efficacy, and practice in a variety of K-12
settings (e.g., Desimone, 2009; Goode et al., 2014; Rich
et al., 2021). For instance, in prior work we have found that

——
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participation in a PD program which included an intensive
face-to-face week-long institute and follow-up support dur-
ing the academic year, helped teachers acquire CS content
knowledge and a variety of pedagogical strategies for teach-
ing CS (Mouza et al., 2016; Pollock et al., 2017). Further,
interview data following participation in PD indicated that
teachers implemented content and strategies from the PD in
their classrooms, reaching a broad population of students
(Pollock et al., 2017).

Findings from PD efforts associated with the popular
Exploring Computer Science (ECS) high-school curricu-
lum indicated that participation in PD strengthened teachers’
practice by building their capacity to foster equity, inquiry,
and development of CS concepts. In turn, teachers’ practice
had a direct impact on students’ attitudes and their engage-
ment with CS (McGee et al., 2019). Similarly, Rich et al.
(2021) documented positive changes in teachers’ learning
as a result of participation in continuous PD associated with
the BootUp K-8 program (https://bootuppd.org/professional-
development/). The BootUp PD program extended over the
period of one year and focused on coding and computational
thinking, both of which are key aspects of CS. Results indi-
cated that participation in the program increased confidence,
self-efficacy, and comfort level with coding and computa-
tional thinking.

Findings from Virtual PD Efforts

Although these results are promising, the Covid-19 pan-
demic has forced a number of well-established face-to-face
PD efforts to transition online. While there is an extensive
body of literature focusing on online PD in other content
areas (e.g., Parsons et al., 2019), such work is only begin-
ning to emerge in the field of CS. For instance, Goode
et al. (2020), transitioned the well-established ECS PD
sessions from face-to-face to online focusing on a learn-
ing community model to support continuous participation
while addressing barriers related to travel, time, geography,
and cost. Findings indicated that the learning community
approach can engage participants in learning that supports
inquiry and equity-based CS instruction while breaking
down the isolation of CS teachers (Goode et al., 2020).
Other efforts to leverage online PD are also reported
from scholars outside the U.S. (e.g., Ireland, Australia). For
instance, McGarr et al. (in press) describe a PD framework
focusing on a community of practice approach to support
nationwide CS efforts in Ireland. This approach included a
combination of face-to-face and virtual just-in-time support
delivered through collaborative platforms (e.g., SLACK), as
well as online MOOC:s focused on the development of fun-
damental CS skills. Similarly, Falkner et al. (2018) describe
an ecosystem approach to supporting teacher PD in Aus-
tralia, which includes a collection of MOOCs providing
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self-paced content and pedagogical learning, development of
lead teachers, face-to-face PD events, and a lending library
of CS technologies to facilitate integration. Evaluation
results indicated that an ecosystem approach can support
teacher learning and engagement with CS while strengthen-
ing the broader CS community goals.

Findings from Emergency Virtual PD Efforts

While the above studies examined the effectiveness of PD
deliberately designed and delivered online, the Covid-19
pandemic necessitated emergency remote instruction, which
is meaningfully different (Hodges et al., 2020). Ferdig et al.
(2020) provided numerous examples of how educators work-
ing with both pre-service and in-service teachers pivoted to
online instruction as a result of the pandemic, but few of
these studies focused on CS PD specifically (e.g., Albert
et al., 2020).

Examining their transition to virtual PD specifically in
response to Covid-19, Jocius et al. (2021) describe how
they shifted an established PD program to online focusing
on the integration of computational thinking with English
Language Arts (ELA). This program included face-to-face
summer workshops and follow-up academic year activities
modeled after the 3C approach (code, connect, and create).
The online transition used a combination of synchronous and
asynchronous activities delivered through various technolo-
gies (e.g., video conference, chat), online materials mirror-
ing the 3C approach, opportunities for collaborative activi-
ties that supported engagement with content, and focus on
practice and reflection. Follow-up activities were provided
through monthly webinars focusing on CS content. Find-
ings indicated that teachers infused CT into existing ELA
curricula, albeit they differed in the manner in which they
appropriated and adapted pedagogical tools for CT infusion.

In this work, we describe how we transitioned our face-to-
face PD program to online delivery at a time where both the
emotional strain and workload of teachers made it challeng-
ing to focus on CS in light of pressing educational challenges
(Code.org et al., 2021; Jocius et al., 2021). We subsequently
examine the impact of the virtual PD institute on teachers’
knowledge and confidence in teaching CS, application of CS
in lesson designs, and PD features most valued by teachers.

Methods

Context of this Work

This work is situated in a larger effort to improve the teach-
ing of computing in the U.S. through effective PD. Our

PD program incorporates a three-tiered approach, which
typically includes: (a) an annual face-to-face week-long
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summer institute, (b) a college field-experience course in
which undergraduate students with background in CS assist
teachers in developing and implementing CS lessons back
in their classrooms, and (c) sustainable partnerships with
K-12 schools (Pollock et al., 2015). The week-long sum-
mer institute focuses on preparing teachers in grades 5-12
to teach standalone CS courses or integrate foundational
CS principles into existing content area instruction. These
principles include creativity, abstraction, data, algorithms,
programming, Internet, and impacts of computing (College
Board, 2017).

