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Abstract: Aiming at the problems in the
teaching of the "Object-Oriented
Programming" course in colleges for college-
junior college upgrading students, such as
large differences in students' educational
backgrounds, insufficient adaptability of the
traditional "one-size-fits-all" teaching model,
and disconnection between students' practical
abilities and industry needs, this study takes
the college-junior college upgrading students
majoring in Computer Science and
Technology at the School of Applied
Technology of Beijing Union University as the
practical objects. It constructs a two-
dimensional teaching system of "background
- goal" classification and 'ability -
knowledge'" stratification. Students are
stratified through multi-dimensional data
collection and analysis; teaching resource
construction is completed through knowledge
reconstruction and school-enterprise
collaboration; precise resource push and
dynamic adjustment are realized with the
help of an intelligent platform; and finally,
the teaching model is optimized through pilot
verification. The practical results show that
this model has effectively improved the course
pass rate, competition award rate, and
employment contract signing rate of students.
Among them, the employment contract
signing rate of the 2024 graduating class has
increased by 24.6 percentage points compared
with that of the 2023 class, and national-level
competition awards have achieved a
breakthrough from scratch. This provides a
replicable practical path for the teaching
reform of computer-related courses in
college-junior college upgrading education.
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1. Introduction

As an important link connecting higher
vocational colleges and ordinary undergraduate
universities, college-junior college upgrading
education has become a key path for cultivating
applied talents under the background of the
popularization of higher education since its
nationwide implementation in 1999 [1,2]. With
the deepening of the popularization of higher
education, the scale of college-junior college
upgrading students has continued to expand, and
the number of applicants for college-junior
college upgrading nationwide exceeded 2
million in 2023 [3]. At the same time, the
student source structure has shown a diversified
characteristic: the proportion of retired soldiers
has been increasing year by year. Taking the
computer major of Beijing Union University as
an example, retired soldiers accounted for 53.3%
of the college-junior college upgrading students
of the 2023 class; there are significant
differences in students' previous majors, with
only 42.1% of students coming from computer-
related majors, and the rest distributed in
multiple fields such as mechanical and electrical
engineering, economics and management, and
art.

The industrial transformation and upgrading
have put forward higher requirements for the
practical abilities of computer talents [4].
Enterprises not only require students to have a
solid programming foundation but also expect
them to have object-oriented system design
capabilities, teamwork skills, and the ability to
quickly adapt to new technologies. However, the
traditional teaching model of the "Object-
Oriented Programming" course, which features
"unified progress and unified content", is
difficult to adapt to the personalized needs of
college-junior college upgrading students. The
survey found that there are three prominent
problems in the teaching of this course:

(1) The textbook content is highly theoretical,
with insufficient code case analysis. 62% of
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students reported that they "understand the
theory but cannot program". When facing actual
project development, they cannot transform
abstract concepts such as classes, objects, and
inheritance into runnable code.

(2) The teaching method is single, mainly based
on teacher lectures, resulting in the lack of
students' subjective initiative. Students with a
weak foundation, such as some retired soldiers
and students with non-computer majors, are
prone to develop a sense of frustration during the
learning process and have low classroom
participation; while students with a good
foundation feel that "they are not challenged
enough", which affects their learning enthusiasm.
(3) The evaluation system is rigid, with grades
only determined by the final exam. It ignores the
procedural improvement of abilities and cannot
fully reflect students' engineering practice
literacy, teamwork skills, etc., leading to a
disconnection between teaching and
employment needs.

Foreign research on hierarchical teaching started
relatively early [5]. The "Individualized
Hierarchical Teaching Theory" proposed by
American scholars emphasizes the use of
technical means to design personalized learning
paths for students, track students' learning

behaviors through intelligent systems, and
dynamically adjust teaching content and
progress. The German "Ferdinand Model"

focuses on the differences in learning content
and goals, constructs a stepped training system,

and divides the teaching content into three levels:

basic, extended, and research, to meet the needs
of students with different abilities [6]. The
hierarchical class grouping in Japanese high
schools and the personalized course selection
model in South Korea also provide diverse
references for the practice of hierarchical
teaching, focusing on curriculum combination
according to students' interests and abilities [7].
These practices generally pay attention to the
combination of technical tools and formative
evaluation, such as using online platforms to
track students' learning trajectories and
dynamically adjust teaching strategies.

