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Grounded in transformative teacher development through the curriculum-based
professional learning (CBPL) approach to teaching-learning, this exploratory study
surveyed the computational thinking (CT) views of 25 in-service teachers before and
after their CT professional development programme workshops. Multivariate outcome
multilevel cross-classification analysis showed that after their workshops, these teachers
changed their CT knowledge, CT attitudes, CT beliefs, and CT teaching self-efficacy.
Teachers reporting greater CT knowledge than others felt greater overall CT teaching
self-efficacy, including for both plugged and unplugged CT activities. Moreover, teachers
who reported a school culture of sharing and teamwork or sufficient school resources for
CT activities were more likely than other teachers to have greater teaching self-efficacy
for plugged CT activities or CT activities overall. These results highlight the importance
of school culture, school technology resources, and teachers’ reported CT knowledge
to their CT teaching self-efficacy.

Keywords: computational thinking, curriculum-based professional learning, learning design, preschool teachers,
early childhood education, attitudes, beliefs, teaching self-efficacy

INTRODUCTION

As computational thinking (CT) become increasingly important to more jobs (Bull et al., 2020),
more countries are incorporating CT into their school curricula often mandatory (Gretter and
Yadav, 2016; Sands et al., 2018; Li et al., 2020). However, early childhood education (ECE) research
on CT is still in its infancy (Angeli et al., 2016), with no consensus on the definition of CT or how to
teach it in ECE. Still, educators generally agree that professional development is crucial to helping
teachers teach with CT activities (Barr and Stephenson, 2011; Bower et al., 2017; Yadav et al., 2017).

Past studies show that teacher professional development programs (PDP) for CT
can help teachers gain an understanding of the subject and foster favorable attitudes
toward teaching with CT activities (Hestness et al., 2018; Ketelhut et al., 2020; Rich
et al, 202la), but teachers without prior CT experience acquired only superficial
CT understanding (Bower et al, 2017). However, short PDPs (50 min to 6 h) did
not increase teachers beliefs in their ability to plan and execute actions to achieve
specified goals (self-efficacy, Bandura, 1977), change their negative beliefs about CT
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(Rich et al, 2021a), or adequately prepare teachers to teach
with CT activities (Bower et al., 2017). Hence, teacher PDP
to help them develop both CT knowledge and CT teaching
effectiveness requires (a) alignment to their CT curriculum
(Darling-Hammond and Richardson, 2009), (b) embedding into
their teaching (e.g., learn-by-doing, apply CT activities into their
teaching; Bayar, 2014; Darling-Hammond and Richardson, 2009
(c) peer support (Villegas-Reimers, 2003; Darling-Hammond
and Richardson, 2009; Bayar, 2014), and (d) longer, intensive,
ongoing, systematic training (Dori and Herscovitz, 2005;
Darling-Hammond and Richardson, 2009). Furthermore, a
supportive school culture for the PDP enhances its effectiveness
(Avalos, 2011).

Considering these findings from past studies, we proposed,
designed and implemented curriculum-based professional
learning (CBPL) (Short and Hirsh, 2020), PDP to help 25
teachers integrate CT into their curriculum and teaching (not
a stand-alone CT subject). This study explores the impact of
this PDP on 25 participating teachers’ CT knowledge, attitudes,
beliefs, and CT teaching self-efficacy.

CURRICULUM-BASED PROFESSIONAL
LEARNING PROGRAM

We begin with the theoretical framework undergirding the CBPL
program. Then, we specify its implementation.

CBPL Theoretical Framework

According to the CBPL approach, high-quality curricular
resources and active instruction experiences help teachers
improve their knowledge, attitudes, beliefs, and teaching to
improve their students’ learning outcomes (Short and Hirsh,
2020). Curriculum-driven professional development is more
focused and intentional than otherwise (Wong and Tsui,
2007). Mutually supportive schools, districts, and professional
development providers can further improve teachers’ teaching
(Akinyemi and Nkonki, 2020).

Curriculum-based professional learning includes four
design features: core, functional, structural and essential (Short
and Hirsh, 2020). Following Mishra and Koehler’s (2006)
technological pedagogical content knowledge (TPACK) framework
for teacher knowledge, core design features (curriculum,
transformative learning, equity) develop preschool teachers’
shared understanding of CT concepts and their relevance to
daily life, pedagogical content teaching skills, and diverse lesson
activities (both plugged and unplugged). Transformative learning
experiences introduce new teaching materials (e.g., videos) that
teachers use during the PDP and then with young learners in
class, thereby helping teachers enhance their perceptions, beliefs,
and self-efficacies. To promote equity, the PDP uses culturally
and developmentally appropriate integration of CT into ECE.

Functional design features of PDP includes learning designs,
reflection/feedback, beliefs, and change management. The
learning designs introduce CT integrated curriculum with peer
teachers, who implement and mirror pedagogical strategies
with digital tools to teach CT. Reflection and feedback

enhances teachers’ practical skills with these tools. As teachers’
competences grow, PDP cultivates change in their teaching
beliefs. PDP also helps teachers become change agents and
manage their changes to enhance their CT integrated classroom
practices and scaffold student learning.

Structural design provide regularity and increase consolidation
of learning. Grounded in constructionist learning theory
(Csizmadia et al., 2019), teachers collaborate to plan, implement,
and assess new CT teaching materials and lessons for effectiveness
and sustainability. Over time, they adapt their teaching practices
to their students’ needs.

Essential elements are leadership, coherence, and resources.
PDP helps groups of leaders and teachers develop a shared,
long-term vision for school-wide CT integration. Furthermore,
they build networks with other schools implementing CT for
mutual sharing and support. With sufficient resources, they can
build sufficient material (e.g., Beebots) and staft capacity for
CT implementation.

