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ABSTRACT

This study examines pre-service teachers’ (PSTs) beliefs and understandings about
computational thinking (CT) integration and lesson implementation over time. Utilizing a
design-based research approach, 3 PSTs led the co-design of integrated CT lessons with
support from researchers and enacted these CT integrated lessons with K-5 students.
All PSTs participated in a whole-group CT workshop and engaged in one-on-one lesson
design sessions with a researcher. We utilized a grounded theory approach to qualitatively
analyze pre-surveys, semi-structured interviews, and video data of three PSTs enacting
their lessons. We found that PSTs’ initial beliefs about CT instruction - including the
importance of it - were reinforced through their participation in our lesson design and
implementation process. We also saw PSTs developed deeper understandings and more
nuanced beliefs about the importance of CT integration and supporting multilingua
learners (MLs) with English language development (ELD) strategies. PSTs also developed
beliefs about what CT integration should look like and how it should be taught. This
multiple case study demonstrates how providing rich design opportunities for PSTs to
engage in CT integration work can support the productive development of PSTs beliefs
about CT integration and their capacity for CT lesson design.
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INTRODUCTION: CHALLENGES AND
OPPORTUNITIES IN INTEGRATING
COMPUTATIONAL THINKING INTO PRE-
SERVICE TEACHER EDUCATION

CHALLENGES IN PRESERVICE TEACHER
EDUCATION

If preservice teacher education has any transformative
potential, then it is largely up to teacher educators to
engage their candidates in novel curricula and pedagogy
not yet found in schools. In making this point, we are not
suggesting that what preservice teachers (PSTs) learn
in their practicum is never transformational. Certainly,
many cooperating/mentor teachers engage in pedagogies
designed to increase student engagement, achievement,
or equity that genuinely alters schooling. However,
contemporary schools have been characterized as a
conserving force, reproducing in children and youth the
knowledge, values, and economy of their parents or even
grandparents. This failure at transformation yields, among
other consequences, a reproduction of the existing and
unacceptable social inequities (Ritzman & Tomaskovic-
Devey, 1992). On the other hand, some research has
suggested that the transformative hopes of the university-
based, professional program are “inert” or “washed out”
by beginning teaching experience (Korthagen et al., 2001).
This finding may suggest that teacher educators abandon
any transformational hopes and instead prepare PSTs to
teach exactly what is being taught in the schools where
they are learning to teach.

This tension is as old as formal teacher education itself.
The most recent iteration is mired in a mostly symbolic
debate between those who promote a “practice-based”
teacher education (Janssen et al., 2015) and those who
suggest that this emphasis ignores important questions
about race, power, and Whiteness, for example (Daniels
& Varghese, 2020). In place of debates, teacher educators
need concrete examples of changed practices that
show promise for future implementation. We argue that
providing rich design opportunities for PSTs to engage in
computational thinking (CT) design work can draw on PSTs’
existing beliefs about work to strengthen and develop
those beliefs. Existing research highlights the importance
of focusing on beliefs because they can be powerful
predictors of actions (Pajares, 1992). Therefore, providing
PSTs with learning opportunities that allow for participation
in social processes (Mead, 1934) that can strengthen and
develop PSTs’ beliefs about the importance of teaching
CT and their own self-efficacy beliefs can have a powerful
influence on PSTs’ instructional choices when they enter
the workforce.

In this study, we examine how a university-based teacher
education program working in close partnership with a
local school district can serve as a transformative context
by helping PSTs to engage in integrating computational
thinking (CT) into district content curricula. This approach
not only has the potential to build the capacity of these
future teachers to design CT experiences, but also
immediately supports the district’s larger aim of having
all students engage in CT, including multilingual learners
(MLs), a group woefully underrepresented in the computing
fields (Martin et al., 2015). Using interviews, lesson videos,
and other artifacts, our study documents what three PSTs
believed about their capacities for teaching integrated CT
to multilingual learners and how those beliefs changed.
Creating design opportunities that leverage and extend
PSTs’ beliefs can function as a transformative experience
for PST learning. This study highlights that this type of
design work and learning experience can develop PSTs
beliefs about the importance of providing CT education to
students, beliefs about their own ability to teach CT, and
beliefs about supporting MLs.

CHALLENGES IN COMPUTER SCIENCE AND
COMPUTATIONAL THINKING EDUCATION

CSis “the study of how technology and computing systems
are created and their impact on society” (California State
Board of Education, 2018, p. 1). The field of CS is rooted
in theory and practice informing how people engage
technology in problem-solving, with an emphasis on the
creation of tools (California State Board of Education, 2018).
Engaging in CS necessitates the use of CT. CT is a set of skills
and practices that computer scientists rely on to define
and solve problems which can ultimately be carried out by
a computer (Grover & Pea, 2013). While CT is central to CS,
the skills and practices are applicable to other content areas
(e.g., CT is one of the Science and Engineering practices in
the Next Generation Science Standards (NGSS Lead States,
2013). Therefore, learners can develop foundational CT
skills and practices by engaging with CT in contexts other
than CS (Grover & Peqa, 2013; 2018; Yadav et al., 2016). Our
study focuses specifically on CT integration because of
the promises an integration approach to teaching CT can
work to alleviate barriers to CS education implementation
(Wang et al., 2016; Israel et al., 2021).

