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ABSTRACT

Recent advancements in technology have opened up new avenues for educators to facilitate teaching and leverage
more learning access in the digital age. As the demand for computational skills continues to grow in preparation
for future careers, both teachers and students face the challenge of developing problem-solving, critical thinking,
communication, and collaboration skills within an emerging digital landscape. Technology adoption, big data,
cloud computing and artificial intelligence pose ongoing challenges for both teachers and students in adapting to
the changing workforce development landscape. To tackle these challenges, the paper highlights the importance of
exploring the implications of learning sciences in classroom teaching, developing a holistic vision for professional
development in education, and understanding the complexities of teacher change. To effectively implement these
components, it is crucial to adopt design approaches that prioritize student ownership in education and embrace the
principles of inclusive education to reconceptualize the teaching practices in education and technology.
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the unprecedented changes in the immediate future
of education . Teachers must acquire fundamental
knowledge and adopt innovative teaching methods
in order to effectively incorporate technology into
their instruction and meet both the academic and so-
cial-emotional requirements of students in the realm
of technology "*. Drawing upon insights from the
learning sciences and teacher education literature,
technology possesses the capability to pave the way
for groundbreaking teaching approaches within
classrooms. By harnessing the power of technology,
educators can unlock diverse learning opportunities
that cater to the needs of all students, including those
from diverse cultural and language backgrounds "',
Emerging technologies could serve as cognitive tu-
tors, peer learners, and conversational agents, in order
to introduce students to novel methods of reflection,
reasoning, and learning in their everyday lives ",
The growing demands in computer science (CS)
education among schools and educational entities
have shown the need to strengthen students’ knowl-
edge and skills in problem-solving and analytical
thinking ™. Therefore, establishing meaningful
pedagogical practices and fostering a culture of life-
long learning are crucial aspects when it comes to
computer science education. The basic premise of
the paper is that integrating CS is a complex process,
which requires much more than simply “shoehorn-
ing” a new curriculum into the school day. Teachers
need to cultivate the skills to design and establish a
student-centered learning environment, purposefully
enabling the effective integration of computer sci-
ence education. Moreover, it is essential to foster a
rigorous community space that encourages learners
to make connections between their acquired knowl-
edge and other areas within the computing field.
This approach helps foster a sense of belonging
to the wider computing community. In this paper,
we will first synthesize key challenges and oppor-
tunities identified in computer science education.
Then, we will introduce the key components of a
research-based, systematic professional development
approach to build teachers’ capacity to design a stu-
dent-centered learning environment. Finally, we will
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discuss the implications of strengthening teachers’
professional development in the computing science
education community.

2. Key challenges and opportunities

Implementing in school settings presents new
challenges for educators for at least five key reasons.
First, there is a lack of “shared meaning” "' for
computer science as an academic discipline in K-12
education. Teachers should strive to develop a shared
comprehension of both content knowledge and effec-
tive pedagogical practices in order to seamlessly in-
tegrate them into their curriculum planning. Second,
computational thinking is increasingly considered a
foundational skill in the 21st century, but is not sys-
tematically addressed in the curriculum. It serves as
a process for recognizing aspects of computation in
the surroundings and introduces techniques from CS
to understand both natural and artificial systems and
processes "', Third, there is not a clear scope and
sequence for standards in each grade, which creates
challenges for educators interested in developing
student learning plans to integrate CS across disci-
plines. Because of the lack of a scope and sequence,
there is insufficient empirical evidence for student
learning and a lack of clear assessment objectives to
support content definition and sequencing. Fourth,
teachers’ professional development in computer sci-
ence is a new process, which requires more empiri-
cal evidence and research to identify the core profes-
sional development content material and resources
needed to prepare educators for designing stu-
dent-centered learning experiences in education .
Lastly, recent research has emphasized the signifi-
cance of nurturing young people’s capacity to create
through the acquisition of computing skills. The
development of these skills holds substantial impli-
cations for their personal lives and the betterment of
their communities. To ensure that students develop
essential computing design skills, it is imperative
to create an inclusive, motivating, and empowering
learning environment. This could provide students
with greater autonomy to code, break down complex
problems, and apply their learning across various
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contexts to solve real-world problems. However, in
many cases, the curriculum may focus exclusively
on technical challenges and entry points, requiring
students to have prior programming experience. This
limits opportunities for students to engage critically
with a broader curriculum and participate in a larger
computing community. To address the challenge, it
is important to create a wide and deep learning space
for learners, allowing them to connect what they
have learned to other computing and content fields
and fostering a sense of belonging to the greater
computing community "',

