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Abstract—Computational thinking ability is the core  offers students opportunities to synthesize and apply

problem faced by college computer programming courses.
Facing the main teaching problems in the era of blended
teaching, this paper puts forward a six-point blended teaching
model based on project-based learning. According to the six-
point of the model, teachers design teaching content and
implement the teaching process. By comparing the forms of
computational thinking ability before and after the
implementation of project-based learning, the effectiveness of
the proposed teaching model in improving computational
thinking ability is confirmed.
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l. INTRODUCTION

The 21st century is an era of rapid technological
development and educational innovation. In 2020, the global
outbreak of COVID-19 led to the inability of teachers and
students to carry out offline classroom teaching, and the
Internet provided unlimited possibilities for online teaching.
Blended teaching is the trend of future development, and the
teaching mode of combining online and offline has gradually
become the mainstream. Blended teaching makes up for the
shortcomings of many face-to-face teaching. But there are also
some problems, such as teaching information overload,
students’ learning motivation not lasting, and so on. Human
beings are inseparable from thinking activities in the process
of understanding and transforming the world. Scientific
thinking refers to the way of thinking used in human scientific
activities. There are three ways of scientific thinking: logical

thinking, empirical thinking, and computational thinking (CT).

Computer programming course is often regarded as the first

CT course in universities, such as C programming, and Python.

Its purpose is to cultivate students, CT ability and advanced
language programming skills, so as to lay a solid foundation
for students to learn the information application integrated
with their major in the future. For the popular educational
strategy, Project-based learning (PBL) is the key one that
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knowledge, as well as become independent learners and
thinkers.

In this paper, we propose a teaching mode for computer
programming courses based on the integration of PBL and
blended teaching. Through the practice of project teaching,
this paper fundamentally improves the ability of computing
thinking.

II.  COMPUTATIONAL THINKING

Computational thinking was first proposed, which
attracted the attention of the public. Some domestic scholars
defined computational thinking as thinking activity [1]. In [2],
the computational thinking is the thinking process involved in
solving problems. Its solution can be expressed as calculation
steps and algorithms. In this process, the most important thing
is to find an appropriate calculation model to express the
problem and output the solution. In 2013, Guoliang Chen
proposed that the purpose of computing thinking education is
to cultivate a thinking habit and proposed computational
thinking 2.0 in 2020. Computational thinking 2.0 is a further
excavation of the connotation of computational thinking. It is
proposed that computational thinking focuses on the scientific
and cultural connotation of computing, and provides a
conceptual model to describe the adaptation of reality and
engineering technology. At present, the research on
computational thinking continues to deepen. In the stage of
higher education, the cultivation of computational thinking
starts with learning a programming language.

Based on the above definitions and research, this paper
holds that computational thinking is a way of thinking to solve
practical problems by using computer methods and the basic
ability of information technology processing. Decompose
computational thinking into the following six key abilities of
the programming language course.

CT(1) Definition problem. Students have the ability to find,
analyze and clearly define problems.

CT(2) Abstract modeling. Students can present
mathematical models and computational models of problems.
Students have the ability to abstract problems and express
scientific problems.
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CT(3) Algorithm design. Students can design
corresponding algorithms according to the established models,
and use computer programming to realize the algorithms.

CT(4) Critical feedback. Students bring critical thinking
into the process of project design and constantly feed back to
the design process.

CT(5) Reflective transfer. Students can flexibly apply their
existing knowledge and ability accumulation to the current

unsolved projects. Students can also transfer the development
experience of this project to other application fields.

CT(6) Recollection. Students can have a memory to
summarize the key points, difficulties, and error-prone points
in the process of project implementation. Students can
organize these memories to form logical and storable
documents.
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Fig. 1. PBL model of blended learning.

I1l.  BLENDED TEACHING APPROACH

Blended teaching is a combination of online and face-to-
face activities to optimize learning. With the progress of
technology and the continuous innovation of educational ideas,
the concept of hybrid teaching gradually shifts the focus from
the field of technology to both sides of teaching, and makes
more discussions from the perspective of teachers and students.
There are two meanings in the blended teaching, one is
“teaching”, the other is “learning”. It pays attention to both
teachers’ design of teaching and students’ learning experience.
The concept of hybrid teaching has also developed into a
teaching mode that combines information technology,
innovative teaching methods and various learning methods for
the purpose of cultivating students’ autonomous learning
ability, and constructs a teaching situation based on multiple
communication equipment, network learning environment.

In blended teaching, there is the main contradiction
between information overload and the maladjustment of
human learning process. Students need to face a large number
of learning content, information, data screening,
reconstruction and memory. In addition, influenced by the
continuous switching of learning space in mixed teaching,
how to maintain students, long-term learning motivation is
also the main problem to be solved in mixed teaching.

In this research, PBL is used to solve the problem of mis-
match between information overload and the learning process.
The teaching content takes the project as the core, including
three dimensions: knowledge elements of project development,
thinking training elements, and ability training elements. In

order to solve the problem of maintaining long-term learning
motivation in mixed teaching, the way of overlapping
individual and group tasks is adopted and implemented.
Aiming at the problem that the abstract characteristics of the
computer programming course itself may cause the
disappearance of students’ motivation for long-term learning,
the application project cases of different majors are
reconstructed into the course project, to stimulate students’
interest in new knowledge fields and maintain their learning
motivation.