The design of the institute is grounded in the framework
of technological pedagogical content knowledge (TPACK),
which describes the knowledge needed for the effective
integration of technology in teaching (Mishra & Koehler,
2006). It includes explicit attention on CS resources and
tools (technology), CS principles (content), pedagogy for
teaching CS (pedagogy), and culturally responsive strategies
for broadening participation in computing (Codding et al.,
2021; Scott et al., 2010).

In spring 2020, as Covid-19 forced school closures, we
quickly realized that we would not be able to offer our annual
face-to-face summer institute. Following discussions with
our local chapter of the Computer Science Teachers’ Asso-
ciation (CSTA), we decided to shift our summer institute to
an institute series of bi-weekly 2-hour virtual workshops,
delivered synchronously via Zoom, in fall 2020. A total of
five workshops were offered between October - December
for a total of 10 instructional hours. Similarly, as summer
2021 approached it again became clear that a face-to-face
institute would not be possible. Therefore, we pivoted to a
virtual summer institute offered over a period of four days.
The design of the summer institute was informed by feed-
back on the content, duration, and instructional activities
provided by fall participants. Each day, teachers met syn-
chronously via Zoom from 9 a.m. — 12 p.m. for a total of 12
instructional hours. All sessions were delivered by members
of our research team or teachers who had developed leader-
ship and expertise through their participation in our prior
PD efforts.

In addition, teachers participating in both the fall and
summer virtual institutes devoted independent time for
examining resources and tools and designing lessons that
integrated CS with core curriculum content. This approach
allowed us to capitalize on a combination of synchronous
activities focused on new content and peer interactions with
asynchronous activities focused on practice and reflection
(Jocius et al., 2021). Further, technical assistance was availa-
ble throughout each day of the summer institute in a separate
Zoom room, which allowed teachers to receive one-to-one
support or ask questions at any time. Such assistance was
provided on-demand in the fall.
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Table 2 PD participant demographics

Number Percentage

Gender Female 33 82.5
Male 7 17.5
Race Asian 1 2.5
Black/African Ameri- 10 25.0
can
White 27 67.5
Prefer not to answer 2 5.0
Ethnicity Hispanic or Latinx 1 2.5
Prefer not to answer 1 2.5
Other 38 95
Teaching Experience 0-3 Years 3 4.5
4-5 Years 2 5.0
6-10 Years 10 25.0
11-15 Years 7 17.5
16+ Years 18 45.0
CS Experience 0 Years 15 37.5
1 Year 4 10.0
2-3 Years 11 27.5
4-5 Years 5 12.5
6+ Years 5 12.5
Primary Discipline® Computer Science 13 33.3
Business 6 15.4
Career/Technical Ed 5 12.8
Science/Math 2 5.1
Other 13 333

N=40 except * N=39

Table 1 provides a snapshot of the content, delivery, and
rationale of our virtual institute in fall 2020 and summer
2021. Unlike our face-to-face PD program, no follow-up
classroom support was provided. Due to our university
classes also moving online, we were unable to offer the field-
experience course.

Participants

Participants included 15 teachers who attended the fall
virtual institute and 27 teachers who attended the sum-
mer virtual institute, for a total of 42 teachers. Of those,
21 (50%) teachers had previously attended our face-to-face
PD programs. Those teachers taught in a variety of grade
levels and schools throughout a U.S. state. Table 2 presents
demographic information on participating teachers. Partici-
pants! were fairly seasoned teachers, with the majority of
them having 16+ years of experience. However, as shown

! Not all participants completed all data collection instruments,
therefore the sample size for each data source varies.

@ Springer

on Table 2, their experience in CS was much shorter. Only
five teachers had 6+ years of CS experience. Further, only
thirteen participants taught CS as their primary discipline
while the rest were interested in integrating CS across other
areas. All teachers voluntarily participated and were com-
pensated for their time.

Design and Data Collection

The study used a convergent parallel mixed methods design
(Cresswell & Plano Clark, 2017). Data for each research
question were collected from different sources including pre
and post surveys, lesson plans submitted at the end of each
institute, and interviews. Qualitative and quantitative col-
lection and analysis proceeded separately, with integration
happening at the point of analysis.

Surveys Data were collected using both quantitative and
qualitative procedures. Participants completed electronic
surveys, administered through Qualtrics, prior to the first
PD session and after the last session. These surveys were
designed to gauge participants’ level of knowledge and
confidence in teaching CS before and after each institute.
The post-survey also included both closed- and open-ended
questions to measure participant satisfaction and perceptions
of the PD, as well as what they had learned in it. Survey
items were based on research discussed above about effec-
tive PD (e.g., “This PD workshop was tailored to my needs
as a learner” or “Sufficient time was provided for guided
practice and tasks”). There were 15 responses to the pre-
survey and 8 to the post- survey in fall 2020. There were 25
responses to the pre- survey and 22 to the post- survey in
summer 2021.