In terms of domestic research, scholars such as
Xiong and He and Tian and Zhang have
theoretically demonstrated the adaptability of
hierarchical teaching to the current situation of
student sources in vocational colleges, pointing
out that hierarchical teaching can effectively
solve the problem of large differences in
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students' foundations and improve the pertinence
of teaching [8.,9]. Li et al. and Gu have carried
out hierarchical teaching practices in college
English education and mathematics courses,
verifying the role of this model in improving
teaching quality [10,11]. However, the existing
research has the following limitations:

The research objects mostly focus on students in
ordinary colleges or higher vocational colleges,
and there are few studies targeting college-junior
college upgrading students. College-junior
college upgrading students have both the
vocational education background of the junior
college stage and the academic improvement
needs of the undergraduate stage. Their learning
characteristics are significantly different from
those of students in ordinary colleges, so the
existing research results are difficult to be
directly applied.

The practical scope is concentrated on basic
courses such as English and mathematics, and
there is insufficient exploration of hierarchical
teaching in core computer professional courses.
As a core basic course for computer-related
majors, "Object-Oriented Programming" is
crucial for students' subsequent professional
course learning and career development, and it is
urgent to carry out targeted hierarchical teaching
research.

The basis for stratification mostly relies on
academic performance, and it does not fully
combine students' career planning and industry
needs, resulting in a disconnection between
teaching and employment. A considerable
proportion of college-junior college upgrading
students are employment-oriented, so teaching
should be more closely designed around the
ability requirements of industry positions.

At the theoretical level, the "two-dimensional
hierarchical system" and "hierarchical teaching
resource planning" constructed in this study
enrich the theoretical framework of hierarchical
teaching for computer-related courses in college-
junior college upgrading education. By
stratifying students based on their background
and goals, as well as their abilities and
knowledge, it provides practical support for
defining the type attribute of vocational
undergraduate education and clarifies how
vocational undergraduate education can balance
the personalized needs of students and the
cultivation of vocational abilities in the process
of talent training.

At the practical level, through differentiated
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teaching content and a dynamic evaluation
mechanism, it can effectively solve the problem
that "students with a weak foundation cannot
keep up, and students with outstanding abilities
are not challenged enough" among college-
junior college upgrading students, and improve
students' programming practical abilities and
industry adaptability. At the same time, the
research results can provide references for the
teaching reform of computer-related courses in
similar colleges, help college-junior college
upgrading education achieve the training goal of
"connection between vocational and general
education and integration of production and
education", and transport more high-quality
applied computer talents that meet the needs of
the industry to the society.

2. Construction of the Two-Dimensional

Standards of "Background-Goal"
Classification and  "Ability-Knowledge"
Stratification

In view of the diverse backgrounds and
significant  differences in  programming
fundamentals among students pursuing the

college-to-university upgrade program, and by
integrating industry demands with educational
principles, a scientific "classification standard"
(grouping based on students' backgrounds and
goals) and ‘stratification standard" (leveling
based on students' competence and knowledge)
have been established. As shown in Figure 1,
through the dual-dimensional standards of
"background-goal" classification and
"competence-knowledge" stratification,
combined with data analysis and industry needs,
student groups are scientifically divided and
targeted teaching paths are designed.

Mapping Table of the Two-Dimensional Standards of "Background-Goal" Classification and "Ability-Knowledge”
Stratification
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Figure 1. Construction of the Two-Dimensional Standards of '""Background-Goal" Classification
and " Ability-Knowledge" Stratification

2.1 Data Collection

The collection of classified data is the basis
for the construction of the two-dimensional
standards. @ The entrance test covers
programming and logical knowledge,
including basic syntax knowledge and simple
programming logic. Through this test, the
baseline ability of students can be obtained,
and their initial level in programming can be
understood. The questionnaire survey is used
to collect students' background information,
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such as their previous majors (computer-
related, mechanical and electrical engineering,
economics and management, art, etc.),
whether they are retired soldiers, and their
goals (further study or employment-oriented).
This information can reflect students'
learning foundations and future development
expectations, providing a Dbasis for
classification.