CBPL Implementation

The CBPL training course includes six workshops across
6 months and a summer training institute for participants
to apply their workshop ideas to teaching students. The first
workshop helps teachers understand the critical dimensions of
Brennan and Resnick’s (2012) CT framework: key ideas (e.g.,
iteration, parallelism; computational concepts), computer scientist
actions (e.g., debugging projects; computational practices),
and computer scientist views of the world (computational
perspectives). In this workshop, teachers learned about CT
components via daily life problem-solving activities and a
related short video. They learned terms such as “loops,
“conditionals,” and “variables” within simple computer program
structures. Then, they explored links between CT components
and the ECE curriculum via brainstorming and discussion.
Next, they reflected on CT’s educational purposes and made
recommendations for excellent CT instruction. We encouraged
their use of CT within a suitable educational philosophy and
ECE learning environment. The first workshop promoted open
discussion around questions such as these (rather than simply
giving answers):

1). Does young children’s involvement in CT activities imply that
the ECE learning environment should include CT?

2). If children engage in plugged or unplugged CT-related
activities, can we presume that are excited to learn more?

These teachers considered five CT uses.

1. CT to learn recent technological developments (e.g., use
CT to teach technology and robotics principles, such as
computer programming);

2. Integrated view of CT (e.g, use CT to consolidate
understanding in other curriculum areas, such as language,
digital literacy, mathematics);

3. Challenge students’ thinking (e.g., use CT to strengthen
children’s capacity to solve problems and plan strategies);
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4. Use CT to develop metacognition (e.g., use CT to increase
children’s capacity to reflect on their learning and extend
their scientific inquiry);

5. Address psychological and motivational needs (e.g., use CT
as a learning environment to reduce anxiety and fear of
mistakes; increase motivation and self-esteem).

The second workshop enhanced teachers’ pedagogical
understanding of computational concepts, practices, and
perspectives via hands-on practice. Teachers examined data
practices, modeling, simulation practices, computational
problem-solving practices, and systems thinking activities.
To understand and apply these practices to ECE, they
collaborated in groups to solve CT problems involving the
programming of Beebots, Cubetto, Robo_Wunderland, and
Scratch]r (artifact-based learning, Bairaktarova et al., 2012).

These teachers also developed "activities . . . to engage a variety
of audiences with great ideas from computer science and CT,
without learning coding, programming or even using a digital
device" (unplugged CT, Bell and Vahrenhold, 2018, p. 497; T.
Bell et al., 1998). These activities incorporate games, puzzles,
stories, challenges, and rich sensory experiences (see examples
at Hello Ruby; code.org; ACARA; CS Unplugged, Bell, 2021).
Unplugged activities are inexpensive, accessible, and require few
resources (Lee and Recker, 2018). Unplugged CT promotes its
development by complementing programming, integrating it
into other topics, and scaffolding teachers and students, serving
as a "priming phase" before programming to increase students’
awareness of algorithmic stages (Huang and Looi, 2021). By using
familiar materials and concepts, unplugged CT such as paper
circuitry activities "provide multiple entry points for students
less familiar with computational thinking concepts” to learn
algorithmic thinking, conditional logic, debugging, etc. (Lee and
Recker, 2018). Lastly, these teachers wrote reflections on how
their understanding and teaching of CT changed.

The third workshop cultivates teacher beliefs to support
their CT teaching via group exploration and application. As
participating teachers discuss, understand, implement, and assess
CT teaching practices, they appreciate their effectiveness and
sustainability, which enhances their beliefs and attitudes about
effective CT teaching (Bower et al., 2017; Yadav et al., 2017;
Corradini et al, 2018). Notably, they increase their belief in
their capacity to act and accomplish teaching goals (teaching self-
efficacy, Bandura, 2000). They created a bank of design scenarios
and resources for teaching and assessing the CT learning of young
children. Challenged to develop suitable CT activities for ECE,
these teachers created compelling practical application scenarios.

We encouraged these teachers to use a scientific approach to
these activities that encourages students to identify a problem,
present a hypothesis, conduct an experiment, analyze the results,
discuss their perspectives, generalize the findings, and revise
accordingly (Merrill, 2002). Below are examples for various age
groups based on their usefulness, availability, affordability, and
variety in the local market (not tied to any one robotic platform):

Pre-nursery (2-3 years): Unplugged CT.
K1 (3-4 years): Unplugged CT, and Robotics.

K2 (4-5 years): Unplugged CT, Robotics, and Digital apps.
K3 (5-6 years): Unplugged CT, Robotics, Digital
apps, and Scratch]r.

Rather than prescribe best practices, our course sought to
equip teachers with tools to identify best resources and practices
for each plugged or unplugged activity. For example, we revised
Kemp’s model of instructional design (Kemp, 1985) to highlight
nine key elements in each activity’s development:

1) Determine  specific and
concerns related to CT.

2) Determine the key features and needs of students to
consider while planning CT learning experiences.

3) Develop a clear understanding of the CT lesson content
and examine the proposed activity components for
CT learning goals.

4) Specify the CT instructional objectives and expected
outcomes to design suitable CT activities.

learning  objectives

5) Logically present the CT content for each
instructional element.
6) Develop CT instructional strategies that facilitate

students’ attainment of learning objectives and enhance
their proficiency.

7) Construct the CT instructional materials and choose the
most effective delivery.

8) Develop CT instruments to assess students’ progress
toward objectives.

9) Select appropriate CT resources (time, materials, and class
organization for the activities) to aid in teaching and
learning processes.

In the fourth and fifth workshops, groups of teachers
collaborated to iteratively design shared CT curricula and
lessons for ECE based on their school’s available resources and
culture; and the capabilities, dispositions, and predispositions
of both teachers and students (Seow et al., 2019; Kotsopoulos
et al, 2021). In this iterative design, they clarified their
representative modeling, CT processes and errors, and students’
errors, and then used this information to improve their lessons
and curricula (Fields et al., 2019). Based on Kemp’s (1985)
framework, we designed the CT integration resource bank so
that its structure emphasizes the critical CT components for
a lesson, including suitable in-house plugged, unplugged and
web resources. Teachers in the same grade level collaboratively
created lesson plans for CT integration; they identified supportive
resources for the CT content, designed a lesson plan, used
available materials, and presented it to other teachers (with
videos, PowerPoint presentations, documents, and photographs).
These complex lesson plans:

e Specified lesson topic/title and grade level of students.

e Described the background and rationale.

e Identified of the objectives and evaluation methods
for CT integration.

e Specified the needed resources and timeline.

e Described the use of unplugged or plugged resources.

e Described its implementation.
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The fourth and fifth sessions prepared teachers to design
a CT instructional project following theoretical orientation
(workshop 1), practical training (workshop 2) and exploration
(workshop 3). The research team evaluated and analyzed each
project, and gave the teachers feedback to help them reflect on
possible improvements.