One way to address the challenges faced by both
educators and students in computer science educa-
tion is to provide more professional development
opportunities for educators that position teachers
as designers and effectively integrate computation-
al-oriented curriculum into daily learning and teach-
ing. Teachers need the essential knowledge and skills
to plan enriched lessons, select the most relevant
user cases, and design curricula to develop students’
skills in problem-solving, computational thinking,
and critical awareness in education. In addition, in
the design process, teachers can develop student-cen-
tered learning environments that allow students
with different background knowledge to engage
curriculum, develop their interests, and build confi-
dence that empowers them to learn and grow in the
computer science curriculum. Finally, more research
should be conducted to develop high-quality profes-
sional development, which could, in turn, prepare
a cohort of change leaders to innovate pedagogical
practices in computer science beyond programming,
while building local community networks to sustain
the change and innovation in daily teaching.

3. Applying the innovating instruction
model in education

The Innovating Instruction © model has been
developed by the Center for Technology and School
Change, Teachers College, Columbia University.
The model is developed and built upon the theory of
change, learning science, professional development
theories, and the emerging capabilities of technology.
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In this model, teachers take on the role of designers
collaborating with facilitators to co-design projects
that can be implemented in their real school settings.
Technology plays a pivotal role as a catalyst for driv-
ing pedagogical innovation and motivates teachers
as changemakers to advocate and sustain change in
classroom teaching "'*'*. (see Table 1, CTSC Profes-
sional Development model: Innovating Instruction
model).

The model comprises three fundamental compo-
nents: Design, Situate, and Lead, all aimed at assist-
ing teachers in transforming their teaching and learn-
ing approaches. It is imperative for teachers to grasp
effective teaching practices aligned with principles
derived from the learning sciences. This understand-
ing enables them to design environments that foster
meaningful learning experiences and facilitate op-
portunities for students to deepen their understanding
of the subject. Equipping teachers with the capacity
to design curriculum goals, employ formative assess-
ments, and engage diverse students in inquiry-based
learning environments holds great promise in sup-
porting their professional growth ",

The Situate component plays a crucial role in cus-
tomizing the learning experience for each teacher’s
classroom and their students. It not only showcases
engaging pedagogical practices through a hands-
on approach but also offers personalized support to
teachers. Incorporating insights from the learning
sciences, it establishes a foundation for comprehend-
ing the intricacies of learning and thinking. The sci-
ence of learning and development (SoLD) approach
has been utilized to expound upon the “whole child
model”, which underscores the necessity of address-
ing various aspects of students’ academic, cognitive,
ethical, physical, psychological, and socio-emotional
well-being. Specifically, creating a supportive envi-
ronment fosters strong relationships and a sense of
community among students. The situated approach
encourages teachers to position students as active
“knowledge-builders” within an inquiry-based learn-
ing environment "'*'7,

Finally, the Lead component of the model focuses
on preparing teachers to become leaders and col-
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Table 1. Innovating instruction model.

DESIGN—Engage teachers as designers of student-centered, authentic learning experiences

1. Embrace a Design Approach

Model and support a backwards design approach to project planning that creates meaningful
learning experiences for students.

2. Enrich Content Knowledge

Provide opportunities for deepening teachers’ understanding of content, including cross-
curricular connections, learning standards, and student misconceptions.

3. Integrate Assessment Practices

Facilitate the design of authentic assessment and data use to identify and respond to student
needs.

4. Leverage Digital Tools

Teach the integration of digital tools as part of the design process to facilitate interactive
student learning and to enrich content.

particular school and situation

SITUATE—Provide learning experiences for teachers that respects them as professionals and adapts the learning for their

1. Contextualize Teacher Learning

Situate the design work in the professional lives of teachers in order to connect deeply to
the realities of teachers’ classrooms and their students.

