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ith the advent of com-
puting technologies,
computing education
has become increas-
ingly important. While traditional
computing education curricula have
become more technology-focused, it
is necessary to consider these curric-
ula from a broader perspective, par-
ticularly from the students’ learning
and development viewpoint. This
article first presents a Computing
for Application, Research, Entrepre-
neurship, and Service (CARES) model
for computing education,! which ex-
plores computing education from a
macro perspective. It provides insights
for enriching curriculum design to
include a core layer and a career/de-
velopment layer. On the other hand,
following the COVID-19 pandemic,
hybrid classrooms (that is, simul-
taneous class sessions composed of
in-person and online students) are
trending toward a new norm. Thus,
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the second part of this article takes a
micro perspective of computing educa-
tion by presenting the content, commu-
nity, communication, and collabora-
tion (4C) framework.2 This framework
is designed to bolster the hybrid class-
room experience.

In summary, this article aims to an-
swer two questions, one from the macro
and another from the micro perspec-
tive: 1) How can we enrich computing
education in particular to take into con-
sideration students’ learning and devel-
opment? 2) How can we more effectively
teach in a hybrid classroom setting,
taking the fundamental elements of a
classroom into consideration?

CARES MODEL FOR
COMPUTING EDUCATION:
A MACRO PERSPECTIVE
This section explores the CARES model
for computing education from a macro
perspective. Figure 1 depicts the CARES
model. This CARES model provides a
novel design to support more engaging
computing education. This model has
three layers: the core layer (“think”), the
course layer (“learn”), and the career/
development layer (“develop”), each of
which plays a crucial role in the learning
and development of computing students.
The core layer of the model focuses
on developing two fundamental think-
ing skills: computational and creative.
Computational thinking involves prob-
lem-solving using a logical thinking
approach. It includes skills like algorith-
mic thinking, pattern recognition, and
abstraction. Creative thinking involves
creating new and innovative ideas.
Some examples are brainstorming and
lateral thinking. Traditionally, com-
puting education has focused mainly
on computational or logical thinking.
Creative thinking, however, has become
increasingly important in computing
(for example, developing innovative
applications). At the most fundamental
level, the ultimate goal of computing

education is to endow students with the
necessary computational and creative
thinking skills.

The course layer of the CARES model
addresses the curriculum, covering the
knowledge and skills related to com-
puting education. The Association for
Computing Machinery/IEEE Computer
Science Curricula® is a good reference

These areas represent potential career
paths for students after graduation.
Application learning focuses on ap-
plying knowledge to solve problems.
Application is about applying comput-
ing knowledge in a specific area, such as
working as a programmer in a company.
Research learning seeks to advance
knowledge through investigations like

While traditional computing education curricula
have become more technology-focused, it is
necessary to consider these curricula from a

broader perspective, particularly from the students’
learning and development viewpoint.

for this layer, as it covers fundamen-
tal computing topics, like algorithms,
data structures, and programming lan-
guages. In addition to traditional teach-
ing, open educational resources should
be encouraged for student learning and
enrichment. Representative resources
include online courses, tutorials, and
videos that can facilitate learning out-
side the classroom.

The career/developmentlayer ofthe
CARES model comprises four major
concentration areas: application, re-
search, entrepreneurship, and service.

designing more efficient algorithms (that
is, that can run more efficiently than
the existing ones). Research involves
advancing knowledge, such as pursu-
ing a Ph.D. or conducting research in a
laboratory.

Entrepreneurship learning seeks to
realize knowledge by introducing in-
novative services or products to meet
market needs. Entrepreneurship con-
cerns starting a business or joining a
startup (for example, developing an
e-commerce website to sell innovative
products to global customers).

Career/
Development Application Research Entrepreneurship Service
Layer
“‘Develop’
Course Layer )
“Learn’ Curriculum
C_’?hre Il_(?yer Computational Thinking + Creative/Innovative Thinking
in (Critical Thinking and Problem Solving)

FIGURE 1. CARES model.1
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Service learning is about serving
with experience to offer a service to
others without expecting anything in
return. Service involves using com-
puting knowledge and skills to serve
society, such as working for a charity
organization and developing software
to help disabled people.