Many communities remain underrepresented in the field
of CS (Google/Gallup, 2016), despite policy reforms that
promote inclusive CS education (e.g.,, ACM et al., 2016), and
a widespread recognition of the importance that learners
have opportunities to engage with CS (NASEM, 2018; Wang
etal, 2016). Creating meaningful opportunities for learners,
particularly underrepresented learners, to participate in CS
remains a pressing issue (NASEM, 2021; Wilson et al, 2010).
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Addressing the systemic barriers in teacher preparation,
curriculum design, and implementation is crucial for
enhancing the capacity of K-12 school systems to
engage students in meaningful CS learning. Research-
practice partnerships (RPPs; Coburn & Penuel, 2016; Sato
& Loewen, 2022) that focus on design work offer promise
in overcoming challenges to innovation within school
systems by developing system-level interventions tailored
to districts’ needs. The work in this paper explores a
curriculum collaborative design (co-design) project within
a RPP in the western United States. The project’s goal is
to create equitable learning opportunities in CS, with an
emphasis on CT, for K-8 students, particularly multilingual
students from Latine backgrounds.

PROMISING DESIGN-BASED RESEARCH
APPROACHES

Researchers have explored integrating CT into content areas,
other than CS, to support the development of learners’
understanding of CT, providing learners with experiences that
will build their capacity to do computer science (Century et
al., 2020; Harlow et al., 2018; Kafai et al., 1997; Klopfer et al,,
2005; Pozos et al., 2022; Welch et al., 2022). Current research
suggests that student participation in CT-integrated lessons
increase their learning about CT (Weintrop et al, 2021;
Arastoopour Irgens et al., 2020). Additionally, supporting
teachers with integrating CT into content areas they already
teach can work to alleviate barriers to CT implementation,
such as a lack of teachers prepared to teach CS and the
prioritization of other academic goals (Wang et al., 2016; Israel
et al,, 2021, Coenraad et al., 2021). Coenraad et al. (2021)
found that more than 80% of the preservice and inservice
teachers who participated in a professional development
focused on integrating CT into elementary science lessons
were able to successfully integrate CT into their lessons, to
varying degrees. Other studies, focusing on student learning,
demonstrate that a content area can serve as a valuable
context for engaging in CT practices and skills. For example,
Weintrop et al. (2021) examine student engagement with a CT
integrated math curriculum and highlight how CT enhanced
students’ math learning, while math provided the context for
students to engage with CT skills and practices in a meaningful
way. Arastoopour Irgens et al. (2020) measured high school
students’ use of CT practices before and after engaging in a
CT integrated science unit. Their results demonstrated that
students’ use of CT practices increased between the pre and
post test. These results offer promising outcomes related to
CT integrated instruction.

Engaging PSTs in co-design (Penuel, 2019; Severance et al.,
2016)- where practitioners and researchers work together
and pool their expertise to develop learning opportunities-
operated as a way to engage PSTs in a rich task (i.e.,

designing CT lessons) while overcoming limited resources
and instructional time. Engaging PSTs in co-design work to
develop materials for actual classrooms functioned to bring
CT learning to students who would not otherwise have
access to it given various constraints (e.g., CT not currently
in official district curriculum). This integration takes place
within existing subjects, such as science and math, over an
extended period of time, rather than in separate computer
science classes. Prior work suggests the promise of training
student teachers (PSTs) in CT and engaging them in co-
design work, particularly in relation to shaping their beliefs
about CT instruction (Yadav et al,, 2017).

RESEARCH QUESTIONS

This paper examines the beliefs of a cohort of PSTs who
volunteered to co-design with researchers and implement
CT-integrated lessons and asks:

(RQ1) How did student teachers’ beliefs about
integrated CT instruction change over time?

(RQ2) What aspects of the design space facilitated
student teachers’ shift in beliefs and their
engagement in productive CT integrated lesson
design?

THEORETICAL FRAMEWORK

Drawing primarily on a symbolic interactionist perspective
(Mead, 1934), we conceptualize beliefs as a cognitive
process largely based on experiences which occur socially
or externally. The formation of beliefs is, generally speaking,
the ideas and opinions a person forms based on the
external world or evidence. Their beliefs are not formed in a
vacuum, but can be influenced by other people as well as by
participating in social processes, communities, and groups
(Loeb, 1990; Hume, 2007; Miller, 1973). Therefore, teachers
- including novice teachers like PSTs - will likely have beliefs
both based on their own experiences as a student, the
testimony of their teachers, the beliefs articulated to them
by figures of authority, and through day to day interactions
and attempts to solve problems (Pajares, 1992; Mead
1934; Miller, 1973). Mead developed what is now called
symbolic interactionism, a theory in which beliefs are
formed in participation in social processes (Biesta & Trohler,
2016). The theoretical background informing this study is
grounded in Mead’s belief theory because he attends to the
social practices which can contribute to belief development
and change (Miller, 1973).
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Mead’s account of the development of beliefs involves
mental faculties as well as relying on the world which
exists externally from the mind. Mead emphasizes
human’s participation in social processes and interactions
by positioning the development of consciousness and
rationality as dependent on society and social interactions.
According to this stance, PSTs’ participation in social
activities such as student teaching or collaborative
design serve as opportunities for PSTs to engage in social
processes and the world which exists outside of them and
make meaning of those interactions which, in turn, shapes
belief development (Miller, 1973; Mead, 1934).

Mead’s (1934) theory about belief formation provides
insight into the ways beliefs are developed through
experiences and participation in social processes which
inform the beliefs teachers hold when they enter the
classroom as well as the continuous development of
beliefs through participation in new experiences. Therefore,
ongoing experiences in the classroom and participation in
professional learning opportunities can continue to shape
beliefs (Enderle et al., 2014).