Lesson plans As a culminating activity in both the fall 2020
and summer 2021 institutes, participants developed concep-
tual lesson plans integrating CS with content area instruc-
tion (N=22). Conceptual lesson plans refer to lessons that
teachers planned to use in their own classrooms following
their participation in PD (Codding et al., 2021). Participants
developed the lesson plans independently (N = 18) or with a
partner (N = 4). These plans were used as artifacts to dem-
onstrate participant learning and application of PD con-
cepts. Specifically, teachers were asked to indicate the target
audience (e.g., grade level), content area, lesson goals, CS
standards, required technologies, and learning assessment.
Teachers designed lesson plans that could be used for mul-
tiple content areas including standalone CS courses (N=15),
world languages (N=3), mathematics (N=2), social studies
(N=1), and ELA (N=1). Lesson plans covered a wide range
of CS topics ranging from block-based coding to create sto-
ries on Scratch to writing algorithms for playing rock, paper,
scissors as an unplugged activity.
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Table 3 Codebook for lesson plan analysis

Code Criteria

CS Principles (CS for All Teachers, n/d)

Activities use a sequence of instructions for a process that can be executed using tools and devices to solve problems.

Activities involve a creative process that enables problem solving, human expression, and creation of knowledge.

Activities use computer programs to process information to gain insight and knowledge. Activities use computing

Algorithms
Programming

Activities use mathematical and logical concepts and are facilitated by appropriate abstractions.
Abstraction Activities use models and simulations to raise and answer questions.
Creativity Activities foster the creation of artifacts and creative expression.
Data

facilities to explore and discover connections in information through data manipulation.
Internet

Impacts of CS

Activities use the Internet, a network of autonomous systems, and the systems built on it.
Activities explore the ways computing affects communication, interaction, and cognition. Activities explore comput-

ing within economic, social, and cultural contexts.

Pedagogy
Collaborative Learning
CS Inquiry

Students are configured into small groups or partners.

Activities are characterized as open ended tasks that are student centered and encourage discovery. Students analyze

and think critically between various solutions and approaches for completing tasks.

CS Unplugged
device.

Scaffolding - Use

Scaffolding — Modify

Activities engage students with ideas from computer science without having to learn programming or use a digital

Activities are limited to "using" a given artifact such as "inspecting a code and running existing models". Students act
as "consumers of someone else's creation."

Activities involve "using" and "modifying" an existing artifact. "Students go from solely using existing code to chang-

ing the code to suit their intended desires as designers."

Scaffolding - Create

Activities move away from "using" and "modifying" existing artifacts to producing new artifacts. "Students end up

in a state where they have created a completely new model, having full ownership of the design and agency over its

development."

Interviews Interview data helped obtain in-depth informa-
tion on teachers’ experiences. All teachers who attended the
fall 2020 institute were invited to an interview. Of those, 8
participants (53.3% response rate) responded and were inter-
viewed in spring 2021. Of the teachers attending the summer
2021 institute, a purposeful sample of 14 new and returning
participants from diverse school settings was invited for an
interview after the PD. Out of those invited, 9 responded
(64.3% response rate) and were interviewed at the end of the
institute. Therefore, a total of 17 interviews were conducted.
The interview protocol explored how teachers responded to
the PD, what they had learned in it, and whether and how
they had implemented or planned to implement strategies,
practices, or resources shared in the PD. Interviews took
place on Zoom and were recorded and transcribed. All inter-
views were conducted by an external evaluator associated
with a research center responsible for the overall PD evalu-
ation. This allowed participants to freely express their per-
spectives of the PD without trying to please PD providers.

Data Analysis

Both qualitative and quantitative analysis were conducted
depending on each data source.

Surveys Frequencies were calculated for all closed-
ended items and means and standard deviations were also

calculated for Likert scale ratings. Paired sample t-tests were
conducted on the 21 items that appeared on both the pre- and
post-PD surveys. There were a total of 28 matched pairs
(i.e., where the individual completed both pre- and post-PD
surveys) used in the analysis. Open-ended survey responses
were coded by question, using an inductive, grounded theory
approach (Saldadia, 2021; Corbin & Strauss, 2008).

Lesson Plans Conceptual lesson plans were analyzed to
examine the ways CS content and pedagogical practices
were infused in the conceptual lesson plans after partici-
pating in the virtual PD. For this analysis, we developed a
codebook drawing from two sources (CS for all, n.d.; Lytle
et al., 2019). Codes were grouped into two categories that
addressed CS principles and CS pedagogy, including spe-
cific scaffolding activities modeled after the use-modify-
create framework (Lytle et al., 2019; see Table 3).

Interviews Interview transcripts were coded in Dedoose
(Socio-Cultural Research Consultants, 2021), using a mix-
ture of a priori codes based on previous work (see Codding
et al., 2021) and codes that emerged inductively. The goal
was to identify themes salient across participants.