The collection of stratified data mainly relies
on case analysis and phased tests. The case
analysis adopts code refactoring tasks,
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requiring students to optimize, expand, or
refactor the given program code, so as to
evaluate  students' understanding  and
application ability of object-oriented thinking
and obtain case evaluation results. The
phased tests are conducted at different stages
of the teaching process to examine students'
mastery of phased knowledge and obtain test
evaluation results, providing data support for
stratified analysis.

2.2 Data Analysis

In the classification analysis link, labels are
generated based on the collected classified
data. For example, according to the entrance
test scores and the background of previous
majors, students are divided into categories
such as "students with a foundation and
further study orientation" (those with
previous majors in computer-related fields,
excellent entrance test scores, and plans for
further study in the future) and "students with
no foundation and employment orientation"
(those with previous majors not in computer-
related fields, poor entrance test scores, and
employment as the main goal), and group
division is carried out. In this way, the
characteristics and needs of students in
different categories can be clearly understood.
In the stratified analysis, combined with
industry icons (reflecting the ability
requirements of the industry for talents at
different levels), AHP (Analytic Hierarchy
Process) analysis (analyzing the weights of
various factors affecting students' abilities),
and expert indicators (inviting experts in the
computer field to evaluate students' abilities),
an in-depth analysis of students' ability and
knowledge levels is conducted. For example,
experts will comprehensively evaluate
students' object-oriented design ability and
code implementation ability based on their
performance in case analysis and tests,
combined with the actual needs of the
industry, providing professional basis for
stratification.

2.3 Standard Output

Finally, a three-level ability map is output,
clarifying the ability requirements for the
basic level, advanced level, and high-level.
Students at the basic level should master the
basic concepts of object-oriented
programming, be able to carry out simple
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class design and object creation, and
complete the implementation of basic
program functions; students at the advanced
level need to have good object-oriented
system design capabilities, be able to use
mechanisms such as inheritance and
polymorphism for medium-scale program
development; students at the high-level
should be able to carry out complex system
architecture design and have the ability to
develop large-scale projects in teamwork.

At the same time, classification standards and
stratification standards are formed, as well as
a mapping table including user portraits
(students' basic information and learning
characteristics), background surveys
(students'  previous  majors, learning
experience, etc.), skill maps (skills that
students at different levels should master),
teaching strategies (teaching methods and
means for students at different levels),
behavior data (students' learning behavior
performance), and teaching resources
(teaching materials, cases, etc. suitable for
students at different levels). This provides an
accurate basis for hierarchical teaching and
ensures that teaching can be targeted.

3. Planning of Hierarchical
Resources

The planning of hierarchical teaching resources
should be centered on "competence progression"
and "industry alignment". Through modular

Teaching

design, school-enterprise collaborative
development, and empowerment by
technological tools, a resource system
integrating "learning-practice-application”

should be constructed, as shown in Figure 2.
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Figure 2. Path of Hierarchical Teaching
Resource Planning
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3.1 Resource Construction Stage

Knowledge reconstruction is an important part
of resource construction. The original
knowledge is integrated, the core knowledge
points of the "Object-Oriented Programming"
course are sorted out, and they are reorganized
and presented in accordance with the object-
oriented thinking to realize the modular
decomposition of teaching resources. For
example, knowledge points such as class
definition, object creation, inheritance, and
polymorphism are taken as independent modules,
and each module includes theoretical
explanations, case analyses, practical exercises,
etc., which is convenient for students at different
levels to learn according to their own needs.
School-enterprise collaborative development is
carried out to strengthen the connection with the
industry. Technical experts from enterprises are
invited to participate in the construction of
teaching resources, and typical cases from actual
enterprise projects are introduced into teaching.
For example, in cooperation with software
development companies, real projects such as
the "e-commerce order management system" and
"enterprise employee management system" are
simplified and adapted to be suitable as teaching
cases, and a rich case library is built. These cases
can enable students to be exposed to problems in
actual work and improve their engineering
practice capabilities.