METHODS

This study is a multiple case study, using multiple cases to
explore a single phenomenon (Creswell, 2007). In order to
recruit PSTs, we offered the opportunity to participate to all

multiple subject teacher candidates (i.e., future elementary
teachers), prioritizing PSTs placed in the partner district.
Four participants in the partner district volunteered to
engage in the co-design of CT lessons for their placement
classroom, supporting a larger effort in the district and
research-practice partnership focused on promoting CS
education. One participant withdrew due to competing
commitments. Three participants ultimately completed
all of the participation requirements and were paid $500.
Those three PSTs participated in lesson integration and
implementation work, meeting with a researcher to co-
design lessons and receiving various levels of support from
their mentor teacher (Table 1).

PSTs participated in a 3-hour workshop facilitated by
researchers. During this workshop they were introduced to
computational thinking, design ideas, and tools. PSTs were
also introduced to the notion of “coherence” in learning,
which is a progression where learning builds and becomes
more complex over time (Fortus & Krajcik, 2012; Reiser et
al., 2021). This was done by having PSTs analyze CT lessons
across a primary grade science unit to recognize how CT
learning built incrementally over time. After the workshop,
PSTs worked with their mentor teacher to identify lessons
they would integrate CT into and then met with a researcher
to co-design the lessons. While the PSTs took the lead
of crafting the lessons, the researcher offered key ideas,
critical suggestions, and instructional tools to support PSTs
lesson design work (Figure 1).

would use to solve a problem

Problem Decomposition
Breaking down a problem into more manageable
sub-problems

Computational Thinking: The sort of thinking a computer scientist

DIFFERENT ASPECTS OF COMPUTATIONAL THINKING EVERYDAY EXAMPLES

o Getting ready for school
o Writing parts of a story

Algorithms
Precise step-by-step instructions for a solution

e Following a recipe
e Finding perimeter of rectangle

Conditional Logic
The use of logic to reach a conclusion about a problem
(using IF...THEN statements)

o |F I don't understand a word, THEN | sound it out
o |F the sun goes down, THEN it gets colder

Pattern Recognition
Identifying something that repeats to help solve a problem

o Days of the week repeat
o Life cycle of butterfly

The hiding of complexity to create simpler representations

Testing & Debugging @ Cooking, season to taste

The detection and fixing of flaws or inefficiencies in an o Fixing flashlight that won't turn on
approach

Abstraction ® Human heart shownas a ¥

o United States of America — USA

Computational Artifact
A tool that can take an input and give a useful output

o Flowchart for deciding what can be recycled
® Rubric to provide feedback

Figure 1 Handout designed to support PST learning.
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Before participating in the CT workshop, PSTs completed video recordings and lesson plans and made clear how
a pre-survey responding to open-ended questions such as, PSTs’ reported beliefs were evident in their enactment of
“What experiences have you had with computer science lessons.
or computational thinking?” and “What do you think Examples of codes include aspects of CT (“algorithms”,
it should look like to have students use and learn about “conditional logic”) as well as coding for supports identified
‘computational thinking’ in your classroom?.” After co- by PSTs (“cooperating teacher”, “positive support”). Two
designing with researchers and enacting their lessons, PSTs researchers used a set of the codes and Dedoose’s
submitted written lesson plans along with video recordings interrater reliability test to receive a pooled kappa score
of their lessons with elementary students and also of 0.85. This score demonstrates a high consistency of our
participated in a semi-structured interview. Mirroring key code application across multiple excerpts (De Vries et al,,
topics in the pre-survey, each semi-structured interview 2008). Analytic memos served as a tool throughout the data
lasted 30-45 minutes and PSTs reflected on their reasons analysis process to identify key data for further analysis.
for joining the project, the lesson planning process, and Data was triangulated across all of the data sources before
how their lessons went when they taught them to their researchers engaged in co-reconstruction of meaning. The
students. The interview protocol included questions such as, interview transcripts, workshop transcript, and pre-survey
“How would you explain what ‘computational thinking’ is to responses provide insight into PSTs’ beliefs about what CT
someone not familiar with it?”, “Describe the lessons your is, what CT integration looks like, and whether and how
students engaged in that integrated CS or computational they ensured their multilingual learners can access the
thinking”, What proved helpful in planning your lessons? materials. The lesson recordings and lesson plans are data
How so?”, and “What, if any, English language development sources that provide further insight into PSTs beliefs by
(ELD) strategies did you use during your lessons?.” allowing researchers to triangulate between PSTs’ reported

In terms of data analysis, researchers transcribed beliefs and what they actually did in the classroom.

the interviews and workshop audio using an online
transcription service and then manually cleaned the
transcripts. Researchers then coded transcripts from the RESULTS
initial workshop, semi-structured interviews and pre-survey

responses for each participant.The coding process followed We found that PSTs believed in the importance of CS/CT
the constant comparative method derived from grounded education for their students prior to participating, and after
theory (Charmaz, 2002). The coding process happened in designing and implementing lessons, PSTs’ beliefs about
two stages, with memo writing occurring throughout the the importance of CT/CS education were reinforced. They
entire process. The first stage of coding was initial coding. believed they were able to teach CS/CT to their students,
Each transcript was combed through and coded based on and believed that it was something they would continue
what stood out in the transcript. These descriptive codes to implement as new teachers in the workforce. The
covered small excerpts of text and led into the next stage positive experiences of teaching lessons that integrate CT
of focused coding. Focused coding entailed small initial are instances of PSTs taking on the role of a teacher who is
codes being collapsed into larger, more general codes that capable of teaching CT and participating in the processes
cover larger text excerpts (Charmaz, 2002). Memo writing and activities central to that kind of work. According
served as a method to compare beliefs across all PSTs. to Mead, participation and engaging in certain roles is
Researchers also did rounds of deductive coding, using our essential to the development of the mind, and ultimately
theoretical framework on symbolic interactionism acting beliefs (Mead, 1934).
as an interpretive lens, where transcripts were coded with In each case, we found that (1) PSTs’ beliefs about
the specific purpose of gaining insights into our research what constitutes CT integration developed over time to
questions (Wengraf, 2001). Codes were also applied to the include multiple CT aspects, intentional ELD instruction,

PST GRADE LESSON TOPIC PRIMARY CT TOPIC

Andrew 3rd Grade  Math: Fractions Conditional logic

Sarah 1st Grade Science: Building rockets Conditional logic and pattern recognition

Katherine  2nd Grade  Science: Properties of Pattern recognition, conditional logic, and building

liquids (types of matter) a computational artifact, testing and debugging

Table 1 Overview of PSTs and lessons.



