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Abstract: With the deepening of information technology and ongoing higher education reforms in
China, the course Computer Organization Principles faces challenges such as abstract content, a
disconnect between theory and practice, and difficulty integrating ideological and political educa-
tion. To address these issues, this study develops a hybrid instructional model that integrates both
online and offline components, combining the BOPPPS teaching framework with blended learning
strategies. In the pre-class phase, clearly defined learning objectives and diagnostic pre-assessments
are delivered online to stimulate autonomous learning; during class, contextualized case studies
and collaborative group activities support participatory learning; in the post-class phase, laboratory
reports and reflective summaries close the loop between knowledge and values. A diversified eval-
uation system ensures fairness and comprehensiveness, offering valuable insights for the ongoing
improvement and refinement of the teaching model. Empirical results from a controlled experiment
with two cohorts demonstrate that this blended model not only enhances students' technical com-
petencies but also effectively cultivates their values, indicating strong potential for broader imple-
mentation.

Keywords: blended learning; BOPPPS teaching model; course ideological and political; Computer
Organization Principles

1. Introduction

In the curriculum system of computer science and related disciplines, Computer Or-
ganization Principles is a fundamental yet abstract and theory-intensive course that also
demands practical application. It serves as a critical link between basic subjects like digital
logic and advanced topics such as assembly language, operating systems, and computer
architecture. Similar to how artificial intelligence has been leveraged to support non-na-
tive learners in mastering complex language systems, innovative instructional strategies
are needed to make abstract computing concepts more accessible, engaging, and value-
integrated [1-3]. Through this course, students develop a systematic understanding of
core concepts such as computer system structure, instruction sets, data paths, and control
unit design, thereby laying a solid foundation for future work in hardware design, system
optimization, and engineering practice.

However, in actual teaching practice, the course faces several significant challenges.
First, the content is abstract and heavily theoretical, involving complex concepts such as
logical reasoning, binary operations, control logic, and structural design, which students
often find difficult to comprehend and internalize. Moreover, the course is highly system-
atic and logically coherent, with tightly interconnected knowledge points. Weak founda-
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tional understanding in one area can easily lead to learning disruptions in others. In ad-
dition, due to limitations in teaching resources, instructional tools, and curricular struc-
ture, the practical component of the course often fails to integrate effectively with theoret-
ical teaching, depriving students of the opportunity to reinforce their understanding
through hands-on experience. As a result, a common issue arises: students excel in theory
but lack practical skills.

Furthermore, traditional teaching models predominantly rely on lecture-based in-
struction, in which students passively receive information with limited classroom inter-
action [4,5]. This hampers the development of critical thinking and self-directed learning
skills. At the same time, under the educational initiative of moral and value-based educa-
tion in the curriculum, an urgent challenge is how to integrate value-oriented education
into a technically rigorous course such as Computer Organization Principles, thereby
achieving both knowledge transfer and moral education [6].

In the context of educational reform in the new era, transforming classroom instruc-
tion and enhancing the overall educational effectiveness of courses have become core ob-
jectives for higher education [7,8]. The BOPPPS model, a structured teaching framework
that emphasizes student-centered learning, has been widely adopted across disciplines.
Meanwhile, blended teaching — integrating online and offline instruction — represents
the deep convergence of modern information technology with traditional pedagogy,
breaking the constraints of time and space and enabling more flexible and personalized
learning experiences. The concept of integrating moral and value-based education into the
curriculum calls for professional courses to not only impart technical knowledge but also
foster students' moral development. The integration of these three approaches — BOPPPS,
blended learning, and moral education — promises to build an effective bridge between
theory and practice, between knowledge and values, thereby enhancing the overall edu-
cational impact of the course [9,10].

Based on this background, we took the course "Computer Organization Principles"
as the research object and proposed the design and implementation of a hybrid teaching
model that combines the BOPPPS framework with ideological and political education,
aiming to stimulate students' interest and participation, improve teaching effectiveness,
and achieve synergy between knowledge acquisition and moral development.

2. Preliminaries

In this chapter, we introduce two key instructional technologies that underpin our
teaching model: the BOPPPS framework and blended learning techniques.

2.1. The BOPPPS Teaching Model

The BOPPPS framework (Bridge-in, Objectives, Pre-assessment, Participatory Learn-
ing, Post-assessment, Summary) is a systematic and structured instructional design ap-
proach that centers on learners and continuous formative evaluation [11]. Its six compo-
nents serve distinct pedagogical functions:

1)  Bridge-in: Capture students' attention and contextualize new content by pre-
senting real-world cases, challenging scenarios, or current events, thereby stim-
ulating intrinsic motivation and framing the learning task.