3.2 Resource Organization Stage

A knowledge map is built to visually display the
knowledge system of the "Object-Oriented
Programming” course and the connections
between various knowledge points. Combined
with the hierarchical resource directory, teaching
resources are classified and organized according
to the ability requirements of students at
different levels, and a knowledge base with a
multi-dimensional label system is constructed.
For example, each teaching resource is labeled
with the suitable level (basic level, advanced
level, high-level), knowledge point type
(theoretical, practical, case, etc.), difficulty
coefficient, etc., so that the teaching resources
can be organized and managed in an orderly
manner according to the needs of students at
different levels, facilitating teachers and students
to quickly find and use them.

3.3 Intelligent Application Stage
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With the help of student behavior analysis, the
intelligent platform tracks students' learning
trajectories, such as online learning duration,
homework completion status, and test scores.
Based on these behavior data, students' learning
characteristics and needs are analyzed to realize
personalized resource recommendation. For
example, for students with high learning
enthusiasm but a weak foundation, more
teaching resources and exercises at the basic
level are recommended; for students with strong
abilities and sufficient learning potential,
extended resources at the advanced or high-level
are recommended.

At the same time, the resources are updated
iteratively in a timely manner. With the
continuous development of computer technology
and changes in industry needs, the teaching
resources are reviewed and updated regularly.
For example, new programming technologies,
frameworks, and tools are introduced into the
teaching resources to ensure the timeliness and
applicability of the resources, enabling students
to be exposed to the most cutting-edge
knowledge and technologies.

3.4 Achievement of Teaching Effects

Through the planning of hierarchical teaching
resources, college-junior college upgrading
students are helped to grow from programming
beginners to applied talents with engineering
thinking. For students at the basic level, low-
threshold entry resources are provided to help
them master the basic concepts and
programming methods of object-oriented
programming and be able to carry out simple
program development; for students at the
advanced level, intermediate-level enhanced
resources are provided to improve their system
design capabilities and programming skills,
enabling them to independently complete
medium-scale project development; for students
at the high-level, high-level breakthrough
resources are provided to cultivate their complex
system architecture design capabilities and
teamwork skills, enabling them to participate in
the development of large-scale projects and
achieve the goal of hierarchical teaching.

4. Construction and Optimization of the
Hierarchical Teaching Evaluation System

As shown in Figure 3. Construction of a
Scientific Hierarchical Teaching Evaluation
System through the Five-Step Method of
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"Demand Analysis — Indicator Design — Tool
Development — Dynamic Adjustment — Pilot
Verification".

breakdown

benchmarkin,

I
|| Student ability I
I

|

: profile
Demand l|:>
analysis !

i

i

|

Industry standard | | Education goal

Indicator
design

Code quality analysis

Online examination system
Process data collection

Enterprise evaluation interface

Dynamic t>
adjustment :

~ Traditional examination
Pilot I“:> group
verification T

|
i
i
|
|
i
|
i
i
|
|
i
i
|
|
|
|
|
|
|
i
|
|
|
|
|
i
|
|
|
i
|
i
|
|
|
|
|
| Tool ":C .
I | devel
: toolkit
|
|
i
|
|
|
|
|
i
i
|
i
i
|
i
i
|
|
|
|
i
|
|
|
|
|
i
|
|
|
|
i
i
i
|
|
|
|
|
i

Figure 3. Five-Step Evaluation System

4.1 Demand Analysis and Evaluation Goal
Setting

Starting from three aspects: students' ability
portraits  (students'  ability levels and
characteristics), industry standard alignment
(ability requirements of enterprises for talents),
and educational goal decomposition (training
goals of undergraduate education for students),
the evaluation indicators are determined. The
specific requirements for students at different
levels in knowledge mastery, skill application,
engineering practice, etc. are clarified. For
example, students at the basic level should be
able to correctly write simple object-oriented
programs; students at the advanced level should
be able to design and implement medium-scale
object-oriented systems; students at the high-
level should be able to participate in the
development and optimization of complex
systems.
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4.2 Design of Hierarchical Evaluation
Indicator System

By using the expert analysis method and the
analytic hierarchy process, experts in computer
education and enterprise technical experts are
invited to demonstrate and screen the evaluation
indicators, and a hierarchical indicator system
and multi-dimensional quantitative indicators are
constructed. For example, the weights of
indicators such as knowledge mastery, skill
application, teamwork, and innovation ability are
determined through the analytic hierarchy
process, providing a scientific basis for
evaluation and ensuring that the evaluation
results can comprehensively and accurately
reflect students' learning status and ability levels.