Dektor et al. Journal of Computer Science Integration DOI: 10.26716/jcsi.2024.06.27.54 6

and language scaffolds to support multilingual learners’
(MLs) access to instruction; and (2) PSTs also developed
their own self-efficacy beliefs throughout the integration
and implementation process. In the following section we
present each case as its own narrative, providing evidence
that each PST came to the project with pre-existing beliefs
about the value of CT/CS instruction. We then describe
the key features of the lessons they designed and taught
before exploring each PST’s beliefs about ELD instruction
within their lessons. Finally, each case ends with evidence
highlighting changes in beliefs about CT integration.

ANDREW

Initial beliefs about CT integration

Andrew explained his motivation for participating in the
project saying in his interview, “I was interested because I
know how the future is based on technology and how we
can use technology for educational purposes. I was curious
to learn more about how I can use computer science logic
to help out with lessons.” His motivation to participate in
the lesson integration work stemmed from beliefs about
the importance of CT and CS instruction for all students. He
framed his goals as figuring out if integrating CT “would
help [students] with the lesson or if it would confuse them.”
He goes on to say, “what I saw in the lessons is that the
students did pick up the computational thinking pretty
easily and it actually did help them figure out the contents
of the lesson more easily.” This highlights his experience
which reinforced beliefs about the value of CT instruction.
In his pre-survey response, Andrew expressed beliefs that
CT should look like “students using skills they know from
computing to problem solve challenges in the classroom.”
He believes that his students are likely to be “tech-savvy”

Figure 2 Andrew modeling CT-integrated math.

and will have had experiences with “computers and solving
computer issues,” which may inform the ways students can
appropriate those experiences in order to solve problems
within the classroom.

Features of designed and implemented lessons
Andrew chose to integrate conditional logic into two
Eureka math fraction lessons. He introduced his class to
the learning objective of his lessons before explaining that
they were going to use conditional logic to help them solve
the math problems. Andrew gave his class a definition of
conditionallogic and the example, “Ifit’s raining, thenrecess
is not outside.” Andrew called on students to come up with
their own examples before demonstrating how conditional
logic can be applied to solving the fraction problems they
were working on. Andrew drew a square for the class to see
and wrote the sentence “If I draw a line down the middle
of my square, then .’ To which students replied “you
have halves.” Throughout the lesson, Andrew had students
partition shapes on their whiteboards and continued to
pose questions utilizing an if/then sentence format. The
second lesson followed a similar format but the content
was focused on unit fractions.

Beliefs about ELD supports

In order to ensure that the lesson and content were
accessible to all students, particularly multilingual learners,
Andrew made sure to draw on students’ background
knowledge when discussing examples of conditional logic.
He ensured each lesson had a visual component utilizing
educational technology, and modeled solving the math
problems using conditional logic (Figure 2). Students
were assessed through an exit ticket where they had to

¥ vz b, ddmad brarsacs. & Fomm al
?‘E.j aod werk Fard=very day. We wll ba_kind heol
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partition shapes and fill in a sentence frame similar to
the ones modeled throughout the lesson. His design and
implementation of lessons demonstrate an increased
understanding of CT integrated lessons.

Beliefs about CT integration after designing and
implementing lessons

Inhisinterview, Andrew expressed beliefs that computational
thinking, specifically conditional logic, functioned as a tool
to support students’ understanding of the math content. He
also articulated beliefs that CT needs to be taught over time,
reflecting ideas around coherence which was a key topic in
the initial workshop for PSTs. He explained that if a CT aspect
does not make sense to students right away, one could
introduce another aspect and see what supports students’
problemsolving.He also stated that understanding “develops
over time and it’s unlikely for all of it to be understood to a
tee by the students the first time around.” His beliefs after
designing and implementing lessons cannot be classified as
new beliefs because he held beliefs about the importance
of CT/CS education for students due to the increase in
technology in society, but those beliefs developed through
participation in lesson design and implementation, resulting
in a more nuanced belief about what CT education should
look like for students (Mead, 1934).

Despite beliefs around the success of the integration in
his lessons, Andrew ranked them a 6 on a scale of 1-10,
explaining that his students had a lot of energy which he
found difficult to manage while completing his 3-day solo.
Andrew believes that learning more about CT through
designing and implementing CT integrated lessons framed
his desire to continue integrating CT into his future classroom
saying, “I will want to wherever I can really, especially if it
will help them understand the lesson better then absolutely,
I'd want to incorporate it wherever I could” (Interview).
Andrew’s desire to continue implementing CT-integrated
lessons in his future classroom indicate the ways in which
designing and implementing those lessons affirmed and
deepened his beliefs about the importance of teaching CT
and his own self-efficacy beliefs (Bandura, 1994).