. @ Springer
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Table 4 Ratings of knowledge and skills before and after the work-
shop

Before workshop After workshop
Number Percent Number Percent
Poor 3.40 0 0.00
Below average 6 20.70 0.00
Average 13 44.80 8 27.60
Above average 9 31.00 19 65.50
Excellent 0 0.00 2 6.90
Mean (S.D.) 3.03 (0.82) 3.79 (0.56)
N=29
Findings

Findings indicated that participation in a virtual PD institute
positively influenced teachers’ knowledge and confidence as
well as application of learning into practice. Further, teach-
ers valued many aspects of the virtual PD.

Impact of Virtual PD on Teacher Knowledge
and Confidence

Survey data provide insight into teachers’ knowledge, skills,
and confidence in CS. An item on the post survey asked par-
ticipants to rate their knowledge and skill in CS both before
and after participation in the virtual PD institute (Table 4).
Results indicated self-reports of growth. The mean rating
before the PD was 3.03 (SD = 0.82) compared to 3.79 after
the PD institute (SD = 0.56). A paired samples t-test indi-
cates that this difference is significant, t (28) = -5.93, p(two-
tailed)<0.001. After participation in the virtual PD institute,
every participant rated themselves at least average with the
largest group (65.5%) selecting “above average.”
Post-survey responses also indicated higher confidence
teaching CS principles (Table 5). Specifically, participants’
ratings of their confidence in teaching CS skills overall, as

well as teaching skills related to each CS principle, were
higher on the post-surveys compared to the pre-surveys.
All increases were statistically significant. The largest gain
was seen for the principle of programming, and the highest
ratings both before and after participation in PD were for
creativity.

Surveys and interviews also provide some qualitative
insight into how participants gained knowledge, skills, or
confidence related to teaching CS. Specifically, as they
described their PD experience, participants often indicated
how their own understanding had grown or how they now
felt more confident or equipped to bring CS concepts into the
classroom. For example, one teacher contrasted the summer
institute to a previously attended PD opportunity:

[In another workshop] I feel like I didn’t learn any-
thing. I was just sitting there. And this time I did learn
things. I do have materials for planning my entire year
next year. And I feel like I have a foundation to start
with. When [cybersecurity presenter] shared resources
with us, I told her, ‘I’ve been a year researching...and
I couldn’t find anything I really liked.’

Participants brought varied prior experience related to
CS (see Table 2) but the data suggest that both novices and
veterans reported growth in their knowledge and confidence.
For instance, survey comments focused on CS content as the
best aspect of the institute came from someone calling her-
self “a VERY NEW beginner in the field” and from someone
who appreciated “understanding advanced computer science
information.” Some participants identified specific CS con-
tent or topics they appreciated learning, especially artificial
intelligence and cybersecurity, as well as programming with
specific tools, such as Micro.bits and Scratch.

Table 5 Confidence before and

o Items Pre Mean Pre SD Post Mean Post SD t df P (two-tailed)

after PD institute - results of

paired sample T test I feel confident teaching . . .
CS Skills Overall 3.25 1.11 4.04 0.64 -5.28 27 <0.001

I feel confident teaching CS skills related to . . .

Creativity 3.39 1.13 4.21 0.57 -4.12 27 <0.001
Abstraction 2.82 1.06 3.68 0.67 -4.34 27 <0.001
Data 2.86 1.01 3.68 0.72 -4.80 27 <0.001
Algorithms 2.71 1.15 3.64 0.95 -5.23 27 <0.001
Programming 2.82 1.09 3.89 0.96 -5.39 27 <0.001
Internet® 3.22 1.05 4.11 0.80 -5.45 26 <0.001
Impacts of CS 3.14 1.30 4.11 0.83 -5.31 27 <0.001

N=28 except ¥(N=27)

1 = strongly disagree to 5 = strongly agree
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Table 6 Code distribution in lesson plans

Code Lesson Plan Applications
N %

CS Principles
Algorithms 15 68.18
Programming 13 59.09
Abstraction 7 31.82
Creativity 7 31.82
Data 4 18.18
Internet 3 13.64
Impact of CS 2 9.09

Pedagogy
Collaborative Learning 12 54.55
CS Inquiry 11 50.00
CS Unplugged 6 27.27
Scaffolding - Use 3 13.64
Scaffolding - Modify 3 13.64
Scaffolding - Create 8 36.36

Application of CS Content and Pedagogy
in Conceptual Lesson Designs

Participation in a virtual PD institute helped teachers form a
conceptual understanding of CS and take steps toward infus-
ing CS in their lesson plans. The construction of lesson plans
was guided by the CS standards teachers selected based on
relevance to their learning goals and outcomes. As shown
on Table 6, teachers were able to articulate their understand-
ing of CS by integrating CS principles and CS pedagogical
strategies into their conceptual lesson plans.