IV. PROJECT-BASED LEARNING

Computer programming courses, such as C language and
Python, are offered to first-year non computer majors. This
paper studies the teaching project design with reference to the
Waterfall Model [4] of the project development process of
software engineering.

A. PBL Model of Blended Learning

In carrying learning out, the teacher prepared a validated
plan, so it meets the learning objectives for computational as
shown in Fig.1 used project-based learning.

PBL(1) Requirement analysis. Teachers publish projects
on the smart teaching platform. After students obtain the basic
information of the project, they conduct demand analysis.

PBL(2) Overall design. In this step, students need to
analyze the process, draw the flow chart and investigate the
corresponding data.

PBL(3) Detailed design. In the detailed design stage,
students need to cooperate with team members, fully discuss
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the individual needs analysis and outline design results, and
formulate a set of feasible schemes.

PBL(4) Operation debugging. In the operation debugging
stage, students carry out the actual development of the project
in groups. Students will fully interact in this step. Teachers are
ready to help students as off-site assistance.

PBL(5) Optimization and upgrading. In the optimization
and upgrading stage, the teacher guides students to refer to
similar high-level resources. Through the query and
comparison of online resources, students put forward
corresponding optimization or upgrading schemes in
combination with the thinking of this project.
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PBL(6) Summary report. At this stage, students should not
only write project reports, but also make project presentation.

B. A Case Study

C programming is a compulsory core course of computer
basics in colleges and universities, offered in the first year of
college. Due to the apparent differences in students’ learning
sources, basic abilities, and personalities, the teaching of
traditional computer programming courses has problems such
as insufficient accuracy of course content and methods, and a
low degree of integration with applied undergraduate
disciplines. In the function comprehensive application project.
The teacher designed the project of the Maximum Luminous
Efficiency Computation System, as Fig. 2shown.
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Fig. 2. Project requirements document.

Table 1 Instructional Design of the Maximum Luminous Efficiency
Computation System

PBL Content Activity CT
Before | online project investigation teacher guidance cT()
Class arrange the project student self-study

analyze requirements situational
PBL(1) set goals introduction cT@)
practical problems
PBL(2) | mathematical model modeling CT(2)
computer model
PBL(3) ?”’CE.SS planning different | o flow chart | CT(3)
unction
programming, debugging . .
PBL(4) long expression group discussion CT(4)
PBL(5) | extended application exchange CT(5)
PBL(6) | write report presentation CT(6)

Before the class, the teacher publishes the basic
requirements document of the project and the corresponding
questionnaire on the teaching platform. The problem-guided
teaching method is used to guide students to carry out pre-
research on the needs of the project, as shown in Fig. 2, Fig.
3.

Teachers use software engineering methodological steps
to guide the project development process according to the
PBL(1), as shown in 0.

Teachers and students analyze realistic models together,
build mathematical models, and convert mathematical
models into computer models of PBL(2), as shown in 0.
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Fig.4 Software engineering methodological steps.
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Fig 5 Modeling.

In PBL(3), the flow chart will be draw, as shown in 0. presentation slides, as shown in 0. During that time, the
teacher will give them support for the difficult problems and

In PBL(4), the group work will done, included the give them recommendation for good presentation.

programming, debugging, summarize and prepared the
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Fig 6 Flow chart of the project.
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Fig 7 Group works.

V. COMPUTATIONAL THINKING ABILITY EVALUATION

The research object of this paper selects 31 first-year non
computer majors to test the Computational Thinking Ability
Scale [5] improved based on this study before and after PBL.
This paper analyzes the level of learners’ Computational
Thinking Ability from six dimensions: CT(1) Definition
problem, CT(2) Abstract modeling, CT(3) Algorithm design,
CT(4) Critical feedback, CT(5) Reflective transfer and CT(6)
Recollection. There are 18 questions in total. This paper
uses reliability test to verify the scientifically of the
questionnaire and test Cronbach’s o using Python program
in six dimensions. The coefficients are 0.73, 0.75, 0.81, 0.79,
0.82 and 0.79 respectively, indicating that the questionnaire
in this paper is properly set.

Through the analysis of the questionnaire, the results are
shown in the 0. The result of CT (3) Algorithm design is the
largest increase in data before PBL and after PBL. This also
shows that PBL helps to provide more accurate learning
objectives and knowledge and avoids the problem of
information overload in the process of mixed teaching.

The result data of CT (2) Abstract modeling shows that
the number of students who believe that ”I can use
mathematical models and computer models to describe
problems in daily life” is in line with their actual situation

has increased, indicating that the number of students who
can abstract their ideas into models has increased. Students’
abstract modeling ability in CT is gradually improved in
teaching practice.
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Fig 8 Result of evaluation.

VI. CONCLUSION AND FUTURE WORKS

Under the background of blended teaching and facing
the problems of information overload and long-term
learning enthusiasm, this paper uses PBL to carry out
teaching practice during computer programming. The basic
six modules implementation model and case study are
proposed, a questionnaire survey is made on improving the
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ability of computing thinking. The comparison results show
that the new teaching mode of using PBL combined with
blended teaching is conducive to improving the ability of
computing thinking.

The design and practice of teaching projects with
computational thinking as the core is the key direction of
future work.
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