SARAH

Initial beliefs about CT integration

Before participating in the program, Sarah stated in her
interview that she “had a preconceived notion that computer
science was just in the realm of computers and people
who designed programs on the computers.” However, she
was motivated to participate in the program because she
“never expected it to be something [she] could integrate
into her classroom curriculum.” She was interested in
learning how integration worked and because she believes
that “computer science is really important for students to

learn in order to integrate with the world today.” She had
also seen a previous mentor teacher integrate CT into the
classroom and that piqued her interest in learning about it.
In her pre-survey response, Sarah believed that integrating
CT into the classroom might look like having students create
simple algorithms. Like Andrew, Sarah held beliefs about
the importance of CT and CS instruction for students before
participating in the lesson design and implementation work.

Features of designed and implemented lessons
Sarah decided to integrate CT into a science lesson that
she was designing on her own, not revising an existing
Science lesson. Her students knew she was interested in
outer space and they had expressed interest in rockets.
Sarah believed that integrating computational thinking
into the rocket building lesson was a seamless fit. Sarah
found integrating CT into a second rocket lesson to be
more challenging saying, “the second lesson took a bit
more planning that was more deliberate in making it work
with computational thinking. But I think overall, I just had
the idea and then I worked backwards to incorporate the
computational thinking” (Interview). Sarah explained that
she utilized the standards and objectives for second grade
science instruction to help plan her lesson objectives. Her
beliefs about the importance of CS and CT instruction
motivated her initial participation in the work, however her
participation in the workshop was comprised of instances
reflecting the idea of participating in social processes that
can shape and develop beliefs (Mead, 1934).

Sarah introduced her rocket lessons by asking students
what a basic rocket is before explaining that they were
going to use conditional logic to help with the lesson. Sarah
shared a definition of conditional logic with her class and
had students repeat the phrase “conditional logic.” In her
interview, Sarah said she thought the students were just
repeating the phrase back without fully understanding
what they were saying which prompted her to rip a piece of
paper from her notebook and ask the students “what is the
condition of the paper?” to help them connect condition
to conditional. Next, Sarah had students share examples
of conditional logic statements about the rocket. Students
came up with examples like, “If I blow on the straw, then
the rocket will blast off.” Sarah then tested the claim and the
students came up with more conditional logic statements.

After modeling the activity, the students made their
own rocket and tested them outside. In the second lesson,
Sarah reminded students of the definition of conditional
logic before students “upgraded” their rockets and added
fins. In terms of CT in the second lesson, Sarah continued
to reinforce conditional logic and wanted to layer on
pattern recognition. Her vision was for students to collect
data on the distance of the rocket and examine patterns.
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Figure 3 Sarah scaffolding students’ CT language use.

She believes that the CT got too complex too fast for her
students, showing a consideration for coherence:

“The data collection, despite my telling them

that data is just information... they didn’t quite
grasp data and I think it’s just because they were
overwhelmed with the vocabulary of already having
conditional logic and if/then statements. Asking
them to add another aspect on top of it... they just
wanted to play with their rockets and didn’t want
to be bothered with measuring things... We did
briefly touch on the pattern recognition with what a
basic rocket does and with a complex design it flies
further. They recognized those patterns but they
weren’t able to put it into words” (Interview).

Sarah’s beliefs about CT integration and implementation
deepened through her work and started to include how
students learn CT.

Beliefs about ELD supports

In terms of ELD strategies, Sarah introduced new academic
language in her lessons. Therefore, she reports breaking
down the phrase “conditional logic” as an example of an

effective strategy to support her multilingual learners.

Additionally, she modeled using conditional logic as well as
how to build a rocket (Figure 3). She also reports showing

videos to support students with rocket related language.

Intentionally integrating ELD into her lessons indicates
beliefs that CT and ELD can be taught simultaneously and

that students may need support accessing CT language.

The ELD aspect of the lessons seemed to reinforce beliefs
about strategies that Sarah believed were effective for
supporting the language needs of her students.

Beliefs about CT integration after designing and
implementing lessons

At the beginning of the project, Sarah expressed beliefs that
computational thinking and computer science instruction
are important for students but expressed that she could
not imagine how to implement that type of instruction
with students, particularly early elementary age students.
In her interview, Sarah expressed feeling confident about
integrating CT into her first of two lessons because “it just
worked. Tt fit so well with the computational thinking.”
After participating in the project, Sarah believes that
computational thinking instruction should happen over time
saying, “I think it looks like an algorithm. In fact, it looks like a
step-by-step process of achieving a certain goal but it takes
time because, of course you have to build that understanding
with the students and introduce them to language that they
may find intimidating. But ultimately, when they realize
they can grasp these concepts, they are very confident in
using the terms. It just takes some time.” By recognizing
the need to develop students’ CT understanding over time,
Sarah demonstrates beliefs about how students learn CT
and again shows an understanding of the importance of
coherence. Throughout the integration and implementation
process, Sarah’s beliefs about CT integration expanded. Her
beliefs now encompass notions of how students learn CT,
ways to make CT instruction accessible to all students, and
understandings of various aspects of CT.

Overall, Sarah expressed a positive attitude about the CT
integration lessons she planned and implemented which
shaped her desire to continue teaching CT in the future.
Sarah said, “I never expected to enjoy it as much as I did.
I've realized the students like learning new things and being
experts. For them to be able to use complex terminology
is really exciting. I would love to bring that to any future



Dektor et al. Journal of Computer Science Integration DOI: 10.26716/jcsi.2024.06.27.54 9

students I have” (Interview). Like Andrew, Sarah’s positive
experiences with CT integration and implementation
supported self-efficacy beliefs (Bandura, 1994) which drive
the desire to continue integrating CT in the future.