CS Principles

Teachers incorporated all seven CS principles into their les-
son plans. The most frequently used principles were pro-
gramming (N=13), algorithms (N=15), abstraction (N=7),
and creativity (N=7). Jane and Emma, who taught at the
same public elementary school, planned to use Scratch to
promote programming and student creativity. Specifically,
after having students investigate the various functions of
Scratch, they planned to have them program an animation
to creatively introduce themselves. In another lesson, Lena
utilized algorithms as a way of guiding students through
cryptography. Lena’s plan placed students in small groups to
encrypt and decrypt messages based on codes they created.
Kara’s lesson utilized algorithms through CS unplugged.
In this lesson, students were to write instructions for their
classmates related to making a paper plane, which they
tested and modified. The least frequently used principles
were data (N=4), Internet (N=3), and impacts of computing
(N=2). Bianca, for instance, merged social studies with CS

——
4 =274

to create a lesson plan about the importance of data and how
to manipulate them. The goal was for students to clean, filter,
and slice a dataset about world happiness on Google Sheets
to create visuals based on student-generated questions.

CS Pedagogy

Analysis revealed the integration of four CS pedagogical
strategies into lessons — collaborative learning, CS inquiry,
scaffolding, and CS unplugged. These strategies are critical
for addressing equity concerns (Goode et al., 2014). Col-
laborative learning was the most commonly used strategy
(N=12). Specifically, teachers planned to use strategies such
as pair programming or group work to promote collabora-
tion. For instance, Sue’s lesson configured learners in pairs
to create a skit on Scratch using world languages. Simi-
larly, CS inquiry was also commonly found in lesson plans
(N=11). Teachers’ lessons frequently encouraged students
to experiment with programming through open-ended tasks.
Sam’s lesson, for example, engaged students in reviewing
programming concepts as a way of developing sequences
and simple loops to address problems using java script. The
goal was for students to engage with a video-game task in
order to navigate a hero character through various challenges
using efficient strategies.

Results indicated that teachers (N=14) integrated three
types of scaffolding in their lesson plans to support CS
instruction, reflecting the use-modify-create framework
(Lytle et al., 2019). Specifically, some lessons started with
using pre-existing artifacts, such as an algorithm or CS
resource (N=3). Emma, for instance, designed a cybersecu-
rity lesson that engaged students in decoding hieroglyphic
messages as a way of understanding how to use code to write
and send messages. The next scaffolding phase involved
using and modifying pre-existing artifacts to suit students’
needs as designers (N=3). In this phase, Emma’s lesson
asked students to practice writing and modifying hieroglyph-
ics to produce coded messages. The final scaffolding phase,
create, moved students away from using and modifying
existing artifacts to creating new ones (N==8). In this phase,
Emma’s lesson engaged students in creating strong Internet
passwords based on lessons learned from encrypting and
decrypting hieroglyphic messages with their peers.

CS unplugged was the least incorporated strategy
(N=6). While some lessons were built entirely around CS
unplugged, others incorporated unplugged activities as a
way to introduce the lesson and relevant concepts without
the use of technology. For example, Holly created a pro-
gramming lesson using Micro:bits. Prior to coding, Holly’s
lesson had students work in pairs to explain the rules for
playing the popular game of rock, paper, scissors following
a step-by-step approach (i.e., algorithm). Students were to
compare and troubleshoot any missing or confusing steps,
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replicating the Micro:bit activity. Using pair-programming,
students were to subsequently program their devices to play
rock, paper, scissors and keep track of scores on Google
Sheets.

Teachers’ Use/Plans to Use New Resources
and Strategies from the Virtual PD

In interviews, teachers expanded on classroom implemen-
tation of resources and strategies they had learned in the
virtual institute. Of the 17 individuals interviewed, 14 could
describe an activity that they had implemented or planned to
implement with their students or a strategy or resource they
had discovered. A difference between the cohorts is relevant
here. Interviews for the fall 2020 cohort occurred in spring
2021, allowing more time for actual implementation, while
interviews for the summer 2021 cohort occurred shortly
after the PD institute. Thus, it is not yet known whether
their plans for implementation were carried out.

Most frequently, what had been implemented entailed
projects using the Scratch programming language:
“[Scratch] was the only thing I actually used in practice.
We used Scratch and they had to tell a story about them-
selves and how the pandemic was affecting them personally.”
One participant described implementing a CS unplugged
“barcode activity for teaching algorithms.” This activity,
introduced during both institutes, helps teachers understand
how the barcode checkout system works. Another teacher
described learning strategies for successfully implementing
Code HS curricula (although they noted these ideas came
from informal discussion, not planned agenda items): “There
were some other teachers that were using it, and that sharing
of ‘how did you make this work? How do you work around
that?’”