2. Model Effective Practice

Provide interactive, hands-on professional development that engages teachers and models
project-based learning with available tools and resources.

3. Individualize Support

Co-construct project plans based on student and curricular needs, provide ongoing support
for classroom implementation, and facilitate reflection on teaching and learning.

LEAD—Support leaders in guiding and sustaining change initiatives, while positioning teachers as agents of change

1. Envision Change

Prioritize instructional leadership and develop actionable goals to promote change in self-
identified areas of need.

2. Empower Leadership at All Levels

Provide a forum for identifying leaders--administrators, teachers, and community members-
-who can spearhead efforts that contribute to the common vision.

3. Sustain A Culture for Innovation

Scaffold educators’ efforts toward instructional innovation to realize goals beyond the
immediate scope of the professional development.

4. Research

and learning

Lead research that informs the transformative use of technology in existing and emerging
practices in schools, while contributing to evolving scholarship on innovations for teaching

Figure. Situate. Design. Lead. © CTSC’s Professional Development Model for Innovating Instruction, Detailed

laborates with building administrators to empower
individual leadership and foster a culture of change
and innovation. The guiding theoretical framework
is the theory of change, which recognizes the com-
plexity of the learning environment and the essential
components required to facilitate transformative
shifts in education. Strategic planning, the effective
implementation of new teaching approaches, and the
continuous development of teachers’ beliefs about
teaching and learning are emphasized as pivotal
factors for driving meaningful change within the
school system. The model also underscores the im-
portance of creating “shared meaning” among key
stakeholders, considering the institutional, historical,
and cultural perspectives that shape relationships and
language in the field of education """,

Two recent National Science Foundation (NSF)
grants—the Systemic Transformation of Inquiry
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Learning Environments (STILE 1.0) for STEM (Ex-
ploratory Award No. DRL-1238643) and STILE 2.0
(Early-Stage Design and Development Award No.
DRL-1621387)—have established the model’s pos-
itive impact on teachers’ ability to design projects,
to shift from disciplinary to transdisciplinary project
design, and to shift instructional thinking to include
inquiry-based approaches. The research findings
from the STILE initiatives demonstrate the posi-
tive impacts of the model on teachers’ pedagogical
change as defined by shifts in STEM perspectives,
STEM design practices, and STEM classroom prac-
tices ', The research in thirteen diverse school con-
texts, included 169 classroom visitations, 372 plan-
ning meetings, and over 51 hours of administrator
interaction. The total average dosage was estimated
at 61 hours per teacher, supporting 169 teachers in
the New York City public school systems, cumula-
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tively ultimately serving over 7536 students. The
research identified positive changes that teachers
have made under the STILE 2.0 program, specifical-
ly in teachers’ ability to design projects, shift from
a disciplinary/subject-orientation to a more sophis-
ticated transdisciplinary focus, and broaden their
instructional thinking to include more inquiry-based
approaches '),

Two recent grants from the National Science
Foundation (NSF), namely STILE 1.0 (Systemic
Transformation of Inquiry Learning Environments
for STEM) and STILE 2.0, have demonstrated the
positive impact of the model on teachers’ capacity to
design projects, transition from disciplinary to trans-
disciplinary project design, and adopt inquiry-based
approaches in their instruction. The research findings
from these initiatives highlight the constructive influ-
ence of the model on teachers’ pedagogical change,
as evidenced by shifts in STEM perspectives, STEM
design practices, and STEM classroom practices.
The research study took place in thirteen different
school settings, comprising 169 classroom observa-
tions, 372 planning meetings, and over 51 hours of
engagement with administrators. On average, each
teacher received around 61 hours of support from
the program, benefiting a total of 169 teachers in the
New York City public school systems and ultimately
influencing over 7536 students. The research find-
ings revealed significant improvements in teachers’
abilities to design projects, shift from a narrow disci-
plinary focus to a broader transdisciplinary perspec-
tive, and enhance their instructional thinking by inte-
grating more inquiry-based methods. These positive
changes were observed as a result of the STILE 2.0