2)  Objectives: Articulate clear, hierarchical goals encompassing knowledge acqui-
sition, skill development, and value cultivation. This clarity enables learners to
monitor their own progress and align their efforts with expected outcomes.

3) Pre-assessment: Diagnose prior understanding and identify knowledge gaps
through quizzes or diagnostic surveys. The results guide differentiated instruc-
tion and targeted support during subsequent learning activities.

4)  Participatory Learning: Engage students in active knowledge construction via
collaborative discussions, hands-on experiments, case analyses, and project-
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based tasks. This "learning by doing" strategy deepens comprehension and fos-
ters critical thinking.

5) Post-assessment: Provide immediate feedback on learner performance using
class polls, quizzes, or peer review. Timely insights allow instructors to adjust
teaching strategies and help students reflect on their learning.

6) Summary: Consolidate key concepts and reinforce both cognitive and affective
goals through instructor-led or student-generated summaries, ensuring a dual
focus on technical understanding and embedded values.

By delineating each phase and embedding ongoing feedback loops, the BOPPPS
model enhances student engagement and instructional precision. Its effectiveness has
been validated across engineering, language education, and management courses, offer-
ing a solid theoretical foundation for this blended teaching study.

2.2. Blended Learning Techniques

Blended learning combines the strengths of online and face-to-face instruction within
a three-stage cycle — pre-class, in-class, and post-class — to create a flexible, learner-cen-
tered experience [12]:

1)  Pre-class: Learner's access micro-lectures, digital readings, and formative quiz-
zes at their own pace. Learning analytics track engagement and performance,
enabling instructors to tailor in-class activities to diverse learner needs.

2) In-class: Classroom time is devoted to resolving difficulties, facilitating peer col-
laboration, and conducting practical exercises. Methods such as flipped class-
rooms, team-based projects, and instant response systems foster dynamic inter-
action among instructor and students.

3) Post-class: Online discussion forums, assignment platforms, and capstone pro-
jects extend learning beyond the lecture. Reflective writing and peer assessment
encourage deeper processing and reinforce concept mastery.

This integrated approach transcends traditional temporal and spatial constraints,
bolsters learner autonomy, and maximizes instructional impact. By aligning with the
BOPPPS structure, blended learning provides the optimal environment for implementing
a participatory, feedback-rich pedagogy in the Computer Organization Principles course.

3. Design and Implementation of the Instructional Model

This chapter details the instructional design and implementation strategy of our hy-
brid teaching model, with a focus on aligning pedagogical structure, operational work-
flows, and ideological integration. By refining each phase of the teaching process — pre-
class preparation, in-class activities, and post-class consolidation — we aim to create a
replicable, scalable, and effective model that simultaneously advances technical compe-
tencies and ideological education.

3.1. Framework and Workflow

Our approach seamlessly blends the BOPPPS framework with a three-stage blended
learning cycle — pre-class, in-class, and post-class, as illustrated in Figure 1.
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Figure 1. The Teaching Model of BOPPPS + Blended Learning.

1)

3)

Pre-class: We move the BOPPPS Objectives and Pre-assessment steps into the
online environment, where they reinforce one another. Students watch a 3-5-
minute micro-lecture on CPU evolution and domestic chip innovations via the
learning platform. They then review the session's stated objectives (knowledge,
skills, values) and complete a diagnostic quiz to gauge their prior understand-
ing. Quiz results are returned immediately, enabling instructors to provide tar-
geted, personalized guidance before the in-person session.

In-class: The BOPPPS Bridge-in and Participatory Learning steps occur during
the live class. Students form teams of three to four and carry out the tasks as-
signed by the instructor. Each group presents its work on the board or projector.
When difficulties arise, learners raise questions and receive on-the-spot support
from the instructor or teaching assistant. At the end of class, the instructor leads
a summary discussion, and student representatives reflect on both the technical
achievements and the ethical responsibilities involved.

Post-class: We assign the BOPPPS Post-assessment and Summary steps as fol-
low-up activities. Students complete a hands-on lab exercise, then write an ex-
perimental report detailing their procedures and insights. This report also
serves as formative feedback for shaping the next session's objectives and pre-
class diagnostic quiz.

Through this design, an integrated learning process is created that combines online
preparation and diagnostics, in-class interaction and practice, and post-class feedback and
reflection in a continuous cycle. This integration of blended learning and the BOPPPS
framework enhances instructional effectiveness and promotes comprehensive student de-
velopment, including both technical skills and moral growth.