CARES BASELINE DESIGN
AND IMPLEMENTATION FOR
FIRST-YEAR STUDENTS
This section presents the design and
implementation of a project-based
learning subject based on the CARES
model for first-year students. The ap-
proach can be used as an exemplar
baseline to design and implement sim-
ilar subjects at higher collegiate levels.
The application projectaims to foster
computational thinking and creative
thinking. Most first-year students must
gain the requisite programming knowl-
edge or experience for a new application
project. Hence, choosing a suitable pro-
gramming tool for first-year students
is important. App Inventor® helps stu-
dents rapidly learn how to develop an
application. This tool allows students
to create mobile apps with a graphical
programming interface. App Inventor
also reinforces computational think-
ing. In more traditional programming
education, the emphasis is mainly on
coding. During the design stage, how-
ever, students needed to think about a
creative/innovative application design
and then define the user requirements
by building a concise use case diagram.
Next, they needed to implement the
design through teamwork. With App
Inventor, students develop apps by fo-
cusing on the underlying logic rather
than program syntax. In practice, one
group of students developed a Math
Fighter game for children to learn math
calculation, and another group created
a helpful app to keep track of expenses.
The first-year student can learn how to
design and implement a basic mobile
app through the basic application proj-
ect. As these application projects are
group projects, students also learned
about teamwork.
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There are two considerations for a
successful first-year student research
project. First, the design of a relevant
project is essential. Second, a suitable
tool must be selected for the first-year
student with little or no program-
ming experience. As the application
project tends to be more system/
application-oriented, a data-oriented
research project should be designed
to provide students with a different
computing perspective. With this in
mind, students were asked to study
different machine learning models
for stock price prediction. Orange,® a
data mining and visualization tool,
was chosen for the research tool. Like
App Inventor, Orange also provides a
user-friendly interface so students can
investigate different machine learn-
ing models, such as random forest
and neural networks, to train data and
perform predictions to execute a small
research project. This also seeks to fa-
cilitate students through the primary
research steps: defining a problem,
studying related work, and investigat-
ing and evaluating a method.

The primary consideration for the
entrepreneurship project to focus on
first-year computing students, who typ-
ically need a more substantial business
background, is a practical approach
to the business and service aspects of
computing. Traditionally, students are
asked to complete an entrepreneurship
project by writing an extended busi-
ness plan. Using this approach, stu-
dents fill in a business plan template
where most input only requires rote
passive rather than active thinking.
The first-year student CARES business
project uses a concise C3 Model-Map!
to address this issue. This tool en-
courages students to concentrate on
thinking about some key business ele-
ments. This is the entrepreneur’s first
and most important step, focusing on
three initial core elements: customer,
concept, and company. Ultimately lead-
ing to a company with people, product,
profit, promotion, place, and part-
nership (6P), the Model-Map seeks to
guide students in shaping a business

idea, including identifying customer
needs, developing a business concept,
and outlining a company with all 6P
elements. Finally, each group delivers
a presentation on their business idea.
While they were free to propose busi-
ness ideas, some students also linked
them to their application projects. The
entrepreneurship project aims to cul-
tivate students’ creative thinking and
enhance their writing and presenta-
tion skills.

A service element was not incorpo-
rated into the first-year student semi-
nar subject, as another subject set the
stage for service learning.

Based on the CARES model, the
project-based first-year student sub-
ject received positive student com-
ments and feedback. In particular,
Table 1 shows how the CARES model
facilitates students’ understanding of
the application, research, and entre-
preneurship aspects of computing and
further fosters both computational
and creative thinking. This can bet-
ter prepare students to study other
computing subjects as they advance
through the curriculum.