program "',

4. Visionary goals in professional
development and CS education

4.1 A grand vision for professional develop-
ment in CS education

To effectively introduce computer science curric-
ulum in schools, professional development plays a
crucial role for teachers to adopt a broader vision for
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the teaching profession that prioritizes learning and
the needs of learners from diverse communities ''*.
For example, professional development programs
can provide teachers with training and resources to
enhance their pedagogical skills in computer science
education. This could include workshops on inte-
grating technology into lessons, designing engaging
coding activities, or implementing project-based
learning in the computer science classroom. By
equipping teachers with the necessary knowledge
and tools, professional development empowers them
to create meaningful learning experiences and cater
to the diverse needs of their students in the realm of
computer science

With access to resources in computer science
(CS) education, teachers receive valuable support
in designing student-centered learning experiences
that foster the development of students’ identity and
their willingness to actively engage in the broader
computing community “'"’. For instance, through pro-
fessional development, teachers can learn about var-
ious tools, platforms, and instructional strategies that
enable them to create interactive coding projects,
collaborative programming exercises, or real-world
CS applications. By incorporating these resources
into their teaching, teachers can empower students
to explore their interests, develop problem-solving
skills, and cultivate a sense of belonging within the
computing field ?. This not only enhances stu-
dents’ learning experiences but also nurtures their
enthusiasm and motivation to actively participate in
the wider CS community beyond the classroom ).
As a result, students will have more ownership and
responsibility to explore concepts beyond essential
programming ideas (e.g., loops, arrays, conditional
statements). They will utilize their skills to build a
deeper understanding of how these concepts apply
to broader social and cultural contexts. This expand-
ed perspective encourages students to consider the
practical applications of computer science in various
domains, such as healthcare, environmental sustaina-
bility, or social justice ****. By connecting program-
ming skills to real-world contexts, students develop
a more comprehensive understanding of the societal
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impact and significance of computer science, em-
powering them to become critical thinkers and active
contributors to their communities ***”.

Finally, CS professional development should
deepen teachers’ content knowledge and provide
curriculum resources, encouraging teachers to utilize
different means, access, and representations to sim-
ulate abstract concepts in order to develop students’
interests and curiosity in the field ***. Specifically,
ongoing research in professional development should
prepare teachers to continuously innovate pedagog-
ical practices to design, pilot and implement com-
puter science curriculum in classroom settings °°.
It should invite educators to consider a broader, cul-
turally relevant approach that designs curriculum
situated for a range of learners, especially students
who have been traditionally under-represented in the
computing fields ®'". The CS literature has shown
that women and students of color have been over-
looked and excluded by the wider computing com-
munity 8] therefore, it is critical for teachers to iden-
tify effective approaches for engaging all students in

the field of computer science education “>*,

4.2 The complexity of the teacher changes in
CS education

Research findings demonstrate that thoughtful
professional development can significantly impact
teachers’ ability to incorporate technology into their
classroom practices . Studies indicate that teach-
ers’ beliefs and practices can evolve when provided
with clear and specific instructions during profes-
sional development sessions in CS education ™. In
the context of computer science education, ongoing
research should place a strong emphasis on exposing
teachers to the design process and enabling them
to explore the integration of technology in projects
that promote a shift in instructional thinking ®°. For
example, professional development programs can
provide teachers with opportunities to engage in
coding and computational thinking activities them-
selves, allowing them to experience firsthand the
creative process involved in designing and devel-
oping computer programs. These programs can also
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offer teachers access to various technology tools and
platforms specifically designed for computer sci-
ence education. This includes platforms for creating
interactive programming projects, virtual environ-
ments for exploring computer science concepts, and
collaborative coding platforms. Through hands-on
workshops and training sessions, teachers can gain
practical knowledge of these tools and learn effective
strategies for incorporating them into their teaching.
To summarize, professional development initiatives
offer teachers increased opportunities to gain famil-
iarity with a variety of technology tools, demon-
strate their use in classroom instruction, and provide
checkpoints for reflection on the implementation
process ©"**. By successfully employing new prac-
tices and research-based methods, teachers receive
further support in assimilating innovative approaches