3.2. Detailed Module Design

Computer Organization Principles is divided into four progressive units, each of
which combines technical content with moral and value-based education:

D)

2)

Unit 1: Introduction. This unit defines the course's scope, historical evolution,
and learning objectives. Guided discussions prompt students to appreciate the
importance of computer organization, followed by team presentations of learn-
ing expectations. Emphasis is placed on promoting a sense of technological re-
sponsibility and awareness of societal contributions.

Unit 2: Computer System Hardware Architecture. Covering bus systems,
memory hierarchies, and I/O interfaces, students engage in hands-on hardware
teardown demonstrations and online concept quizzes. The unit fosters collabo-
ration and a diligent work ethic.
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3)  Unit 3: Central Processing Unit. Focusing on CPU internals, data paths, and con-
trol signals, learners build a basic ALU on an FPGA and present the CPU oper-
ational flow in groups. Reflection activities underscore innovation and a scien-
tific mindset.

4)  Unit 4: Control Unit. Exploring hardwired versus microprogrammed control,
students design a simple instruction controller and participate in structured de-
bates. Ethical considerations and social responsibility are highlighted through-
out.

Table 1 below summarizes each unit's core topics, learning activities, and embedded

ideological elements.

Table 1. Detailed Design Table of Each Unit of Computer Organization Principles.

Ideological Ele-

Unit Core Topics Learning Activities
ments

C e . . ) Cultivation of na-
. Course significance, Discussion: importance of . .
Unit 1: Intro- tional pride and

historical develop- computer organization; team

duction . , : sense of responsibil-
ment, objectives expectation presentations ity
Unit 2: Hard- Bus structures, Promotion of team-

H t -
ware Archi- memory hierarchy, I/O ardware teardown demon work and diligent

stration; online quizzes

tecture interfaces scholarship
Unit 3: Cen- FPGA-based ALU implemen- Encouragement of
CPU components, data . . . .
tral Pro- . tation; group workflow  innovation and sci-
. ., paths, control signals . I
cessing Unit presentations entific attitude
Hardwired vs. micro- Emphasis on tech-
Unit 4: Con- Instruction controller design . P .
) program control, con- nical ethics and so-
trol Unit challenge; classroom debate

trol signal design cial responsibility

4. Assessment System and Teaching Effect

This chapter focuses on the model design and detailed unit design of computer com-
position principle based on BOPPPS + hybrid teaching mode, constructs an evaluation
system and compares and discusses the teaching results.

4.1. Assessment System

For a complete teaching activity, there must be not only a teaching process, but also
a corresponding evaluation and assessment system. Therefore, in the assessment mode of
the computer composition principal experiment course, personal performance assessment,
stage test, and final examination are designed, and the proportion of each part accounts
for 30%, 30%, and 40% of the final score. Among them, personal performance assessment
is mainly composed of teacher evaluation, student self-evaluation, class evaluation, and
group evaluation, accounting for 25% respectively. Group evaluation is mainly obtained
by averaging the scores of other members of the group. The class evaluation score is the
average score obtained by removing the scores of group members. The teacher evaluation
is a comprehensive score given by the teacher based on the completion of the students'
Supernova Learning Pass tasks, pre-test and post-test scores, attendance check-in, class-
room performance and communication and interaction. The score of the final examination
is the students' final exam results.

4.2. Teaching Effect

In this experiment, the Computer Organization Principles course is taught over 32
class hours, and we conduct control experiments on students from different classes of
computer majors in 2022. For students in Class 1, we use the BOPPPS and hybrid teaching
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dents in Class 2, we use the normal lecture teaching mode for teaching. The following
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Figure 2. Comparison of Final Exam Scores.

It is evident from Figure 2 that the number of students scoring between 80 and 100 in
Class 1 far exceeds that in Class 2, while the number of students scoring below 60 is sig-
nificantly lower in Class 1 than in Class 2. These results demonstrate that our proposed
teaching model significantly improves student performance when implemented.

5. Conclusions

This study developed and implemented a novel instructional model for the Com-
puter Organization Principles course by integrating the BOPPPS framework with a three-
phase blended learning approach and infusing ideological and political education into
each unit. Comparative analysis between the experimental group (Class 1) and the control
group (Class 2) demonstrates that our model significantly enhances students' conceptual
understanding, practical skills, and classroom engagement through its closed-loop design
of online goal-setting and diagnostics, in-class participatory learning, and post-class re-
flection.

Moreover, the systematic incorporation of ideological elements fostered students'
sense of national identity, innovative spirit, and social responsibility. A diversified evalu-
ation system ensured fairness and comprehensiveness, providing actionable data for con-
tinuous refinement. Overall, this instructional model successfully balances technical com-
petency development with value-oriented education, and shows strong potential for
wider application in computer science and engineering courses. Future work may lever-
age learning analytics to further personalize instruction and extend this framework to
other disciplines.
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