When summer 2021 participants described concepts they
planned to bring into the classroom in 2021-22, the most
common were artificial intelligence (AI), programming with
Micro:bits, and cybersecurity. There were many mentions of
CS curriculum resources including Code.org CS unplugged
activities. Two differences were observed in teachers’ nar-
ratives. First, some participants simply listed topics (e.g.,
“well, Micro:bits are cool”) without providing adequate
context related to their implementation, while others laid
out concrete and elaborated plans: “we’re going to go over
the negatives and the positives of AIl. We’re going to teach
Al and [their final project] will be to create a presentation
choosing something in real life that could be addressed with
Al”

Second, interviews included a mix of teachers who were
new to the virtual PD institute and those with experience in
prior years (face-to-face). Newcomers were more likely to
identify model resources or strategies while veterans usually
spoke in terms of enhancing or deepening existing practices,
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including ideas they had previously gleaned from the insti-
tute. For instance, a first-time participant said, “some of the
activities with different programs that were shared, I can
utilize and change up ways in which I do certain things to
make it fun for students. So, utilizing Scratch for instance, to
help my students introduce themselves.” A veteran planned
to “continue using the Explore model that Code.org uses for
having students explore some of the program..[and] practices
that we’re already using as far as pair programming” but to
also strengthen another pedagogy “really taking the time to
sit down and give the students the opportunity to summarize
what they’re doing.”

Although it was not an explicit question, many teachers
raised the pandemic context. Most fall participants described
how Covid-19 had constrained their classrooms and their
prospects for implementation of ideas from the PD. These
challenges included virtual or hybrid environments, short-
ened or canceled CS class time, and limitations on group
work or shared supplies including technology. Summer 2021
interviewees were generally hopeful about the return to in-
person learning but were unsure about what protocols would
be in place and the implications for CS instruction.

Valuable Elements of Virtual PD

Participants’ ratings of the overall institute quality were
strong. Everyone who completed a post-survey (N=30) rated
the institute “average” or better (M=4.45, SD:0.63), and
over half (51.7%) called it “excellent.” Further, participants
rated almost every aspect of the PD positively (see Table 7).
Out of 18 statements, 16 had average ratings of at least a
4.00, meaning an overall level of agreement. Only ratings
of facilities and time did not (likely reflecting limitations of
the online environment, discussed below). The highest-rated
items pertained to relevance and learning.

When teachers identified what they found most valuable
about the PD on the post-survey, 6 common themes emerged
(see Table 8). Many recurred in interviews, with participants
emphasizing the importance of (a) exchanging curriculum
ideas, tools, and resources; (b) professional collaboration
and networking; and (c) learning CS content. These themes
were highly interwoven.

Teachers reported gaining insight into new resources and
tools, as well as learning “practical tips” for teaching CS.
One wrote, “Every workshop offered a real opportunity to
implement what we learned in our classroom.” An inter-
viewee pointed to the sessions on cybersecurity and artifi-
cial intelligence, saying both facilitators “had very useful
resources, so [ could just pick it up and I could start teaching
it.” Another — also referencing cybersecurity—commented:
“I didn’t know about that, and I'm like, ‘oh, I want that!’
Because that will get the kids to understand!” Generally,
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I::(:EZCkVirtual PD institutes Statement Mean sSD
I can use this training to positively impact the achievement of my students. 4.63 0.49
The intent of the workshop is relevant to my professional responsibilities. 4.60 0.50
The facilitators helped me understand how to implement my learning. 4.50 0.51
This workshop will extend my knowledge, skills, and performances. 4.57 0.50
This workshop was tailored to meet my needs as a learner. 4.40 0.67
The facilities were appropriate for the activities. 4.03 0.81
The facilities were conducive to learning. 3.97 0.81
The workshop was supported by effective/appropriate use of technology. 4.47 0.51
New practices were modeled and thoroughly explained. 4.23 0.73
Sufficient time was provided for guided practice and tasks. 3.90 0.80
The facilitators were knowledgeable and helpful. 4.57 0.50
The facilitators were well prepared. 4.43 0.57
The instructional techniques used facilitated my learning. 4.53 0.57
The materials used were accessible and enhanced my learning. 4.50 0.57
The workshop’s activities were carefully planned and organized. 4.43 0.57
The workshop’s goals and objectives were clearly specified. 4.43 0.57
The workshop included a variety of learning activities relevant to the topic. 4.53 0.57
Time was used efficiently and effectively. 4.47 0.51

N=30

1 = strongly disagree to 5 = strongly agree

Table 8 Most valued aspects of the virtual PD institutes

Post-Survey Theme Number Percent
Learning new resources, tools or strategies 13 48.2
Peer support/network 12 44.4
Computer Science content 11 40.7
(in general or specific topic)

Facilitators 4 14.8
Chance to model or explore lessons 3 11.1
Breakout rooms 2 74

N=27. Some responses mentioned more than one theme

participants found a strong match between the institute’s
resources and their students’ needs.

Sharing resources in this way also nurtured collaboration
and professional relationships. One teacher wrote, “Hearing
other teachers’ ideas and experiences helped to give me a
better understanding of ways I could use certain activities/
ideas in my classroom.” Another explained how the institute
helped break down the isolation often experienced by CS
educators:

I love being able to communicate with other educators
that are in the same computer science field because
often you are kind of alone when you’re in these
schools. You know, [if you teach] math, you can talk
to all the other teachers that are teaching math . . . but
technology [cannot do that].

The challenging context of Covid-19 made peer support
especially important. For instance, one teacher valued “lis-
tening to other educators and how they are teaching during
a pandemic.”

