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Abstract 
 

The world today yearns for a large number of innovative talents,for whom critical thinking is considered a key competency. This paper aims to 
propose a problem-solving model with a target to provide a practical and operational path for students to carry out interdisciplinary project 
learning as well as a clear method for students to develop critical thinking. And a project for competition is taken as a case to demonstrate the 
process of how the students employ the model and finally have their critical thinking promoted, which is not only beneficial to the students’ 
overall development but also possessing certain enlightenment for the teachers to cultivate the students’ critical thinking in their teaching 
practice with a purpose to cultivate innovative talents. 
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INTRODUCTION 

 
Critical thinking has been one of the essential competencies in 
one's personal and civic life as well as one of the education 
goals in some countries and international organizations 
(UNESCO, 2016). China Educational Innovation Institute of 
Beijing Normal University released the “Research Report on 
5C Model of Core Competency in the 21st Century” in 2018, 
the model includes cultural understanding and inheritance 
competence, creativity, critical thinking, communication, 
collaboration. Critical thinking is considered as the foundation 
of the core competency, which mutually depends and promotes 
with other competencies. (Liu Jian et al., 2021). The concept 
of critical thinking has sparked a lengthy academic discourse, 
resulting in the emergence of multiple definitions. While no 
comprehensive or complete definition of critical thinking 
exists, most scholars agree that it involves skills and 
dispositions. Many scholars and researchers have shared their 
views on critical thinking skills in undergraduate academic 
performance. Some scholars pointed out that students with 
stronger critical thinking abilities have better academic 
performance. Students with strong critical thinking skills are 
better at processing information, organizing, deducting, and 
exploring knowledge based on experience. In addition, critical 
thinking dispositions are considered necessary for students, 
and it is important to make sure that they apply their critical 
thinking skills (Jianwen Chen et al. 2024). Students with 
strong critical thinking dispositions have an inherent 
motivation to apply their critical thinking skills appropriately 
in different situations. Therefore, it is of great necessity for the 
college students to develop their critical thinking. 
 
The development of students’ critical thinking vs the 
cultivation of students’ critical thinking 
 
The development of students’ critical thinking and the 
cultivation of students' critical thinking are two issues that are 
both different and related.  
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The former refers to the natural development of students, while 
the latter refers to the educational intervention for students. 
The latter must be based on the former. The cultivation of 
students' critical thinking through education must be based on 
the characteristics of students' critical thinking development. It 
is important for the teachers to give the students necessary 
direction and guidance including some practical techniques to 
help them to develop their critical thinking, while the students’ 
personal inner consciousness and motivation to develop their 
critical thinking or to think critically is even more important 
than the outside push. The term of critical thinking disposition 
refers to a person's internal motivation to think critically when 
faced with problems to solve, ideas to evaluate, or decisions to 
make (Facione et al., 1995). The concept of critical thinking is 
inconsistent, because of its complexity. As an excellent 
thinking quality and a high-level way of thinking, critical 
thinking cannot be achieved overnight, but for weeks and 
months and years. The following is the case of a team of 
college students trying to develop and cultivate their own 
critical thinking with occasional inspiration and 
encouragement from their teacher. 
 
The process of the students consciously developing their 
critical thinking 
 
First, understand the concept of critical thinking and its 
importance 
 
Once critical thinking is introduced to the students, they tend 
to know about it via the internet. Just as one of the students 
stated critical thinking is rational, reflective thinking that aims 
to determine our beliefs and actions, and it aims to promote the 
use of critical thinking skills and attitudes to analyze and solve 
problems. Critical thinking is very important for college 
students, college study, which can improve learning efficiency, 
enhance learning motivation and improve learning ability. 
Critical thinking, as an important cognitive ability, is widely 
regarded as the key to cultivating students’ innovative thinking 
and problem solving. Furthermore, the study of college 
students is not only to familiarize themselves with professional 



subject knowledge, but also to apply the correct scientific 
method or engineering design process skillfully to the 
corresponding field, explore the design of new tools, and solve 
practical problems in life. In the process of inquiry, students 
respond to challenges, work in teams and learn to 
communicate, and improve their problem-solving ability. The 
problem solving mentioned in this paper is no longer limited to 
the inquiry and demonstration of disciplinary knowledge, but 
more emphasis is placed on transcends disciplinary boundaries, 
using interdisciplinary knowledge, applying critical thinking, 
and solving practical problems in daily life through project-
based learning. UNESCO puts forward the "four pillars of 
education”: learning to learn, learning to do, learning to live 
together, and learning to be a man. Learning to learn refers to 
improving students' discipline literacy in the four fields of 
science, technology, engineering and mathematics, that is to 
enable students to fully understand scientific knowledge and 
scientific methods, to have the ability to use, manage, evaluate 
and understand technology, to create and test new products, 
and to understand the impact of new products, to pose and 
solve problems in the process of creation, interpret 
mathematical concepts involving quantity, space, probability, 
etc., and effectively analyze, reason and communicate. In this 
learning process, students learn to acquire the content and 
process skills needed to understand the natural world and 
rationally transform the natural world around us. To get things 
done, students need to be able to learn and tackle the life's 
challenges (whether professional or personal) with confidence. 
Learning to co-exist means that students participate in 
collaborative activities that promote the sharing of knowledge 
to improve the quality of thinking through continuous 
participation and collaboration. Learning how to be a person is 
an essential skill for students in the process of lifelong 
learning. A well-organized project inquiry environment is 
conducive to students' learning of the course, which will 
promote students' self-regulation and self-determination 
ability. 
 
