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Abstract: In response to the prevalent challenges in Python programming education, including the intricate nature of
knowledge points, diminished student engagement, and suboptimal programming proficiency, this research introduces a
goal-oriented, problem-based pedagogical framework underpinned by constructivist principles. The study meticulously
designs targeted problems that are intricately aligned with the curriculum, deployed at strategic intervals before, during,
and after class sessions. These problems are crafted to bolster students' initiative, foster enthusiasm, and amplify their
sense of challenge. The pedagogical strategy is further enriched by integrating focused discussions on these problems,
in-depth analysis of pivotal knowledge points, and interactive extended dialogues, thereby rendering the teaching process
more dynamic and captivating for learners. This methodology is engineered to ignite students' interest in the subject
matter and to galvanize their drive to tackle problems, with the ultimate objective of nurturing and enhancing their
capacity to autonomously devise programs that address practical issues. The efficacy of this approach has been
substantiated through two cycles of teaching practice, yielding outcomes that are deemed to be highly satisfactory. The
results underscore the potential of this model to revolutionize Python programming instruction by making it more
student-centered, interactive, and aligned with real-world problem-solving, thereby equipping students with the skills
necessary to navigate the complexities of programming in a rapidly evolving digital landscape.
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1 Introduction

The Python language has garnered increasing attention
and application due to its unique advantages of being
"easy to learn, free and open-source, and rich in library
resources.” Particularly, its application in the field of arti-
ficial intelligence is notably leading. The most common
machine learning frameworks, such as TensorFlow,
PyTorch, and Baidu's PaddlePaddle, all provide excellent
support for Python. In the annual programming language
rankings by IEEE Spectrum and the TIOBE index (the
world's most authoritative programming language rank-
ing), Python has consistently held the top position for
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many years [1].

As a relatively "older" new engineering discipline, the
Intelligent Science and Technology major aims to culti-
vate high-quality specialized technical talents with scien-
tific thinking abilities, including computational thinking,
and the ability to design computational solutions and im-
plement systems based on computational principles. The-
se talents are competitive in research, development, de-
ployment, and application related to computational sys-
tems. One of the core courses in this major is "Python
Programming." The mastery of this course by students
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majoring in Intelligent Science and Technology signifi-
cantly impacts the learning outcomes of subsequent ad-
vanced intelligent courses. The target audience for this
course is second-year students who have already estab-
lished a solid foundation in computer science and mathe-
matics. Before taking this course, students have already
completed the "C Programming™ course. Therefore, they
already possess a certain level of learning ability and pro-
gramming language foundation, allowing them to natu-
rally transfer previously acquired knowledge and way of
thinking to this course. However, based on previous
teaching outcomes, students’ mastery and application of
Python after completing the course are relatively low,
even affecting their performance in subsequent courses
[2].

The flexibility and ease of use of Python are a "dou-
ble-edged sword.” While it is easy to get started, master-
ing it and developing computational thinking to solve
practical problems remains challenging. The traditional
teacher-centered teaching model is not conducive to stu-
dents taking initiative or developing computational think-
ing. From the perspective of constructivist theory, adopt-
ing a goal-oriented problem-based teaching model that
emphasizes the practical application of Python can en-
hance students' initiative and challenge. By proposing
goal-oriented questions before, during, and after class that
are closely tied to the course content, students are en-
couraged and guided to solve these problems, thereby
increasing their learning initiative and engagement. In
teaching practice, interactive activities such as
goal-oriented discussions, in-depth analysis of key points,
and interactive extended discussions are used to enhance
the interactivity of teaching activities and students' sense
of participation, stimulating their interest in learning and
cultivating their ability to solve problems through inde-
pendent programming.

2 Constructivist Learning Theory

From the late 1970s to the early 1980s, constructivism
gradually became an important theoretical school in cog-
nitive psychology. Jerome Bruner, one of the main repre-
sentatives of constructivism, emphasized the process by
which people actively encode, interpret, and reconstruct
information to build knowledge and understanding. The
true proposer of constructivist theory was Jean Piaget, the
founder of the "Geneva School" and a renowned philoso-
pher. His idea of "bidirectional construction between sub-

ject and object” laid the theoretical foundation for indi-
vidual constructivism. Although constructivist theory is
rich in content, its core can be summarized in one sen-
tence: it centers on the student, emphasizing active explo-
ration, discovery, and the construction of meaning from
the knowledge learned (rather than merely transferring
knowledge from the teacher's mind to the student's note-
book, as in traditional teaching). Student-centered teach-
ing emphasizes "learning," while teacher-centered teach-
ing emphasizes "teaching." This is the fundamental di-
vergence between the two educational philosophies, lead-
ing to the development of two opposing learning theories,
teaching theories, and instructional design theories. Since
the learning environment required by constructivism is
strongly supported by the latest information technology
achievements, constructivist theory has increasingly been
integrated into the teaching practices of educators, be-
coming a guiding ideology for deepening teaching re-
forms in schools both domestically and internationally
[3-6].