Breakout rooms allowed teachers to deepen their CS con-
tent knowledge and work with those with similar teaching
contexts or interests. For example, one high school teacher
valued being able to “sit down and actually practice some
of the lessons that we’re getting ready to do in the AP Com-
puter Science Principles.” Parallel sessions also offered
variety: “It wasn't like you just had one track to follow. You
could bounce around between different rooms, and find out,
get more information.” This ability to “bounce around” with
a single click was one affordance of virtual PD. The virtual
format also increased access, especially for geographically
far-flung participants, and some found it convenient and pro-
ductive. One teacher who had attended both formats found
online “more focused with fewer distractions. It seems, when
we're all in a room together, not that I don't want other peo-
ple to speak, but sometimes we go off the rails.”

Yet the data also reveal the constraints of online PD.
Some teachers were simply “sick of [virtual]” or felt that
“obviously in person is better.” Others found learning CS
concepts through a screen challenging and felt that in “face-
to-face...you can get better understanding.” Finally, virtual
PD was by necessity shorter in scope and duration than the
face-to-face institute. Some participants expressed the need
for more time or a slower pace.
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Discussion and Implications

Despite growing attention to PD, we continue to know little
about the CS concepts that teachers succeed or struggle with,
the pedagogies they engage with, their self-efficacy, and the
manner in which they apply PD learning into their practice
(Pollock et al., 2017; Rich et al., 2021). Findings from this
work indicated that the virtual PD institutes achieved sev-
eral important successes, despite highly demanding circum-
stances and the complexities of the pandemic. Specifically,
teachers reported increased confidence and preparation to
teach CS, particularly regarding programming and algo-
rithms. These findings could be attributed to the increased
attention of the virtual institutes on foundational concepts
related to programming and algorithms. Building teachers’
confidence in foundational CS concepts, such as program-
ming and algorithms, is key to their future success; litera-
ture suggests that the most common challenges noted by CS
teachers is their own CS subject matter knowledge (Sadik
et al., 2020; Sentance & Humphreys, 2018).

Further, analysis of conceptual lesson plans indicated that
teachers incorporated CS principles in their curricula. The
most widely utilized principles again included programming
and algorithms while CS principles related to abstraction
and creativity were more limited. These findings are not
surprising since these concepts received less attention dur-
ing the virtual institutes. Further, extensive practice with
programming may be needed before teachers feel confident
implementing projects that rely on abstraction (Rich et al.,
2021). Data, Internet, and impacts of computing received
even less attention. However, impacts of computing were
typically woven in lessons in the form of pedagogy. In
fact, lesson analysis indicated that all teachers included CS
pedagogical strategies including collaboration, inquiry, CS
unplugged, and scaffolding. Research indicates that such
practices are critical for addressing equity concerns, engag-
ing students with real CS learning, and broadening participa-
tion in computing (Goode et al., 2014).

Similarly, interview data revealed that several teachers
applied content, pedagogy, and technology modeled dur-
ing the PD in their classrooms following their participation
in the virtual institutes. This finding is important given the
increased focus on core content area instruction during the
pandemic. Some teachers, however, described implemen-
tation challenges associated with the pandemic, including
time constraints. This finding is consistent with other reports
which indicate that teachers temporarily suspended CS
instruction during the pandemic (Code.org et al., 2021). Of
those teachers who applied PD learning into practice, novice
teachers utilized more resources or strategies shared dur-
ing the institutes while more experienced teachers focused
on deepening existing practices. This finding is consistent
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with research indicating that teachers typically adopt, use,
and modify PD content and pedagogy depending on their
cultural and social contexts (Grossman et al., 1999). Spe-
cific to CS, findings are consistent with prior work indicat-
ing different approaches to the uptake of CS content and
pedagogy introduced during the PD (e.g., Jocius et al., 2021;
Rich et al., 2021).

Finally, results indicated that participant satisfaction
remained generally high and all data sources point to the
particular value that participants found in the PD commu-
nity of CS educators. The opportunity to collaborate and
share resources and ideas was also important. Some veterans
expressed gratitude that the community was able to recon-
vene during the pandemic. These findings are consistent
with prior research which indicates that teachers find value
in collaborating and networking with peers (e.g., Goode
et al., 2020). Further, the opportunity to learn new CS con-
tent was highlighted by participating teachers , both new
and returning, indicating the need to differentiate instruc-
tion through multiple tracks or break out sessions that allow
teachers to continue building their expertise.

Implications for Practice

Findings from this work have implications and can inform
the design of effective online CS PD programs aimed at
broadening participation in computing. Specifically, two
implications for practice are evident.

Differentiate Instruction Findings indicate that participants
expressed greater interest for breakout sessions and curricu-
lum resources that closely match their teaching context and
level of experience. If participants are welcome to return to
the PD for multiple years, it is important that they are able
to engage in continuous and sustained learning and explora-
tion of new materials, tools, and resources. Similarly, novice
teachers should be allowed the time and space to learn foun-
dational skills and feel confident about their ability to engage
diverse students in CS. Research indicates that teachers who
are confident in their ability to teach CS are better equipped
to implement PD learning into practice and spark their stu-
dents’ interest in CS (Code.org, 2018; Google Inc. & Gallup
Inc. 2016). Towards this end, providing choices through par-
allel sessions that help teachers deepen their understanding
of both content and pedagogy is important. In this work, we
created different tracks to continue supporting experienced
teachers. Further, our help desk in the summer of 2021 was
intended to provide a resource for those teachers who needed
extra support throughout the PD.