KATHERINE

Initial beliefs about CT integration

Katherine’s motivation for joining the project stemmed
from experiences she had being placed in a classroom
with a mentor teacher who valued CT integration, had
participated in CT integration professional development,
and was actively integrating and teaching CT to her
students. Katherine believed that participating in the project
and learning more about CT would provide her with tools
to make the adopted science curriculum more interesting
and engaging for her students. Additionally, Katherine
wanted to participate in the project because she was
hoping to be hired by the district she was student teaching
in. Katherine’s experiences ultimately shaped her initial
beliefs about CT integration. She said “In my placement
we tie conditional logic and pattern recognition into our
science lessons. Thinking about how things can change and
be explained clearly is a key skill that I want my students to
have” (Interview). While Andrew and Sarah were motivated
to participate because they believed CT and CS instruction
were important for all students, Katherine had experiences
in a classroom where CT integrated lessons were common
and she had seen the ways students could engage in those
lessons, a pattern seen in prior work (Beach, 1994; Johnson,

1994). Katherine explained that she had seen examples of
CT integrated science lessons and she had taught some
of the lessons that her mentor teacher had designed.
Katherine said, “when it came around to planning and
teaching these lessons, I felt like I really saw what a lesson
was that had implemented computational thinking and
seeing some of the connections that can be made to ELD
was really helpful” (Interview).

Features of designed and implemented lessons
Katherine chose to integrate CT into a sequence of three
science lessons where students explored the properties
of liquids. Students had access to bottles with various
liquids in them throughout the three lessons. During the
first lesson, students were tasked with exploring the liquids
and making observations about what happened when they
shook the bottles or rolled them down different objects.
Katherine explained that students were implicitly using
pattern recognition to make observations about the liquids.
In the second lesson, students continued to explore the
liquids but had to identify different properties about the
liquids. There was a heavy focus on using conditional logic
to talk about the liquids and their properties. Katherine
modeled how to explore and use conditional logic while
her students were sitting on the carpet before sending
them back to their table groups to explore. She then
walked around the classroom and supported students in
crafting conditional logic statements about the liquids. She
differentiated her support for students, providing some

e

| Com

Figure 4 Materials used to introduce students to computational artifacts.
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with more structured prompting such as “if I shake the
hand soap, then " while asking others to put their idea
into a conditional logic sentence. Katherine’s intentional
ELD instruction demonstrates her beliefs that CT and ELD
instruction can support student learning at the same time.

In her third lesson, Katherine introduced students to
the concept of a computational artifact by providing a
definition and showing them examples of a flow chart
(Figure 4). She then modeled the activity of building a
flowchart, which she saw as a computational artifact, with
a property input that led to a liquid output. She had her
students draw on the conditional logic statements they had
come up with in the lesson before and asked them to test
and debug their flowchart. Katherine reported assessing
her students informally throughout all of the lessons. The
major challenge Katherine believed influenced her lesson
implementation was the amount of time she was able to
spend on her lessons. She said if she had been in her own
classroom she would have hung up the posters and done
more testing and debugging but being a student teacher
meant she was operating on her mentor teachers’ schedule.
The decisions Katherine made about the aspects of CT she
integrated into her lessons and the ways in which they build
over time highlight her beliefs about how students learn CT.

Overall, Katherine believed her lessons went well. She
thought that her conditional logic lesson went particularly
well saying:

“The chart of our conditional logic statements, 1
thought, was a really good representation of what
we had learned that they could look back on and
have a representation of the language they were
using. They got to a place where they could produce
that language and recall that vocabulary, I was
really impressed and I felt like it was the perfect
amount of information I had given them to chew on”
(Interview)

Katherine was also proud of her computational artifact
lesson but believed she needed to provide her students
more support. She said that there “was a lot of learning
happening and it was creative and I'm happy with how it
turned out. It just didn’t feel as clean [as the conditional
logic lesson].”

Beliefs about ELD supports

Katherine believed ELD was central to her lessons and to
computational thinking instruction more broadly. Questions
about how to best support students’ ELD was at the forefront
of her lesson planning process. In terms of strategies she
actually implemented while teaching her lessons, Katherine
provided visual representations along side the vocabulary
words, provided sentence frames to support language use,

being mindful of how students were using the language
through prioritizing talking over writing vocabulary words,
and providing physical representations of the liquids for
each group to have access to. Katherine’s intentional ELD
integration demonstrates her beliefs about making CT
instruction accessible to all of her students. Katherine also
explained that the design and implementation process
demonstrated that CT-integrated lessons “can be a place
where you can integrate ELD and bring so much more [for
the students]” (Interview). This demonstrates a shift in
her beliefs about the learning opportunities that can be
embedded in CT-integrated lessons.

Beliefs about CT integration after designing and
implementing lessons

At the beginning of the project, Katherine had beliefs about
CT integration and instruction that were shaped by the
work she was doing with her mentor teacher. Katherine
believes that integrating CT into her lessons enhanced the
existing science curriculum and her experiences designing
and implementing lessons shaped her beliefs that ELD and
CT can happen concurrently. She said, “I saw how CT can
really add to [the science] and it can be a place where you
can integrate ELD and just bring so much more...CT can
connect to more than I thought it could” (Interview). In her
interview, Katherine defined CT as “ways to break problems
down or to think about problems or categorize problems
differently and have approaches to problems. So whether
you’re using abstraction or conditional logic, these are
different approaches to how you can think about what steps
you're taking to solve a problem.” Katherine believes that
she will continue to use aspects of CT to support students’
language use and that algorithms and conditional logic
are simple aspects she can have students engage with
throughout the year. Like the other two PSTs, Katherine’s
existing beliefs were revised based on her experiences
with the integration and implementation work, echoing
prior work where self-efficacy beliefs were strengthened
because of the positive experiences participants had
(Beach, 1994; Johnson, 1994).