The sixth workshop focused on teacher feedback and a
CT integrated curriculum. Specifically, teachers discussed key
obstacles to creating and teaching an effective lesson plan. They
shared CT teaching experiences, practical examples, and results
for young children at various ages.

Using a bottom-up approach, teams of teacher representatives
led the other participants to create a CT integrated curriculum
(Lassonde and Israel, 2009) and institutionalize it. Teacher
representatives developed further learning and teaching
resources (plugged and unplugged) to enrich 2 to 6-year-
old students’ learning activities, conduct reviews of activities
associated with age-appropriate CT integration (Bers et al., 2014),
shared best practices (Melasalmi and Husu, 2016), and enhanced
professional development for colleagues (Kermani and Aldemir
(2015). Also, they expanded their teacher networks within and
across schools, and strengthened partnerships with community
key players to attract support and additional resources for
long-term planning (Palts and Pedaste, 2020).

As a result of these CBPL workshops, we expect teachers to
improve their CT knowledge, beliefs, attitudes and self-efficacies.

METHOD

In this study, 25 kindergarten teachers participated in a CT PDP
and completed a pre-PDP survey and post-PDP survey. We used
a multivariate outcome, multilevel cross-classification to analyze
their survey responses: (a) for significant differences across pre-
and post-surveys, and (b) to test an explanatory model of their
CT teaching self-efficacy.

Participants
We wused a convenience sample. Of the eight invited
kindergartens, five kindergartens consented to conduct this PDP.
Due to COVID-19 delay, only two kindergartens participated
in this 6-month, school-site training programme at different
times (February-July 2021: 13 teachers, 1 principal, 1 curriculum
coordinator; June-December 2021: 13 teachers, 1 principal, 1
curriculum coordinator). Both kindergartens served 2.2 to 6-
year-old students. Figure 1 explains our participant recruitment
strategy and study protocol.

All 25 teachers are qualified and registered ECE teachers in
Hong Kong (see demographics in Table 1) and consented to
participate in this research.

Procedure

All 25 teachers participated in six, 2-h CT PDP workshop
sessions, and then taught CT to students aged two to 6 years
during either a 6-week summer school or a 2-week camp.
All of them wrote reflections at the end of each workshop.
All participants confirmed that they did not engage in other

workshops during this time. All teachers responded to pre-
workshop surveys, and 21 of them completed the post-workshop
survey. All teachers were interviewed after the sixth workshop.

Data

Statistical power differs across levels. For a = 0.05 and an effect
size of 0.4, statistical power for 25 people is 0.52 and for 46 survey
completions across time is 0.80 (Konstantopoulos, 2008). As this
small sample has low statistical power, false negatives are likely,
but significant results remain valid.

Survey

The  pre-workshop  survey included the following
fourteen definitions and thirty-three knowledge altogether
forty-seven items.

Teacher beliefs about Computers and Computational
Thinking (Rich et al., 2021a) has three subscales: (a) value beliefs
(CT belief, 2 items; e.g., All students should learn CT); (b) value
beliefs for teaching coding (CT attitude, 3 items; e.g., Interest
in teaching with CT/want to continually improve teaching
with CT) and (c) CT self-efficacy (7 items; e.g., I am ready to
teach plugged/unplugged CT activities). All items had 5 point
Likert-type scales, unless indicated otherwise. CT value belief
response options ranged from “1-Strongly disagree” to “5-
Strongly agree.” CT self-efficacy items response options ranged
from “I- extremely unconfident” to “5-extremely confident.”

The post-workshop survey was identical to the pre-workshop
survey, except for these additional open-ended questions:

1. Define computational thinking in your own words.
2. Is it possible to integrate computational thinking into the
ECE classroom? Yes/ No.

a. How would you incorporate computational thinking
into your ECE classroom if you answered yes?

b. If not, why is it so difficult to integrate computational
thinking into the classroom?

Post is a dichotomous variable that indicates whether the data
are from the post-survey (value = 1; otherwise 0 for pre-survey).

Reflections

In the last 30 min of workshops, 2, 3, 5, and 6, participants
were prompted to write a short reflection (200-300 words) about
their: (1) understanding of CT developed in this phase, (2) CT
integration in ECE and (3) how they perceived the workshop
activities as helping (or not contributing) to their understanding
after that phase.

Semi-Structured Interviews

After the last workshop, each teacher individually participated
in 30 min, semi-structured interviews with a project leader who
asked the following questions:

1) What does CT mean to you?

2) What are your pedagogical strategies for developing ECE
students’ CT?

3) What technologies can be used to develop Kindergarten
students’ CT?
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Consent and
Enrollment

Consentand Pre-
workshop survey

N
eConvenience sampling. 8 kindergarten principals showed interest in the
programme in conversations with the first author during her school visits for
fieldwork supervision.
J
)
eInvited 8 kindergarten principals to complete consent forms, and 5 did so.
+COVID-19 school closures allowed program completion in only 2 kindergartens.
J
)
eTeachers completed consent forms and pre-workshop surveys
J

In and post-
workshops data
collection

*We collected data from workshop discussions, post-workshop reflections,
photographs, work samples of CT integrated environment design in ECE classroom,
lesson plans, post-workshop surveys, post-workshop interviews, and teacher and
student observations during Summer and Christmas programme execution.

FIGURE 1 | Recruitment strategy and study protocol.

4) What prevents you from developing your students’ CT?

5) What could help you develop your students’ CT?

6) How did participation in these workshops change your view
about integrating CT in ECE?

ANALYSIS

Survey Analytic Issues and Statistics

Strategies
Accurate analyses of these data must address issues involving
outcomes and explanatory variables (see Table 2).