Second, know of the elements of critical thinking and 
process it involves 
 
The description of the connotation of critical thinking includes 
four elements: questioning and criticizing, analyzing and 
argumentation, comprehensive generation and reflection and 
evaluation. The representative behaviors of critical thinking go 
as the follows: the first element is skepticism and criticism 
including both an attitude of not accepting conclusions easily 
and an inquiring character. It has the following behavior traits 
(1) a skeptical attitude toward established ideas or practices; 
(2) constantly raising new questions from different angles; (3) 
adhering to the relativity of truth and do not believe in 
authority; (4) considering and tolerating different opinions, 
especially those that are different from your own. The second 
one is analytical argument, that is, to analyze the relationship 
between the argumentation process or evidence and the 
conclusion, and find the logical loopholes in the argumentation 
process. It emphasizes rational thinking based on evidence, and 
can carry out multi-angle and orderly analysis and argument. It 
has the following representative behaviors (1) to distinguish 
between facts and hypotheses, and distinguish the truth and 
falsities of information; (2) to select appropriate, multifaceted 
evidence; (3) to identify variables in the system and analyze 
the relationship between them; (4) to use evidence and 
reasonable reasoning to demonstrate effectively. The third is 
synthesis generation: the process of system integration and 

reconstruction on the basis of analysis and demonstration, 
forming ideas, strategies, products and other new results, 
which possesses the following behavior features (1) to analyze 
the relationship between the argumentation process or 
evidence and the conclusion, and find the logical loopholes in 
the argumentation process; (2) to synthesize analysis and 
argumentation from different angles to draw conclusions; (3) 
to develop solutions to problems; (4) to design and develop 
new products. The fourth one is reflective evaluation monitors, 
that is to reflect, evaluate and improve the thinking process, 
thinking results and actions based on certain standards, and 
promote self-orientation, self-restraint, self-monitoring and 
self-correction. The typical features of it are as 1) to evaluate 
the reliability of the evidence and the logic of the 
argumentation process; (2) to distinguish between causation 
and correlation, and consider other possible causes or 
explanations; (3) to review the execution process and 
completion of the task, and reflect on the experience and 
lessons; (4) to evaluate your own, others’ or team’s behavior 
based on evidence; (5) to apply appropriate criteria in the 
evaluation process of thinking, behavior, products, etc. 
Knowing of the basic elements of critical thinking and its 
representative behaviors can help the students consciously 
monitor and modify their learning behaviors. 
 
Third, a problem-solving model proposed to develop 
critical thinking 
 
Creative problem solving is a process of comprehensive 
generation, and the effective conduct of this process is 
inseparable from questioning and criticism, analysis and 
demonstration, reflection and evaluation. Only by 
complementing each other and iterating can creative problem 
solving be realized. The problem-solving model emphasizes 
the generation of solutions and the output of works, which is a 
further extension of the cultivation and development of 
students' critical thinking under the empirical model. 
Combined with the learning behavior in the process of problem 
solving, the "path of cultivating critical thinking under the 
problem-solving model" is proposed (as shown below). 
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(2) 3D printing process 
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Overall assembly rendering 
 
Analysis of the case 
 
The whole process of the project takes about 4 months and the 
students demonstrates great potentials in learning and 
exploration. They have showed great interest and enthusiasm 
in critical thinking competence. Besides the teachers’ 
introduction of the term of critical thinking, they searched for 
relevant information and materials including papers to gain a 
further and thorough understanding of the term, its connotation 
and its general representative behaviors. In the process of 
designing the project, they did meet a lot of problems, they 
thought carefully, argued heatedly, shared their views and 
contribute their efforts. They abandoned one plan and made 
another, until most of them agreed. In the process, the teacher 
just listened to them, encourage them and gave them 
occasional directions. After they finished the project, they 
started another long discussion, reflected, evaluate the process 
and summarized the problem-solving model to help develop 
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their critical thinking for they believe critical thinking begins 
with questioning and ends with reflection. Hard work brings 
good results. Their project got the first prize in the municipal 
level. Their devotion was paid. Just as one team member 
wrote, “This problem-solving model has rooted in my mind for 
it is us who summarized it from our practice. It helped me to 
develop my critical thinking and problem-solving competency, 
and will be inevitably helpful in my curriculum learning for I 
have got the key. 
 
Conclusion 
 
To sum up, "Why is it so difficult for our schools to produce 
exceptional people?" Critical thinking education may be the 
key to answer Qian Xuesen's question. The focus of the 
cultivation of top innovative talents is to develop students' 
critical thinking. The construction of problem-solving model 
follows the creative problem-solving path of "divergency-
convergence-recombination", and the cultivation of innovation 
literacy is closely related to critical thinking. Each step in the 
process of innovative practice requires the promotion of 
students' critical thinking, including questioning and criticism, 
analysis and demonstration, comprehensive generation, 
reflection and evaluation. Meanwhile, the development of 
critical thinking can be concretized by innovative practice. 
Only by following the essential characteristics of reality and 
scientific cultivation methods, can critical thinking be 
developed. What is more important when discussing critical 
thinking is to re-explore the essential meaning of education. 
The proposal of problem-solving model not only provides a 
practical operation path for students to carry out 
interdisciplinary project learning, but also provides a clear 
method for students to develop critical thinking. The essence 
of education is liberation, not restriction; knowledge is not 
only ready-made and given, but also generated and 
constructed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The real purpose of education is not to acquire a pile of useful 
or useless, timely or outdated knowledge, but to acquire a kind 
of thinking ability that can be competent for any job and can 
cope with the uncertainty of the future world, so that in the 
complicated future world, our society can remain rational and 
rational, and individuals can remain sober and just. 
 
Note: This paper is the product of the URT programin Beijing 
Institute of Petrochemical Technology. (Project code: 
24032005003-12/161) 
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