DISCUSSION

This study examined how participation in a design project
supported and shifted PSTs beliefs about CT. Participation
in design work functions as participation in a social
process, which Mead (1934) claims is important to the
development of beliefs. The three PSTs highlighted in
this study joined the project with pre-existing beliefs
about CS/CT education. This study demonstrates how the
experience of successfully co-designing and implementing
lessons that integrated CT and fostered beliefs that they
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could support their multilingual learners through the use
of particular instructional strategies. After designing and
implementing lessons, the three PSTs’ beliefs about CS/
CT integration changed- PSTs were more detailed about
what CS/CT education should look like in practice (e.g.,
coherence of learning where it builds incrementally) and
had developed beliefs in their own ability to develop and
teach CT-integrated lessons.

PSTs HAD PRE-EXISTING BELIEFS ABOUT CS
EDUCATION OR CT INTEGRATION

All 3 PSTs joined the project with existing beliefs about
the importance of teaching CS and CT to their students.
However, Andrew and Sarah voiced beliefs about CS and
the importance of CS education for students’ futures,
they did not realize CT could support students’ CS
understandings and be integrated into their classrooms.
This differs from Katherine’s pre-existing beliefs which
highlighted the importance of CT integration because
her mentor teacher prioritized CT integration in their own
teaching. It is important to acknowledge that all PSTs had
beliefs before participating in the project because beliefs
do not develop in a vacuum but over time and through
participation in social processes (Mead, 1934). This finding
is of particular note because Katherine was the only PST
who had beliefs specific to CT integration and was the only
PST who had already been exposed to CT integration in her
student teaching placement. This reinforces the notion of
the role of participation in social processes, engaging with
the external world, and making-meaning internally (Biesta
& Tréhler, 2016). This finding is reinforced by Love et al.
(2022) who suggest that teachers’ beliefs about the value
of CT/CS integration work can be positively influenced by
participation in professional development.

PSTs HAD DIFFERING BELIEFS ABOUT CT
INTEGRATION

While all three PSTs were successful in their design and
implementation, each PST took on varying levels of CT
to integrate into their lessons. Andrew focused on one
aspect of CT, Sarah focused on two aspects and introduced
them as separate concepts, while Katherine integrated
two aspects and had students use them together. When
looking across cases, it appears that Andrew chose the
most straightforward way to integrate CT into his lesson,
focusing on one aspect for both lessons. Sarah chose two
aspects of CT to focus on but they each functioned on their
own. Katherine also chose two aspects of CT but students
were using them together by the third lesson. This shows
how Katherine’s beliefs about CT integration differ from
the other two PSTs because she believed that conditional
logic and computational artifacts could be taught together

and students would be able to engage in both aspects.
Katherine was the only PST who had a mentor teacher
who taught CT reqgularly, which may have influenced
her beliefs about CT integration and highlights the role a
mentor teacher can have on PSTs’ beliefs about instruction.
Coenraad et al. (2021) found that teachers who integrated
CT into science lessons did so to varying degrees and the
variation seemed to differ across concepts. This reinforces
the notion that integration can happen at different levels
as is visible with the PSTs in this study.

Additionally, Izadinia (2015) suggests that the type of
relationship PSTs have with their mentor teachers can shape
their professional identity as a teacher. It is possible that
Katherine’s positive relationship with her mentor teacher
allowed her to feel supported as she completed the lesson
design and implementation work, ultimately increasing her
self-efficacy beliefs. The relationship with her mentor teacher
also provided her opportunities to engage with CT-integrated
lessons and collaborate with a teacher who had experience
with CT integration, functioning as a social process which
can influence belief development (Mead, 1934).

PSTs BELIEVED THEY COULD PROVIDE ELD
SUPPORTS TO ENSURE ALL STUDENTS WERE
ENGAGING WITH CT IN THEIR LESSONS

All 3 PSTs believed that they could support their ML students’
engagement with their CT-integrated lessons by including
intentional ELD instructional strategies in their lessons. The
use of intentional ELD strategies demonstrate PSTs’ beliefs
that ELD and CT can be taught together and that students
will need specific supports to be able to engage with the
CT aspects in the lessons. In addition to beliefs about the
use of intentional ELD, Katherine believed that CT provided
opportunities to enhance students’ language use and
vocabulary development. PSTs beliefs about ELD strategies
aligns with Jacob et al. (2018)’s principles for CT language
development including explicit vocabulary instruction
and supporting emerging literacy skills with the use of
strategies such as sentence frames. Jacob et al. (2018) also
discuss the importance of culturally relevant curriculum
that results in students creating artifacts informed by
their own interests. Sarah was the only PST who chose to
develop her own lessons (not using the district adopted
curriculum) based on her students’ interests in rockets and
space, perhaps demonstrating an emerging belief about
the importance of culturally relevant curriculum.

PSTs’ BELIEFS ABOUT CT INTEGRATION
CHANGED AFTER DESIGNING AND
IMPLEMENTING LESSONS

All three PSTs held beliefs about the importance of CS
education, however after they designed and implemented
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CT-integrated lessons, their beliefs about CS education
changed. Sarah expressed beliefs that CT learning should
happen over time. Andrew expressed beliefs that CT can
help students understand lesson content better. Katherine
believed that CT can enhance lessons. All of the PSTs were
able to discuss particular aspects of CT and explain how
they can help students solve problems. While PSTs did
not experience a drastic change of beliefs such as from
not believing in CS education to believing, their beliefs
were refined over time through their participation in a
social process involving designing and implementing CT-
integrated lessons. This finding reinforces Margulieux et
al. (2022)’s study examining how PSTs’ definitions of CT
evolved over time as they gained more experience with
CT integration. This refinement of beliefs exemplifies
the promise of transformative teacher education. These
PSTs took the opportunity to participate in a learning
experience that happened outside of their teacher
preparation requirements and these findings indicate the
transformative potential of this work.