THE 4C FRAMEWORK FOR
HYBRID CLASSROOMS
Looking at the micro aspects of com-
puting education learning, we turn
to the 4C framework for hybrid class-
rooms,” as shown in Figure 2. The
COVID-19 pandemic changed higher ed-
ucation, and hybrid classrooms are now
becoming a new norm. Postpandemic,
this teaching arrangement of combin-
ing in-person and online students in
a simultaneous classroom experience
has been adopted by many institutions
worldwide. To support hybrid class-
rooms, however, one mustrethink some
traditional approaches. To address this
need, the 4C framework highlights four
essential components for effective hy-
brid classrooms: content, community,
communication, and collaboration.
Content is the most fundamental
component of the hybrid learning ex-
perience. It involves presenting teach-
ing materials, such as slides, videos,
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and other multimedia resources. In a
hybrid classroom, content should be
equally accessible to in-person and on-
line students.

A sense of community emphasizes
the importance of belonging in alearn-
ing environment. In a hybrid class-
room, it is important to ensure that
in-person and online students feel part
of a learning community rather than
learning alone. This can be achieved
through group activities or exercises.

Communication is essential in an
effective classroom so students can ask
questions and communicate or interact
with others (thatis, the teacher or other
students). In a hybrid classroom, com-
munication can be facilitated through
various channels (for example, chat
messages and discussion forums).

Collaboration is also important and
closely related to community. In an ef-
fective classroom, students should be
active listeners and actively involved
in learning. For hybrid classrooms,
collaborative learning activities can
be facilitated through group exercises,
discussions, and other innovative means
of engaging students.

SHARED EXPERIENCE:
TEACHING IN A HYBRID/
ONLINE CLASSROOM

This section highlights the common
issues in running hybrid classrooms
and offers practical experience in ad-
dressing the problems using existing
software based on the 4C framework.
Many teachers use video conferencing
software, like Zoom, to deliver tradi-
tionallectures to hybrid class sessions.
They often focus on presenting lecture
slides as a one-way presentation. This
common practice, however, is an expe-
dient way to deliver alectureina class-
room environment. The 4C frame-
work provides a basis for recreating
a “classroom” in a learning-enriched
hybrid environment. For content, be-
sides solely relying on lecture slides,
there must be other teaching/learning
materials in play. There must also be
a seamless way to present these ma-
terials, including smoothly switching

among slides, videos, and websites
without the tedious opening and clos-
ing applications to show their con-
tent. The 4C framework, as shown in
Figure 2, demonstrates how Microsoft
Teams can seamlessly supporta hybrid
classroom. During the COVID-19 pan-
demic, this 4C framework-based ar-
rangement facilitated a hybrid class for

the aformentioned CARES-based sub-
ject. Teams was launched as the back-
drop with a sizable content window to
the left and a chatbox to the right. The
shared screen allowed in-person and
online students to see the same view
as the remote students. For the content
component, applications such as Pow-
erPoint slides or a Web browser with

TABLE 1. Design of a project-based first-year student
seminar subject based on the CARES model.

CARES elements
and project nature

Application
(group project)

Key design principles

» Using App Inventor as a graphical programming tool for
first-year students, thus focusing on logic not syntax

» Designing a mobile app using a concise use case diagram

and implementing it using App Inventor
Cultivating creative thinking, computational/analytical
thinking, and teamwork

Research
(individual project)

Using Orange as a graphical data mining tool for first-year
students to explore various machine learning models
Going through basicresearch steps to investigate stock
price prediction by conducting an individual research
project

Cultivating computational/analytical thinking, possibly
with creative thinking (for example, creative ways to
tackle the research problem)

Analyzing and presenting research results

Entrepreneurship
(group project)

Using a concise C3 Model-Map to shape abusiness idea,
possibly linked to the application project

Focusing key business elements: customer, concept, and
company (with 6P: people, product, profit, promotion,
place, and partnership)

Cultivating creative thinking and analytical thinking
Enhancing presentation and writing skills

Questions based on

Content (Slides, Websites etc.) and
Collaboration (Group Exercises)

https://ocw.mit.edu/courses/15-390-new-enterprises-spring-2013/resources/lecture-2/

Community
(Video View)

<

Communication/
Community (Chat Messages)

FIGURE 2. The 4C components.2
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different tabs, were superimposed
on the content window. Note that the
“Browsed by an individual slideshow”
option should be used to adjust the
window size flexibly for presenting
PowerPoint slides.