4.3 Development of Evaluation Tools

A set of evaluation tools including code quality
analysis, online examination system, process
data collection, and enterprise evaluation
interface is created. The code quality analysis
tool can analyze and evaluate the standardization,
readability, and efficiency of the code written by
students; the online examination system
facilitates phased tests and final exams, realizing
the automation and intelligence of examinations;
the process data collection tool can record
various behavior data of students in the learning
process, such as online learning, homework
submission, and discussion participation; the
enterprise evaluation interface provides a
channel for enterprises to participate in student
evaluation, and enterprises can evaluate students'
performance in internships or projects, collecting
students' learning data through multiple channels
and in an all-round way.

4.4 Dynamic Adjustment

Based on the real-time feedback system and
hierarchical flow rules, the evaluation system is
optimized. The real-time feedback system can
promptly feed back students' evaluation results
to teachers and students. Teachers can adjust
teaching strategies according to the feedback,
and students can understand their own strengths
and weaknesses and learn in a targeted manner.
The hierarchical flow rules allow students to
move between different levels. For example, if
students at the basic level perform well within a
certain period and meet the ability requirements
of the advanced level, they can be promoted to
the advanced level for learning; if students at the
advanced level perform poorly, they can also be
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demoted to the basic level for consolidation
learning. This ensures that the evaluation can
dynamically reflect students' learning status and
ability changes.

4.5 Pilot Verification

An A/B test is designed, dividing students into
the traditional examination group and the new
evaluation group. The traditional examination
group adopts the traditional evaluation method
mainly based on the final exam, while the new
evaluation group adopts the hierarchical
evaluation system constructed in this study. The
differences in course scores, learning enthusiasm,
practical abilities, etc. between the two groups of
students are compared, feedback from students
and teachers is collected, suggestions for
indicator optimization are put forward, and the
evaluation system is continuously improved to
ensure the scientificity and effectiveness of the
evaluation system.

5. Practical Effects and Analysis

5.1 Course Learning Effects

Taking 183 students as the practical objects, a
comparison of the course scores before and after
the implementation of hierarchical teaching
shows that the average score of high-level
students reaches 85 points, with 40% of them
scoring above 90 points, an increase of 15
percentage points compared with traditional
teaching. These students have performed well in
project development and algorithm application,
and can independently complete the design and
implementation of complex object-oriented
systems.

The average score of advanced-level students is
80 points, with 60% of them scoring between 70
and 85 points, and no failures. They can well
master the core knowledge points of the course,
have certain system design and programming
capabilities, and can complete the development
of medium-scale projects.

The average score of basic-level students is 75
points, with a pass rate of 95%, an increase of 20
percentage points compared with traditional
teaching. These students are mainly retired
soldiers and students with non-computer majors.
Through hierarchical teaching, they can master
the basic concepts and programming methods of
object-oriented programming, complete the basic
program development tasks, and their learning
confidlence and enthusiasm have been
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significantly improved.

In addition, 65% of students reported that "the
difficulty of the hierarchical teaching content is
suitable for their own level", and 74.5% of
students "highly recognized" the hierarchical
method, indicating that hierarchical teaching can
meet the learning needs of students at different
levels and has been widely recognized by
students.

5.2 Competition and Innovation
Achievements
After the implementation of hierarchical

teaching, students' performance in discipline
competitions has been significantly improved. In
the competitions, students can apply the
knowledge learned in the course to design and
develop, showing strong engineering practice
capabilities and innovation capabilities.

5.3 Improvement of Employment Quality

By comparing the employment data of the 2023
class (without the implementation of hierarchical
teaching) and the 2024 class (with the
implementation of hierarchical teaching), it is
found that the employment rate of college-junior
college upgrading students majoring in computer
science in the 2023 class is 93.05%, and the
contract signing rate is 70.05%; the employment
rate of the 2024 class has increased to 94.65%,
and the contract signing rate has reached 94.65%,
which is the same as the employment rate. From
the perspective of employment positions, 35% of
high-level students have entered Internet
companies to engage in algorithm development
or system design work; 60% of advanced-level
students have joined software development
positions; 80% of basic-level students are
engaged in software testing or technical support
work. The matching degree between positions
and abilities has been significantly improved.