3 Goal-Oriented Problem-Based
Teaching Model

The goal-oriented problem-based teaching model sets
relevant questions based on the professional training ob-
jectives, course teaching objectives, and knowledge point
objectives. Through methods such as pre-class preparation,
in-class teaching, and group discussions, teachers and
students work together to guide the completion of the
course learning according to the set questions, achieving
the course objectives. To ensure the effectiveness of the
goal-oriented problem-based teaching method, it is essen-
tial to carefully design the goal-oriented questions [3].
Generally, the goal-oriented problem-based teaching
method sets five types of questions based on the teaching
content: basic questions, key questions, difficult questions,
practical questions, and extended questions. These five
types of questions cover the entire learning process of
students. The specific settings of these five types of ques-
tions are as follows: basic questions are usually simple
questions targeting the concepts of knowledge points,
which students solve during pre-class preparation; key
questions are important knowledge points that require
detailed explanation by the teacher during class; difficult
questions are for students to think about, with guidance
from the teacher; practical questions are discussed and
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answered by students in groups; and extended questions
are for students to study independently after class. The
key to the goal-oriented problem-based teaching method
is the teacher's careful design of the five types of ques-
tions based on the teaching objectives, ensuring the
smooth conduct of teaching activities and the achievement
of training objectives [7].

The goal-oriented problem-based teaching model is an
excellent practice of constructivist theory. Constructivist
learning theory advocates a student-centered approach,
emphasizing students' active exploration, discovery, and
construction of meaning from the knowledge learned. In
other words, its core task is to shift from how to teach to
how students learn. The goal-oriented problem-based
teaching model perfectly implements the core content of
constructivist learning theory by setting five types of
guestions and combining them with classroom discussions
[8]. Basic questions require students to learn inde-
pendently, with the more challenging parts set as key and
difficult questions. In class, students actively think, with
guidance and explanation from the teacher. Practical
questions are discussed and answered by students in
groups, and extended questions are completed by students
through self-study after class. The five types of questions
stimulate students' initiative, encouraging them to explore
and learn. In this process, students gain a sense of
achievement, which in turn makes them more proactive,
forming a positive feedback loop. In terms of the active
construction of meaning from the knowledge learned, the
goal-oriented problem-based teaching model emphasizes
the teacher's thorough understanding and grasp of the
professional training objectives, course teaching objec-
tives, and knowledge point objectives. This ensures that
students' active construction is not aimless but guided by
clear objectives. It can be said that the goal-oriented
problem-based teaching model is an excellent practice of
constructivist learning theory [9-15].

4 Teaching Practice of Python
Programming

After thoroughly analyzing the relationship between the
aforementioned constructivist learning theory and the
goal-oriented problem-based teaching model, a teaching
practice of the goal-oriented problem-based teaching
model from the perspective of constructivism was con-
ducted for the Python programming course in the Intelli-
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gent Science and Technology major. In this process, the
core of constructivist learning theory was closely adhered
to, serving as the theoretical guide for the reform of the
goal-oriented problem-based teaching model. The specific
process is as follows:
1)Before class, students are assigned to read and study
specified content and watch teaching videos. Basic
questions are provided for them to answer, aiming
to achieve the basic knowledge point objectives.

2)During class, based on the basic questions, students
are guided, encouraged to think, and explore active-
ly. Key and difficult questions are proposed for de-
tailed explanation and discussion, aiming to achieve
the key and difficult knowledge point objectives. At
the same time, based on the knowledge gained from
solving basic and key questions, practical questions
are introduced for in-class discussion and solution,
further deepening the understanding of knowledge
points and giving students a sense of achievement,
thereby stimulating their learning initiative.