Outcome issues include differences across teachers or across
time, discrete outcomes and multiple outcomes. As completed
surveys at the same time or by the same teacher likely resemble
one another more than those completed at different times or
by different teachers (cross-classified data), an ordinary least
squares regression underestimates the standard errors, so we use
a multilevel cross-classification analysis (Goldstein, 2011). For
ordered discrete outcomes (e.g., ratings), ordinary least squares
regressions can bias the standard errors, so we use an ordered
Logit regression (Kennedy, 2008). To aid understanding of these
results, we report the odds ratio of the regression coeflicient,

namely the percentage increase or decrease in the likelihood
of the outcome (Kennedy, 2008). Multiple outcomes can have
correlated residuals that underestimate standard errors, so we use
multivariate outcome multilevel analysis (Hox et al., 2017).

Explanatory variable issues include omitted variable bias,
indirect effects, cross-level interactions, many hypotheses’ false
positives, effect size comparisons, and robustness. As unspecified,
omitted explanatory variables can cause omitted variable bias
(Kennedy, 2008), we use a difference-in-differences analysis of
participants at different times to reduce this bias (Bertrand
et al., 2004). Separate, single-level tests of indirect mediation
effects on cross-classified data can bias results, so we test for
simultaneous multi-level mediation effects with a multilevel
M-test (MacKinnon et al., 2004).

With cross-classified data, incorrectly modeling interaction
effects across levels (e.g., survey response x teacher) can bias the
results, so we use a random effects model (Hox et al., 2017). If an
explanatory variable’s regression coefficient (e.g., Byvj = Byvo +
gyvj) differs across levels (gyvj # 07?), then we model the possible
cross-level moderation with structural variables (e.g., teacher).

As testing many hypotheses can cause false positives, we
reduce them via the two-stage linear step-up procedure; it
outperformed 13 other methods in computer simulations
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TABLE 1 | Participant’s demographics (N = 25).

Variable %
Gender

Female 84
Male 16
Age (years)

21-30 32
31-40 36
41-50 20
>50 12
Schooling

University degree 68
Certificate course 32

Years of teaching experience

<5 years 20
6-10 years 32
11-15 years 32
1620 years 12
>21 years 4
Current students

PN (2.2-3 years) 24
K1 (3-4 years) 32
K2 (4-5 years) 24
K3 (5-6 years) 20

TABLE 2 | Statistics strategies to address each analytic difficulty.

Analytic difficulty Statistics strategy

Outcome variables

o Multilevel cross-classification
(Goldstein, 2011)

o Logit / Probit and odds ratios
(Kennedy, 2008)

o Multivariate outcome multilevel
analysis (Hox et al., 2017)

o Differences across teachers
o Differences across time

o Discrete variable (yes/no)
o Multiple outcomes (Y1, Yo, )

Explanatory variables

o Indirect, multi-level mediation o Multilevel M-test (MacKinnon et al.,

effects (X —=M—Y) 2004)
o Cross-level interactions e Random effects model (Hox et al.,
(Time x Teacher) 2017)

e Many hypotheses’ false positives e Two-stage linear step-up procedure

(Benjamini et al., 2006)

o Compare effect sizes (B1 > Bo?) e Lagrange multiplier tests (Bertsekas,

2014)
e Consistency of results e Separate multilevel, single outcome
across data sets (Robustness) models

o Analyses of subsets of the data
(Kennedy, 2008)

(Benjamini et al, 2006). When testing whether effect sizes
differ, Wald and likelihood ratio tests do not apply at boundary
points, so we use Lagrange multiplier tests, which also have more
statistical power for small deviations from the null hypothesis
(Bertsekas, 2014).

Lastly, we test whether the results remain stable (robust)
despite small data or analytic differences (Kennedy, 2008). As

any mis-specified equation in a multiple outcome model can
introduce errors into otherwise correct equations, we model
each outcome variable separately. Then, we separately run
subsets of the data.

Pre- vs. Post-workshops Differences
We model each survey response to a question with a multivariate
outcome, multilevel cross-classification analysis (Hox et al., 2017).

Responseyit = By + eyit + fyr + ByxPosty (1)

In the vector of variables Response, the outcome variable
(response to survey question) y by teacher i at time t has a
centered intercept By with unexplained components (residuals)
at the response- and time-levels (eyit, fyt). Possible Response
outcomes y include define CT (algorithm, analytic ability, solve
as computer scientist, logical, problem solve), CT knowledge
(know CT, teach CT, teach CT to children, teach unplugged
CT), beliefs (all learn CT, effective teaching helps students
learn CT), attitude (interest, improve, attend training), self-
efficacy (overall CT teaching, plugged CT teaching, unplugged CT
teaching). Then, we test whether teacher responses to questions
on the pre-workshops and post-workshops surveys differ, as
indicated by the significance of the regression coefficient of Post,
namely Byx (see summary statistics Table 3 and the results in
Table 4).

CT Teaching Self-Efficacies
Next, we test whether school attributes or teacher characteristics
are linked to CT_Teaching_Self-efficacy.

CT_Teaching_Self-efficacy,;, = By + eyie + fr  (2)

In the vector CT_Teaching_Self-efficacy, the outcome variable
y (overall CT teaching self-efficacy, plugged CT teaching self-
efficacy, unplugged CT teaching self-efficacy) by teacher i at time
t has a centered intercept By with residuals at the response- and
time-levels (eyit, fyt)-

First, we add School variables: leadership, school culture
of sharing and teamwork, sufficient CT resources, technology
classrooms, and resources for technology training. Then, we
added a time variable: Post. Next, we added teacher beliefs
(T_Belief): all students should learn CT, and effective teaching
helps students learn CT. Afterward, we added teacher attitudes
(T_Attitude): interested in teaching with CT, continually find
better ways to teach CT, want more teaching training. Then, we
add teacher knowledge (T_Knowledge): know CT, know steps for
teaching CT, know CT for teaching ECE, and know unplugged
CT. Lastly, we added Interaction terms among significant
explanatory variables.

CT_Teaching_Self—eﬂicacyyit

= By + eyit + fyt + ByisSchoolyit + ByiuPostyit + Pyiv T_Beliefy;
+ByiwT_Attitudey; + ByixT_Knowledgeyit
+Byi.Interactiony;, (3)
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TABLE 3 | Summary statistics (N = 46).