CONCLUSION

If PSTs already have beliefs about the importance of
CT instruction, then teacher education programs must
provide the support and opportunities for PSTs to engage
in the work in order to deepen existing productive beliefs
or opportunities for beliefs to change through rich teacher
learning tasks (e.g., design work). While this work was
embedded in a larger grant funded project, the scope of
the design work in this study offers the possibility that
there are opportunities for methods course instructors to
include CT integrated lesson design projects within existing
assignments. Providing necessary information about CT
and examples of integration before offering opportunities
for PSTs to integrate CT into lessons they are already
required to design and implement, perhaps a supplemental
assignment, would be one way to begin to leverage PSTs’
existing beliefs and provide opportunities for them to build
upon those beliefs.

Another important implication of our study is revealed by
challenges faced with recruiting and retaining participants.
Many PSTs chose not to participate due to conflicting tasks
in their teacher education program, mainly, the teacher
performance assessment. Even with the $500 payment,
the potential hiring advantage in the school district, and
the personal guidance in developing their integrated CT
lessons, half of the PSTs placed in the district said that the
performance assessment (CalTPA) was an overwhelming
obstacle to their participation. And like the PSTs in Frazier

and Trekles’ (2020) study, our participants all reported
that the performance assessment was a burden that
prevented them from focusing on their CT lessons. Many
other teacher educators have documented the overload
of teaching performance assessments and concluded that
whatever value they might have pales when compared to
the time and pressure placed on program faculty and PSTs
(Cronenberg et al,, 2016). We understand the arguments
made in favor of teaching performance assessments (e.g.,
Whittaker et al., 2018), but if teacher education hopes to
be transformative, inviting PSTs to experiment with new
methods and curriculum, such as CT integration, then
the completion of a performance assessment represents
an apotheosis of educational conservation and the death
of the progressive, experimental schooling that Dewey
advocated (Lagemann, 1996).

LIMITATIONS

This study took place with PSTs placed in a school district
that has emphasized the importance of CT/CS instruction
for the past 4 years. Because of this focus, some of
the mentor teachers had their own beliefs, about and
experiences, with CT/CS instruction and were able to
provide their PSTs more support than other mentor
teachers could. Given the support of the partner school
district, we acknowledge that our results may not be
entirely replicable in other contexts, however there remain
implications for the ways in which PSTs can be supported
in CT integration work. The small sample size may limit
the generalizability of the findings, but our results offer
an example of possible activities that can support PST
learning in their placement context.

APPENDIX 1

PRE-SURVEY QUESTIONS

1. What is your name?

2. Where are you student teaching?

3. What grade level are you student teaching in?

4. What experiences have you had with computer science
or computational thinking?

5. What do you think it should look like to have students
use and learn about “computational thinking” in your
classroom?

6. What do you hope to learn or gain from participating in
cSINO?

7. What might make participating in cSINO challenging?
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APPENDIX 2

SEMI-STRUCTURED INTERVIEW PROTOCOL
Thanks for taking the time to talk today... I'll ask some
questions about you and your lessons. They are designed
to help us understand how you integrated CS and/or
Computational Thinking into a lesson or curriculum. We
will keep the details of your reflection confidential. In our
research papers, we might quote you, but we won’t say it
was you. We might also share the lesson plan you created
with other educators.

SECTION 1: GOALS

1. What did you hope to learn or gain from having the
opportunity to integrate CS and/or Computational
Thinking into two lessons?

2. In what ways do you feel the goals you had were met
(or not)?

3. How did the importance Santa Cruz City Schools placed
on this work influence your decision to participate (if at
all)?

SECTION 2: IDEAS ABOUT COMPUTATIONAL
THINKING

4. How would you explain what “computational thinking”
is to someone not familiar with it? (Prompt with
aspects of CT [e.g., “decomposition,” “algorithms,”

“conditional logic (IF...THEN...)”] as needed)

5. A colleague at your future school is curious about
how to best integrate “computational thinking” into
their class. What advice would you give them ? (Probe
for what learning might look like over time if not
mentioned, e.g., several lessons)

SECTION 3: REFLECTION ON TEACHING LESSON

6. What grade/subject did you teach for your lessons?

7. Describe the lessons your students engaged in that
integrated CS or Computational Thinking.

8. What was the overall goal of the lesson?

9. What CS/Computational Thinking concepts did students
engage with?

10. What, if any, English Language Development (ELD)

strategies did you use during your lessons?

11. How did you assess student learning in this activity?
12. On ascale of 1-10, how do you feel the lessons went?
1 = needs substantial modification; 10 = these are

some of my best lessons. Please explain why you
chose the rating in the previous question.

13. If you could continue to do lessons after this lesson
with students, what would you want them to do next?

SECTION 4: REFLECTION ON PLANNING LESSON

14. Describe how you went about planning the lessons
students engaged in.

15. What proved helpful in planning your lessons? How so?

16. What proved challenging when planning your
lessons? How so? (Probe for institutional barriers if not
mentioned, e.qg., school/district expectations, MA/C
requirements, etc.)

17. Looking back, what additional support(s) would have
been useful to have in planning your lessons?

18. How much support did your cooperating teacher offer?

CLOSE

19. What do you think about trying to continue to
integrate CS or Computational Thinking experiences
into your future classroom?

20. Have you started the CS endorsement class?

a. If yes, how far have you gotten? When do you
anticipate finishing? What have you learned from
it?

b. If not, why have you not started it? Do you plan on
starting it?

21. Is there anything else we have not asked about that
you would like to tell us about? If so, please share.
22. Please email me or share a copy of your lesson plan.
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