6. Existing Problems
Directions

and Improvement

6.1 Existing Problems

6.1.1 Insufficient accuracy of the hierarchical
dynamic adjustment mechanism

The existing hierarchical adjustment mainly
relies on academic performance and does not
fully incorporate changes in students' career
planning and interests. For example, some
advanced-level students show a strong interest in
algorithm design, but they cannot be promoted
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to the high-level in a timely manner because
they have not participated in relevant evaluations;
when the retired soldier group transitions from
the basic level to the advanced level, there is
insufficient knowledge connection, which is
prone to "knowledge gaps".

6.1.2 Lagging connection between course
content and industry frontiers

In the high-level teaching content, some projects
only involve basic logic and do not introduce
technologies required in actual enterprise
scenarios such as high-concurrency architecture
and big data analysis; the basic-level exercises
still focus on verification tasks, lacking problem-
solving training in real workplace scenarios,
resulting in a long adaptation period for students
after employment.

6.1.3 Insufficient coverage of soft skills in the
evaluation system

The assessment focuses on code correctness and
theoretical mastery, while ignoring the
evaluation of soft skills such as communication
and expression, and teamwork. For example, in
the high-level team project assessment, only the
function implementation is evaluated, and
"efficiency of demand communication" and
"rationality of team division of labor" are not
included in the scoring standards, which is
inconsistent with the comprehensive ability
requirements of enterprises for engineers.

6.2 Improvement Directions

6.2.1 Optimizing the hierarchical evaluation
dimensions

"Career planning interviews" (once a semester)
and "interest assessments" (Holland Vocational
Test) are added to construct a three-dimensional
evaluation model of "ability - interest -
planning". For the retired soldier group, a
"theoretical enhancement module" is designed,
and small-class weekend courses are used to
supplement basic theories such as data structures
and computer networks, shortening the cross-
level adaptation period.

6.2.2 Deepening the content of school-enterprise
integration

Teaching resources are updated in collaboration
with enterprises: the high-level adds a
"distributed system  foundation" module,
introduces technologies such as Redis cache and
SpringCloud microservices, and combines case
teaching of "distributed game server design"; the
basic level adds a "workplace scenario
simulation" module, such as fault diagnosis
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training based on enterprise operation logs, to
improve students' ability to solve practical
problems. It is planned to include Al
programming tools (such as GitHub Copilot) in
the high-level elective content in 2025 to keep

up with the development of industry
technologies.

6.2.3 Improving the comprehensive evaluation
system

In the high-level team project assessment,
indicators of '"communication effectiveness"
(10%) and "rationality of task allocation" (10%)
are added, and quantitative evaluation is
conducted through project meeting records and
team mutual evaluation forms; the advanced
level and basic level add the "technical
document writing" assessment item, requiring
the use of Markdown to write program design
specifications; a "code readability scoring table"
is introduced for all levels, and the high-level
additionally  evaluates code optimization
capabilities, requiring students to propose at
least 3 performance improvement plans for the
project, so as to comprehensively improve
students' engineering literacy.

7. Conclusion

This study aims at the pain points in the teaching
of the "Object-Oriented Programming" course
for college-junior college upgrading students,
and constructs a three-in-one teaching system of

"two-dimensional  stratification, hierarchical
teaching resource planning, and dynamic
evaluation". Precise stratification is realized

through multi-dimensional data collection and
analysis; teaching resource construction is
completed through knowledge reconstruction
and school-enterprise collaboration; precise
resource push and dynamic adjustment are
realized with the help of an intelligent platform;
and finally, the teaching model is optimized
through pilot verification. Practice has proved
that hierarchical teaching can not only
significantly improve the course learning effect
but also provide a promotable model for the
reform of computer-related professional courses
in college-junior college upgrading education. In
the future, it is necessary to further optimize the
hierarchical mechanism and the depth of school-
enterprise  integration, and promote the
continuous improvement of teaching quality in
the direction of "precision, personalization, and
professionalism".
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