Variable Mean SD Min Median Max
Define computational thinking (CT)

Algorithm 5.652 1.233 3 6 7
Analysis ability 5.5622 1.130 4 6 7
Computer program 5.326 1.367 2 6 7
Computer scientist solving process 5.413 1.343 3 6 7
Digital literacy 4913 1.208 2 5 6
Digital skills 4.913 1.208 2 5 6
Know computer operations 5.130 1.240 2 5 7
Logically organize and analyze 5.196 1.408 2 6 7
Logical problem solve 5.870 1.185 4 6 7
Mathematical thinking 4.761 1.139 2 5 6
Number computations 5.130 1.222 2 5 7
Solve with a computer 5174 1.768 1 6 7
Systemic thinking 5.065 1.357 2 5.5 7
CT Belief

All students should learn CT 3.957 0.759 3 4 5
Effective teaching improves student learning 3.913 0.812 2 4 5
CT attitude

Interest in teaching with CT 3.978 0.830 3 4 5
Want to continually improve teaching with CT 3.870 0.778 2 4

Want more teacher training 4.109 0.737 3 4 5
CT knowledge

Know CT 4.739 1.782 1 5 7
Know how to teach with CT 3.478 0.888 1 3 5
Know how to teach with CT in early childhood lessons 3.652 0.900 2 4 5
Know how to teach with unplugged CT 3.652 0.948 2 4 5
Teach CT

Ready to teach CT activities 4,783 1.725 2 5 7
Ready to teach plugged CT activities 4.413 1.614 2 5 7
Ready to teach unplugged CT activities 4.717 1.721 2 5 7

We use an alpha level of 0.05. We also analyze residuals for
influential outliers.

Analysis of Written Reflections and

Individual Interviews

We conducted thematic analysis of the written reflections,
applying initial coding, axial coding and theoretical coding to
identify major patterns and themes (Braun and Clarke, 2006). In
the initial coding, data were coded by keywords or phrases (e.g.,
algorithm, if-then). In the axial coding, the data were coded into
categories (e.g., beliefs) and sub-categories (all children should
learn CT; only technically-inclined children should learn CT).
In the theoretical coding, data were compared with pre-existing
models of PDP effects on CT knowledge, beliefs, attitudes, and
teaching self-efficacies (e.g., Rich et al., 2021b).

We analyzed the semi-structured interviews (Fraenkel
et al., 2015) with Creswell’s (2012) six-step method. First, we
anonymized and converted all interview transcripts to text.
Then, the lead author read the interview transcripts several times
to understand the interviewees’ ideas and tone. Initial codes were
developed and then iteratively refined (Fraenkel et al., 2015).
Next, the codes were evaluated, and some were merged while

others were deleted. Then, themes were developed and organized
into a hierarchy of codes. Tables and figures were created to
illustrate the findings. Finally, findings were examined, and thick
description and inter-coder reliability tested the trustworthiness
of the interpretations.

FINDINGS

The summary statistics generally showed moderate to high levels
of CT knowledge, beliefs, attitudes, and teaching self-efficacies
(See Table 3), especially on the post-workshop surveys (as shown
in the next section). The multivariate outcome, multilevel cross-
classification results below show significant differences in pre-
vs. post-workshops responses, and a path analysis modeling
antecedents of CT teaching self-efficacies.

Pre- vs. Post-workshops Differences

These teachers’ survey responses regarding CT definition, beliefs,
attitudes, knowledge, and CT teaching self-efficacies showed vast
differences before vs. after the workshops. After the workshops,
these teachers were far more likely) to define CT as including
algorithmic solution of a problem, analytic ability, solving
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TABLE 4 | Multilevel cross-classification differences analysis.

Explanatory variable Odds Explained
Definition of CT b (SE) ratio Variance (Time)
Algorithmic solution of a problem 4.867 e 47% 0.381
(0.239)
Analytic ability 4.423 e 49% 0.273
(1.123)
Solving problems as a computer scientist 3.969 e 48% 0.231
(0.880)
Logical problem solving 4.527 e 49% 0.315
(0.967)
Problem solving 3.380 e 47% 0.222
(0.778)
Knowledge of CT
Know what CT is 2.750 e 44% 0.125
(0.660)
Know steps for teaching CT effectively 1.783 e 36% 0.201
(0.410)
Know CT enough to teach it to young children 3.706 i 48% 0.245
(0.874)
Know unplugged CT enough to teach it 4.650 e 49% 0.301
(1.138)
Beliefs about CT
All students should learn CT 3.995 e 48% 0.278
(1.102)
Effective teaching helps students learn CT 1.743 e 35% 0.082
(0.619)
Attitude toward CT
Interested in CT teaching (4.452) o 49% 0.338
1.118
Continually find better ways to teach CT (3.901) e 48% 0.251
1.098
Want to attend training about teaching practices (1.571) e 33% 0.185
0.394
CT Self-efficacy
Overall CT teaching self-efficacy 2.812 e 44% 0.143
(0.674)
Plugged CT teaching self-efficacy 3.443 e 47% 0.180
(0.742)
Unplugged CT teaching self-efficacy 2.503 e 42% 0.122
(0.634)

=0 < 0.007.

problems as a computer scientist, logical problem solving, or
problem solving (+47% or higher odds ratio for each, see
Table 4). After the workshops, these teachers were much more
likely to know what CT is (4+44%), know steps to teach CT
effectively (+36%), know CT enough to teach it to young
children (448%), and know unplugged CT enough to teach
it (+49%). After the workshops, these teachers were also
far more likely to believe that all students should learn CT
(+48%) and that effective teaching helps students learn CT
(4+35%). Their following attitudes also vastly improved after the
workshops: interest in integrating CT into their teaching (+49%),
continually find better ways to teach CT (+48%), and want to

attend more training about teaching practices (4+33%). After the
workshops, teachers reported greater overall CT teaching self-
efficacy (444%), plugged CT teaching self-efficacy (+-47%), and
unplugged CT teaching self-efficacy (+42%).

CT Teaching Self-Efficacy

CT teaching self-efficacy often differed more across teachers
(teach with CTA overall: 62%; teach with plugged CTA: 64%;
teach with unplugged CTA: 50%) than across time (overall
CTA: 38%; plugged CTA: 36%; unplugged CTA: 50%; see
Table 5). (See Appendix Table Al for correlation-variance-
covariance matrices). All results discussed below describe
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first entry into the regression, controlling for all previously
included variables. Ancillary regressions and statistical tests are
available upon request.