3)After class, extended questions are assigned for stu-

dents to think about and solve. The setting of ex-
tended questions should be cautious, not too diffi-
cult, and should require some effort based on the
practical questions. This improves students' ability
to solve practical problems independently and fur-
ther stimulates their interest in learning.

Here, the loop structure in the program flow control of
the "Python Programming" course is taken as an example
for detailed explanation.

1)Before class, through WeChat or QQ groups, speci-

fied reading chapters and learning videos are pushed,
and students are required to answer basic questions:
1) What is a loop structure? How many ways does
Python have to implement a loop structure? How to
implement them? Write programs to calculate the
sum of 1 to 100, the sum of even numbers, and the
sum of odd numbers; calculate the value of the nat-
ural logarithm base e until the absolute value of the
last term is less than 107-6. Students independently
answer these basic questions and complete simple
programs using two types of loop control.

2)During class, after randomly asking and commenting

on students' answers, students are guided to recall
the similarities and differences between Python and
C language loop control. This naturally leads to the
role of the break and continue statements. Then, key
and difficult questions are discussed: nested loops
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and the performance analysis of nested loops. The
traversal of multi-dimensional data structures is
used to introduce nested loops, and actual code is
shown to demonstrate the results, further explaining
the uses of nested loops (such as traversing mul-
ti-dimensional data structures, generating permuta-
tions and combinations, printing specific patterns,
search and matching problems, and their combina-
tion with nested conditional judgments). It is also
noted that nested loops are widely used in subse-
quent intelligent-related courses, and their perfor-
mance needs to be analyzed. Several programs are
provided for students to read, explain their functions,
and analyze the execution results. An online quiz is
conducted through the Chaoxing Learning Platform
or MOOC platform, with multiple online test ques-
tions assigned, and the results are automatically
generated on-site. The teacher provides on-site
evaluation and encouragement based on the test re-
sults.

3)After class, students are assigned materials for fur-
ther independent thinking and learning, such as the

combination of nested loops and conditional state-
ments, the combination of nested loops and list
comprehensions, and the analysis of the execution
effects of adding break and continue in nested loops.
These are assigned as homework for future course
tutoring sessions.

Among these, practical questions can be assigned be-
fore class and encouraged to be completed by students,
with explanations and evaluations during class. Alterna-
tively, they can be proposed during class, with students
participating in discussions and writing code on the spot
to complete the programs. In teaching practice, the latter
method can more immediately engage the classroom at-
mosphere, and students unknowingly actively participate
in solving practical problems.

According to the teaching design and the tools used in
online teaching, the assessment methods for students'
learning status are shown in Table 1. On the management
interface of the Chaoxing Learning Platform or MOOC
platform, these behavioral data statistics can be easily
obtained for teachers to manage and supervise students'
learning.

Table 1 Assessment of Students' Learning Status

Submission of Extended Problem Reports

No. Assessment Content Percentage
1 Completion of all course video viewings 5%

2 Completion of all online exercises 10%

3 Completion of all programming assignments 10%

4 Final Exam Results 60%

5 Attendance and Check-ins 5%

6 Online Quizzes 10%

7

Extra Credit

5 Teaching Reform Effectiveness
and Student Feedback

According to the online teaching evaluations from the
second semester of the 2022-2023 academic year at our
university, students rated the goal-oriented problem-based
teaching model above 95 points. Detailed assessment
metrics revealed that approximately 85% of students be-
lieved this teaching model could stimulate their learning
initiative and interest, while nearly 90% felt it effectively
improved their programming skills and overall learning
outcomes. However, about 85% of students also noted
that it consumed too much of their extracurricular time,
particularly regarding extended problems. Most students

relied on teacher explanations rather than completing the-
se tasks independently. To address this, future efforts will
include providing concise lecture materials and other so-
lutions.

6 Conclusion

This paper discusses constructivist theory as the theo-
retical foundation for the goal-oriented problem-based
teaching model and positions the model as a practical ap-
plication of constructivist theory. It explores the cognitive
psychological basis of the goal-oriented problem-based
teaching model at a theoretical level. Additionally, it in-
troduces the teaching practice process of the goal-oriented
problem-based teaching model in the Python program-
ming course, using actual course content as an example
for detailed explanation. The practical effects of the
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teaching reform and existing issues are also presented. As
a core foundational course in the Intelligent Science and
Technology major, Python programming demands both
breadth and depth in its content. Future efforts will focus
on addressing students' lack of autonomy in solving ex-
tended problems.
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