Capitalize on the Strengths of Online Instruction and Strate-
gize about its Constraints Like other scholars (e.g., Jocius
et al., 2021), we were initially concerned that transitioning
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our face-to-face institute into a virtual format would limit
participants’ opportunities to learn and openly share prac-
tices. However, findings indicated that teachers valued sev-
eral online components, including the flexibility to move
from one breakout room to another as well as share and col-
laborate with other teachers. Further, the online format ena-
bled participants from different regions of the state to attend
and enriched the diversity of experiences shared within the
group. It was reassuring that almost 50% of teachers reported
peer collaboration as their most valued aspect of the virtual
institutes. Nonetheless, it is important to note that many par-
ticipants met each other in prior face-to-face PD offerings
and had the opportunity to build community. Therefore, just
like the PD reported by Goode et al. (2020), the social pres-
ence created throughout the institutes had its foundations in
the face-to-face meetings.

Despite the successes, engaging teachers in hands-on
programming activities was more challenging online and
it frequently took longer to troubleshoot and support nov-
ices. Towards this end, just-in time support should be readily
available through private meeting rooms that make it easier
for novices to voice their questions. Further, online videos
and other code visualization tools could be useful for build-
ing teacher knowledge of foundational CS concepts (Qian
et al., 2018).

Implications for Research

As noted, the background and CS preparation of teachers
participating in the virtual institutes varied and our find-
ings did not differentiate based on teacher characteristics.
Future research should examine how teacher background
characteristics, such as CS knowledge, confidence in teach-
ing CS, prior PD experiences, and initial preparation, may
influence their PD experiences. Given that most CS teachers
come from different disciplines and backgrounds, identify-
ing how PD experiences influence diverse sets of teachers
is key. Similarly, examining whether PD experiences dif-
fer based on whether teachers teach standalone CS courses
compared to integrating CS in other disciplines will also be
important. Furthermore, future research should examine the
manner in which teachers apply sound pedagogical strate-
gies in their classrooms, including strategies that connect
with the realities of the pandemic. Many of the examples
provided by teachers regarding applications of computing
to address impacts and community-based issues pertained
to the pandemic (e.g., computing applications that facilitate
contact tracing). Therefore, to sustain student CS engage-
ment in the immediate future it may be valuable to identify
ways in which the teaching of CS can connect to community
issues associated with the ongoing Covid-19 pandemic.

Limitations

There are three limitations associated with this work; one
related to the PD and two related to the research itself.

PD Limitation We recognize that the virtual institutes pro-
vided a marginally sufficient number of hours recommended
by best practices in teacher PD. Specifically, research indi-
cates that short PD experiences lasting less than 14 hours
show no statistically significant effect on student learning
(Darling-Hammond et al., 2009). Further, PD associated
with increased student achievement typically spreads out
over 6-12 months. While our virtual institutes included
approximately 15-20 hours of synchronous, asynchronous,
and independent work, these hours were not spread out over
time and could not include the year-long follow-up support
available during the face-to-face PD institute. Although we
documented positive outcomes as a result of teachers' par-
ticipation in a virtual PD institute, at this time we do not
have evidence of sustained implementation of CS in prac-
tice. However, it is notable that 21 participants engaged in
continuous PD through their participation in our prior face-
to-face institutes, in some cases over multiple years.

Research Limitations Participating teachers included a com-
bination of experienced and novice CS teachers. Due to the
small sample size our analysis did not disentangle findings
based on prior experience or PD participation. Additionally,
interviews for summer 2021 participants were completed at
the end of the institute. Therefore, it is not known whether
participants applied learning from PD in their classrooms
following their participation in the summer institute.

Conclusion

As the interest in CS education is growing, there is enor-
mous pressure among K-12 systems to offer CS course-
work. However, there is tremendous need for K-12 teachers
with the background, preparation, and experience needed
to teach CS using pedagogical practices found to broaden
participation in computing. While research on face-to-face
PD programs with the potential to impact teacher learning
and practice has recently emerged, the Covid-19 pandemic
necessitated changes in the manner in which such programs
were delivered. With the continuous challenges and uncer-
tainty of the pandemic, it becomes essential to examine
how online PD approaches can leverage the affordances of
technology to prepare CS teachers. In this paper, we exam-
ined teacher outcomes as a result of their participation in
virtual PD institutes. Findings indicated that teachers ben-
efited from participation in the virtual institutes improving
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their confidence in teaching CS, application of CS in lesson
designs, and implementation in practice immediately fol-
lowing their participation. Further, findings point to impli-
cations for the effective design of online PD which helps
build teachers’ understanding of CS content, pedagogy, and
technology.
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