Teachers’ Overall CT Teaching Self-Efficacy

School attributes and teachers’ perceived knowledge accounted
for differences in teachers’ overall CT teaching self-efficacy
(see Table 5 and Figure 2). Teachers in schools with a
culture of sharing and teamwork, in schools with perceived
sufficient resources to support CTA, or who viewed themselves
as knowing CT were more likely than other teachers to report
greater overall CT teaching self-efficacy (respectively, +39%,
+32%, +25%).

These results showed significant mediation effects. Teachers
in the school with a culture of greater sharing and teamwork
were 27% more likely than those in the other school to have
sufficient resources to support CTA, which in turn was linked
to 32% greater overall CT teaching self-efficacy (12% mediation;
z = 3.15 p = 0.002). In the school with a culture of greater
sharing and teamwork, teachers were 27% more likely than those
in the other school to view themselves as knowing CT, which in
turn was linked to 32% greater overall CT teaching self-efficacy
(12% mediation, z = 2.11, p = 0.035). In the school with
greater sufficiency of resources to support CTA, teachers were
21% more likely to view themselves as knowing CT, which in turn
was linked to 25% greater overall CT teaching self-efficacy (37%
mediation, z = 2.36, p = 0.018). The final explanatory model
accounted for 54% of the differences in overall CT teaching self-
efficacy.

Teachers’ Plugged CT Teaching Self-Efficacy

School attributes and teachers’ perceived knowledge also
accounted for differences in teachers’ plugged CT teaching
self-efficacy. Teachers in the school with a culture of greater

sharing and teamwork or perceived sufficient resources to
support CTA, or who viewed themselves as knowing CT were
also more likely than other teachers to have greater plugged CT
teaching self-efficacy (respectively, +-38%, +19%, +24%).

These results also showed significant mediation effects. In
the school with a culture of greater sharing and teamwork,
teachers were 27% more likely than teachers in the other
school to view themselves as knowing CT, which in turn was
linked to 24% greater plugged CT teaching self-efficacy (33%
mediation, z = 2.692, p = 0.007). The final explanatory model
accounted for 48% of the variance in plugged CT teaching self-
efficacy.

Teachers’ Unplugged CT Teaching Self-Efficacy
Lastly, workshop completion and teachers’ perceived knowledge
accounted for differences in teachers’ unplugged CT teaching
self-efficacy. Teachers who completed the workshops or viewed
themselves as knowing CT were more likely than other teachers
to have greater unplugged CT teaching self-efficacy (respectively,
+47%, 4-38%).

These results also showed significant mediation effects.
Teachers who completed the workshops were 44% more likely
than other teachers to view themselves as knowing CT, and in
turn were 38% more likely than other teachers to have greater
unplugged CT teaching self-efficacy (37% mediation, z = 3.204,
p =0.001). The final explanatory model accounted for 78% of the
variance in unplugged CT teaching self-efficacy.

All other explanatory variables and interactions were not
significant. Analysis of residuals showed no substantial outliers.
Robustness tests on data subsets and single outcomes showed
similar results.

Our thematic analysis of participants’ written reflections and
interviews identified important PDP learning components and
need for further support.

TABLE 5 | Summary of multilevel cross-classification analyses of overall / plugged / unplugged computational thinking teaching self-efficacy.

Computational thinking teaching self-efficacy

Explanatory variable Overall Plugged Unplugged

School culture of sharing 2.04 1.79 1.57 o 1.95 1.89 1.27 *

And teamwork (0.39) +39% (0.47) +36% (0.47) +33% (0.40) +38% (0.42) +37% (0.44) +28%

School has sufficient 1.55 e 0.97 * 0.79 * 0.82 *

Resources to support CTA (0.35) +32% (0.42) +23% (0.35) +19% (0.38) +19%

Post-workshops 3.44 e 2.16 *
(0.74) +47% (0.83) +40%

Know computational 1.12 * 1.04 e 1.98 e

Thinking (0.46) +25% (0.31)  +24% (0.40) +38%

% Variance at each level

Teacher 62 62 62 64 64 64 50 50

Time 38 38 38 36 36 36 50 50

Explained variance at each level

Teacher 0.49 0.80 0.86 0.42 0.48 0.53 0.26 0.61

Time 0.00 0.00 0.01 0.00 0.00 0.39 0.00 0.95

Total explained variance 0.30 0.50 0.54 0.27 0.31 0.48 0.13 0.78

CTA, computational thinking activities. *p < 0.05, **p < 0.01, ***p < 0.001.
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School culture School resources Workshops CT knowledge CT Self-efficacy
School 1.570 *** o 1CT
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Clﬂt;lre 1 206 #+* School has 0.970 3 self-efficacy
ot : > sufficient resources 6**
sharing to support CTA 1.271 ** \-\/v
and 0.823 * Plugged
teamwork : > CT
m} o 1.036 ***| self-efficacy
1.21 8 skskosk now
Computational
2.750 > Thinking Unplugged
After -
workshops 2.161 CT
self-efficacy
FIGURE 2 | Path analysis of antecedents of overall / plugged / unplugged computational thinking (CT) teaching self-efficacy. Thicker arrows indicate larger effect
sizes. *p < 0.05, **p < 0.01, ***p < 0.001 5.2 Written Reflections and Interviews.

Valuable PDP Components

Participants identified six valuable PDP components: (a) poor
initial CT knowledge, (b) consequent importance of concrete CT
experiences, (c) educational resources, (d) collaborative planning,
(e) student involvement, and (f) spacing between workshops.
Most of these teachers reported no formal training in computers,
and many teachers shared teacher T-13’s understanding of CT.

I have never heard about the word “computational thinking”
before attending these workshops.

(Teacher-13's Reflection after the 2nd workshop, T-13-R2).

Like T13, most of these participants had no knowledge of CT.
As a result, many participants like T-17 and T-12 appreciated
the informal learning activities.

Hands-on participation in these PDP workshops made me
confident, aware of my own ability to decompose real-world
problems. T-17-I(interview) require concrete experience to build
the conceptual understanding of CT. T-12-R3.

These teachers explained how their hands-on activities
and concrete experiences helped them develop their CT
understanding and skills and apply them (e.g., decompose
real-world problems).