into their existing belief systems ***",

4.3 Reconceptualizing teaching practices in
CS education

In the realm of computer science education, it is
crucial to critically examine practices and emerging
research in general education *". For example, teach-
er education programs can incorporate pedagogical
strategies that promote hands-on learning experienc-
es, such as coding workshops or robotics projects.
By engaging students in these practical activities,
they can develop a deeper understanding of program-
ming concepts and gain valuable problem-solving
skills. Additionally, project-based approaches can be
implemented in computer science education . For
instance, students can work on real-world projects
like designing a mobile application or creating a
website for a local business. These projects not only
reinforce technical skills but also encourage critical
thinking and creativity as students navigate challeng-
es and make design decisions .

Collaborative problem-solving is another impor-
tant strategy to consider. An example of this could
be organizing group activities where students collab-
orate to solve complex coding problems or develop
a software solution together **. Through teamwork,
students learn how to communicate effectively, share
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ideas, and leverage each other’s strengths to achieve
a common goal . To stay up-to-date with the lat-
est advancements, it is important for educators to
explore research and developments in educational
technology, computational thinking, and computer
science instruction ", For instance, they can learn
about new tools and platforms that facilitate inter-
active learning experiences or discover innovative
teaching methods that enhance student engagement
and understanding *"".

By reconceptualizing teacher education in com-
puter science, educators can better prepare future
teachers to design and deliver engaging and mean-
ingful learning experiences **. For example, they
can develop new curricular materials that incorporate
coding exercises, multimedia resources, and interac-
tive simulations to make learning more interactive
and dynamic . Furthermore, assessment approach-
es can be adapted to evaluate students’ computation-
al thinking skills, creativity, and problem-solving
abilities . This could involve designing coding
challenges or projects that require students to apply
their knowledge in practical contexts, as opposed
to traditional exams or quizzes that solely focus on
theoretical concepts °". By focusing on these as-
pects, students not only gain technical knowledge,
but also develop the necessary skills to thrive in
an ever-changing digital landscape. They become
equipped with computational thinking skills, creativ-
ity, and problem-solving abilities, which are highly

sought-after in the industry ****.

4.4 Embracing computer science education
for all students with real-world connections

Specifically, effective professional development
should provide teachers with more accessible re-
sources that reduce barriers for teachers to learn,
adopt, and integrate into the daily curriculum ¥, For
instance, providing teachers sample curriculum that
allows teachers to adapt and integrate into current
lesson plans, could be effective for teachers to devel-
op capacity in computer science disciplines, develop
students’ interests in exploring CS topics and en-
courage educators to understand the value of design-
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ing situated, culturally relevant computer science
curriculum ®*. In addition, professional development
should provide teachers with an easy-to-use platform
that could encourage students to quickly build pro-
totype, implementation solutions without creating
complicated programming syntax °°. For instance,
the growing usage of block-based programming lan-
guages (e.g., PoseBlocks, App Inventor) has shown
the value for students to build solutions, implement
design, and create functional mobile applications
without complex debugging and programming pro-
cess . The ongoing research study could further
explore core processes and components that prepare
teachers to use, adapt, and implement computer sci-
ence curriculum with technology integration across
diverse classroom settings domestically and interna-

tionally in computer science education ***,

5. Conclusions

To enhance teacher education in the field of com-
puter science, it is crucial to equip teachers with the
skills to strategically utilize technology in designing
engaging curriculum that promotes deep learning in
computer science education. Given the complexity
of school systems, collaborative efforts involving
researchers, scientists, and professionals are neces-
sary to drive these transformative shifts. To prepare
for the change, the Innovating Instruction model
has shown an effective model to incorporate interac-
tive and hands-on activities, project-based learning,
and real-world applications of computer science
concepts, tailor their instruction to meet the diverse
needs and interests of their students, and constant-
ly refine their instructional techniques and become
more effective educators. By nurturing a community
of practice and fostering collaboration among teach-
ers, researchers, and professionals, the field can col-
lectively drive the adoption of innovative technology
and create a more engaging and impactful learning
environment for students.
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