Furthermore, related open educa-
tional resources, such as videos, were
shown through the Web browser (for
example, using the 3E framework?).
The applications must be seamlessly
switched via the menu bar, providing
smooth transitions. When presenting
slides and other materials, annotations

Recorded Lectures
YouTube Videos

Group Exercises
Multiple-Choice Questions
Annotations

Slides

Chatbox

Video View

65 70
% Strongly Agreed/Agreed

FIGURE 3. Student survey.2

should highlight key points. Students
found the annotations helpful in main-
taining pace with the lecture flow. As
mentioned, community feeling is es-
sential in an effective classroom. The
community feeling weakens should
only lecture slides be presented via
video conferencing software.

As shown in Figure 2, the video
view of the classroom was displayed
in the top right corner to enhance the
community element, fostering a sense
of engagement. Moreover, group ac-
tivities were conducted through the

75 80 85 90

TABLE 2. Key features based on the 4C framework.

The 4C elements | Key features

Content » Presentingslides, videos, websites, and other teaching

menu tabs

materials through a common content window
Switching between teaching materials seamlessly through the

» Usingannotations on the whole screen for highlighting slides,
websites, and other materials
Recording lectures for student revision

Community » Displayinga classroom video view

« Usinga chatbox for community interaction (for example,
showing support and emotion)
« Doing group-based activities (see collaboration)

Communication | « Student-to-teacher communication through chatbox so that

while teaching

the teacher can see student messages during presentation or

« Teacher-to-student communication through verbal
communication (for example, answering a question on a slide)
so that both in-class and online students can hear

Collaboration » Answering multiple-choice questions together

» Doing group-based exercises, such as coediting a file with
answers showing through the content window

94 COMPUTER

content window. For instance, students
could answer multiple-choice ques-
tions togetherviatheir smartphones, or
laptops. The collective results were dis-
played in the content window and were
related to the collaboration element.

Communication plays a vital role in
a classroom. While verbal communi-
cation is commonly used in traditional
classrooms, it is more challenging
to communicate verbally in a hybrid
classroom because of echoes and other
acoustic and nonacoustic issues. For
the communication component, stu-
dents preferred communicating through
the chatbox, which can be displayed
beside the content window. While
presenting the slides, the teacher could
easily see chat messages and quickly
respond verbally so that both online
and in-person students could hear
the responses.

Collaboration or collaborative learn-
ing, exemplified by doing something
together for active learning, is an essen-
tial element of hybrid learning. Indeed,
this critical form of reinforcement is
often bypassed in the hybrid classroom.
As shown in Figure 2, students can eas-
ily carry out group exercises, such as
multiple-choice questions or even co-
editing a file, while their answers are
displayed for all to share through the
content window.

A student survey was developed to
evaluate the relative importance of the
4C components to students, and a five-
pointscale was ++ for responses, where
total agreement was rated 100%. Fig-
ure 3 shows the survey results based
on whether students strongly agreed
or agreed with each component/tool.
It reveals that all components are cru-
cial for an effective hybrid classroom.
Interestingly, the students rated “Pre-
sentation slides” and “Annotations” as
the most effective tools, followed by
“Chatbox,” “Recorded lectures,” and
“Group exercises.” These tools cover
all of the 4C components, highlighting
their relative importance in a 4C hy-
brid classroom, as students perceive.
Table 2 summarizes the key features
based on the 4C model.
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his article describes the mech-

anisms of the CARES model

for computing education from a
macro perspective and explores the 4C
framework for hybrid teaching from a
micro perspective. The former model
addresses computing education from
a broad visionary approach, particu-
larly considering students’ learning
and development. The latter frame-
work then addresses some useful
techniques to enhance the growing
trend toward hybrid teaching. In par-
ticular, it considers the fundamental
components necessary for an effec-
tive hybrid classroom. Combined, the
CARES model and the 4C framework
provide valuable insights into comput-
ing education.
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