These teachers’ low initial CT competence inclined them
toward teaching with unplugged CT activities. For example, T-
11 said I love the concept that CT can be implemented through
unplugged activities and I am very confident with unplugged
pedagogy of teaching CT concepts T-11-I.

I am going to apply unplugged CT in my class with 3-4-year-old
students. T-12-R2.

Like many of these teachers, T-19 and T-12 enthusiastically
embraced teaching CT to their young students with unplugged
activities. As indicated in the above statistics, teachers reported
greater CT teaching self-efficacy for using unplugged rather than
plugged activities.

Hence, collaborative planning and the introduction of new
education materials and technologies were critical to some
teachers using them to teach their students via plugged activities.
For example, T-9 said:

Collaborative planning enhanced our collective knowledge of CT
and in the future, it will help us to enhance our CT practice
through collaborative efforts such as planning, development of
resources, assessments etc. T-9-1.

T-9 argued that the collaborative planning both improved
their understanding of CT and aids their subsequent CT teaching
practices. T-4 explained how she used the provided technologies
to teach her students.

Happy-Map activities are very good when it comes to teaching CT
concepts to my Kls, I used Happy-Map step by step guide and
next week I introduced the same CT conceptual understanding to
find treasure map using Beebots. Students were able to apply the
understanding learned through Happy-Map. T-4-R3.

T-4 appreciated the PDP-provided teaching resources (Happy-
Map) and technologies (Beebots), using them in her school
lessons to help her students learn CT concepts.

T-2-T added:

The supplied and developed educational material during
collaborative planning will help me use the websites etc. to
develop my skills further after this training programme.

T-2 reported that the PDP educational material was not only
immediately useful but also valuable for her continuing education
after completing the PDP.

Like T-4, T-17 and T-24 valued the opportunities to apply their
new CT knowledge and teaching skills directly to student lessons
to help them learn.

This is not only to enhance their logical thinking but also to
give them opportunities to develop higher-order thinking skills
through CT. For example, when I asked one of my K3 students
using Cubetto, what to do when we finish our command buttons.
The student replied start using numbers for the commands
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that need to repeat so that we can reach treasure without
losing command buttons. It was exactly the “loop” conceptual
understanding of CT. T-17-1.

T-17 appreciated how her students developed higher-order
thinking skills via CT activities with Cubetto, as illustrated via
her students’ loop understanding and application.

T-24 highlighted the importance of such opportunities
between workshops.

I have learned more and clarified my concepts as I get a chance
to use the learned new knowledge through workshops in practice
for a couple of weeks after workshops. This has given me a chance
to reflect on practice and ask for clarification to consolidate my
understanding before the next workshop. T-24-R6.

The long spacing between workshops offered these teachers
the opportunities to apply their CT teaching to their students,
reflect on the results, ask for help and consolidate their
understanding before additional learning in the next workshop.

Need for Further Support

Still, these teachers highlighted the need for additional support,
including time, management, resources, networking across
schools, and parent understanding. T-9 highlighted the
importance of time.

Time for planning and execution is the most crucial aspect as we
lack experience and understanding required to execute CT. After
implementation of CT integrated activities in short summer camp
will help us to enhance our practice. T-9-R5.

T-9 appreciated the valuable time used for planning
and implementing lessons  during summer camp,
especially as novices.

T-16 noted the importance of management and resources.

It is necessary to have management onboard to provide us
budgetary solutions as our school lacks robots and digital devices
to develop plugged CT. T-16-Ré6.

As T-16 notes, supportive managers can provide budget
funding to buy needed CT resources such as robots and
digital devices.

Also, T-2 argues for the importance of networking.

Networking support with other kindergartens integrating CT in
practice will be an additional way for continues development of
CT enhanced curriculum. T-2-L.

Specifically, T-2 noted that networking with other schools
teaching CT can support their continuing CT development,
especially of their curricula.

Outside school, T-23 pointed out the importance of parents.

Development of parental understanding alongside with teacher
development is equally important. We will be bringing parents
onboard for CT enhanced practices. T-23-I.

T-23 highlighted the value of parental support, and will engage
them to back their CT teaching.

DISCUSSION

This exploratory study examined the effects of a curriculum-
based professional learning (CBPL) professional development
program on 25 in-service teachers’ views of computational
thinking (CT). After the workshops, their CT understanding,
CT beliefs, CT attitudes, and CT self-efficacies improved both
significantly and substantially. Among these teachers, those who
reported a stronger school culture of sharing and teamwork,
or sufficient school resources for CT activities showed greater
CT self-efficacies. Teachers reporting greater CT knowledge had
greater CT self-efficacies.

Pre- vs. Post-workshop Differences

The result suggest that these workshops changed not only these
teachers’ CT knowledge and CT attitudes but also their CT beliefs
and CT teaching self-efficacies.

CT Knowledge

After completing the workshops, these teachers were far more
likely to define CT as including an algorithmic solution of
a problem, analytic ability, solving problems as a computer
scientist, logical problem solving, or general problem-solving.
So, after the workshops, these teachers were much more likely
to believe that they knew (a) what CT is, (b) steps for teaching
CT effectively, (c) CT well enough to teach it to young children,
and (d) unplugged CT well enough to teach it. These large
differences support those of past studies showing that PDPs
can help teachers learn about CT (e.g., Ketelhut et al, 2020;
Rich et al., 2021b). Unlike past studies of shorter PDP, this
study showed that after this longer PDP, these teachers were
more likely than before to view themselves as having enough
knowledge of CT and CT pedagogy to teach to young children.
Together, these studies indicate that PDPs can effectively help
teachers learn CT knowledge and pedagogy, suggesting that
educators can use effective PDPs for in-service teachers’ training
regarding CT knowledge.

CT Attitudes

After these workshops, these teachers reported better attitudes
toward teaching than before, especially regarding CT teaching.
Specifically, they reported greater interest in CT teaching, a desire
to continually find better ways to teach CT, and a desire to attend
training about teaching practices. These results cohere with those
of past studies showing that PDPs can improve teachers’ attitudes
toward CT teaching (e.g., Bower et al., 2017; Hestness et al,
2018; Rich et al., 2021b). Together, these results suggest that
educators can use effective PDPs to improve teacher attitudes
toward CT teaching.

CT Beliefs

After completing these workshops, these teachers were more
likely to have beliefs supporting CT teaching than before.
Specifically, they were more likely to believe that (a) all students
should learn CT and (b) effective teaching helps students learn
CT. Unlike past studies of shorter PDPs that failed to change
teachers’ CT beliefs (Rich et al., 2021b), this study showed that
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after this longer PDP, these teachers espoused supportive beliefs
of CT teaching. If future studies replicate this result, they would
suggest that educators can use effective PDPs to foster supportive
teacher beliefs toward CT teaching.

CT Teaching Self-Efficacies

After these workshops, these teachers reported greater CT
teaching self-efficacies than before. Specifically, they reported
greater overall CT teaching self-efficacy, plugged CT teaching
self-efficacy, and unplugged CT teaching self-efficacy than
before., this study showed that after this longer PDP, teachers
reported greater CT teaching self-efficacies. If future studies
support this result, they would suggest that educators can
use effective PDPs to increase teachers CT teaching self-
efficacies.

Explanatory Model of CT Teaching
Self-Efficacies

School, workshop completion and teacher’s CT knowledge
were all linked to CT teaching self-efficacies. In the school
with a greater sharing and teamwork culture or sufficient
resources to support CT teaching, teachers reported greater
overall and plugged CT teaching self-efficacies. These results
suggest the importance of school culture and resources
for supporting CT teaching. Also, workshop completion
was linked to greater unplugged CT teaching self-efficacy.
Unlike past studies of shorter PDPs (Rich et al., 2021b), this
longer PDP increased teachers’ unplugged CT self-efficacy.
Lastly, teachers who reported greater CT knowledge reported
greater overall, plugged, and unplugged CT teaching self-
efficacies, cohering with past studies regarding the importance
of teacher CT knowledge for CT teaching self-efficacy
(Rich et al., 2021b).

Insight Into Future PDP Design Choices

These teachers shared several insights regarding effective PDP
and further needs. As many of them knew little CT, they
appreciated the importance of concrete activities, educational
resources, collaboration, teaching CT with unplugged activities,
and enough time between workshops to apply CT. First, the
concrete activities, educational resources, and collaboration
helped these teachers learn an alien topic, CT. The collaborative
planning helped them develop and apply CT teaching activities
to their own students, especially the transitional instruction
of teaching CT with unplugged activities to their students
before doing so with plugged activities. Suitable spacing between
workshops also enabled these teachers to apply their CT, ask for
help and consolidate before the next workshop. Hence, future
PDPs can consider including concrete activities, educational
resources, collaboration, transitional instruction, and suitable
spacing between workshops.

These teachers highlighted the need for additional support
regarding time, management, resources, networking, and
parents. Sufficient time allowed teachers to collaboratively
learn, plan, implement and assess their newly learned CT.
Furthermore, management support can provide them with
such time and needed resources (technology, staff) to teach

CT well. Beyond their school walls, networking with other
schools teaching CT (, with researchers) and with parents can
build broad community support and understanding of CT
and CT instruction.

LIMITATIONS AND FUTURE RESEARCH

Our study is limited by its small, unrepresentative, convenience
sample of Hong Kong ECE teachers and its absence of a control
group. The small sample limits our statistical power to detect
smaller effect sizes. Furthermore, this study only included 2
schools, so we need studies with many more schools to determine
whether these school differences are idiosyncratic or occur
more broadly. Also, our unrepresentative sample of only ECE
teachers in Hong Kong limits the potential of this study to
generalize to the broader population of ECE teachers. Hence,
future studies can include larger, representative samples of ECE
teachers in more schools in more countries. Also, this study
lacked a control group, which limits causal claims, so future
studies can employ randomized, controlled trials to support
stronger causal claims.

CONCLUSION

This exploratory study showed that a curriculum-based
professional learning professional development program
changed these in-service teachers views of computational
thinking (CT). After the workshops, their CT understanding
changed significantly. After completing the workshops, these
teachers were more likely than before to define CT as including
the algorithmic solution of a problem, analytic ability, solving
problems as a computer scientist, logical problem solving, or
general problem-solving. After these workshops, these teachers
were more likely than before to believe that they knew (a)
what CT is, (b) steps for teaching CT effectively, (c) CT well
enough to teach it to young children, and (d) unplugged CT well
enough to teach it.

These workshops also changed their CT beliefs, CT attitudes,
and CT self-efficacies. After these workshops, these teachers
reported better attitudes toward teaching than before: greater
interest in CT teaching, greater desire to continually find better
ways to teach CT, and greater desire to attend training about
teaching practices. Compared to before these workshops, these
teachers were more likely than before to have beliefs supporting
CT teaching: (a) all students should learn CT and (b) effective
teaching helps students learn CT. After these workshops, these
teachers reported greater overall, plugged, and unplugged CT
teaching self-efficacies.

School, workshop completion and teacher’s CT knowledge
were all linked to CT teaching self-efficacies. In the school with
a greater sharing and teamwork culture or sufficient resources
to support CT teaching, teachers reported greater overall and
plugged CT teaching self-efficacies. Also, teachers who reported
greater CT knowledge reported greater overall, plugged, and
unplugged CT teaching self-efficacies.
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APPENDIX A: ANCILLARY RESULTS

APPENDIX TABLE A1 | Correlations, variances, and covariances of outcomes and significant explanatory variables in the lower left, diagonal and upper right matrices.

Variable 1 2 3 4 5 6 7

1. Overall computational thinking (CT) self-efficacy 291 2.42 2.57 1.76 2.53 0.53 2.62
2. Plugged CT self-efficacy 0.89 2.55 2.55 1.56 2.22 0.49 2.19
3. Unplugged CT self-efficacy 0.88 0.94 2.90 1.50 2.47 0.61 2.56
4. School culture of sharing and teamwork 0.80 0.75 0.68 1.67 1.46 0.39 1.62
5. School has sufficient resources to support teaching CT 0.86 0.80 0.83 0.65 3.02 0.53 2.72
6. After workshops 0.63 0.61 0.72 0.60 0.62 0.25 0.55
7. Know computational thinking 0.87 0.78 0.85 0.66 0.89 0.63 3.11
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