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ABSTRACT 
 

As the pre-service mathematics teachers, their mathematical critical thinking ability influences 
students’ mathematical learning and innovative thinking. So, more and more researchers have 
begun to pay attention to the research on pre-service mathematics teachers’ mathematical critical 
thinking ability in China. The relevant results were summarized with the literature research method 
and the following conclusions are drawn: Firstly, the research on pre-service mathematics 
teachers’ mathematical critical thinking ability mainly focuses on the concept of mathematical 
critical thinking, the current situation of pre-service teachers’ ability, the influencing factors, and the 
cultivation measures. Secondly, the influencing factors and cultivation measures of mathematical 
critical thinking ability are the hot issues of current research. Thirdly, the research method is single. 
Most researchers just use theoretical thinking to analyze the influencing factors and cultivation 
measures. Fourthly, the suggestion about improving pre-service mathematics teachers’ 
mathematical critical thinking is a blank spot. Therefore, it is suggested to use more research 
methods on mathematical critical thinking ability to find more comprehensive influencing factors 
and more reasonable enhancement measures. 
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1. INTRODUCTION 
 
For mathematics education, the training in 
mathematical critical thinking is beneficial to 
improve students’ ability to ask questions and 
solve problems [1]. Teachers can influence 
students’ thinking ability which requires 
mathematics teachers to have strong 
mathematical critical thinking ability. As future 
educators, pre-service mathematics teachers’ 
critical thinking ability not only affects the thinking 
ability of future students but also affects the 
professional development of teachers 
themselves [2]. In recent years, scholars have 
paid attention to the area of pre-service teachers’ 
mathematical critical thinking ability. However, 
there is no collation of relevant research findings, 
so this paper intends to review the existing 
relevant literature and systematically analyze the 
current research status and shortcomings. This 
research can provide a reference to improve pre-
service mathematics teachers’ mathematical 
critical thinking ability. In addition, it can help 
researchers grasp the characteristics and status 
of current research to promote further research 
by scholars.  
 

2. RESEARCH QUESTIONS 
 

The following are the research questions of this 
paper:   
 

1.    What research has been done on pre-
service mathematics teachers’ critical 
mathematical thinking ability?  

2.   What are the main areas that scholars 
have been studied?  

3.   What are the main research methods on 
mathematical critical thinking ability?  

4.   What are the blank spots in the current 
research on pre-service mathematics 
teachers’ mathematical critical thinking 
ability? 

 

3. METHODS 
 

3.1 Source of Information 
 
This article adopts the literature method and 
uses the China National Knowledge 
Infrastructure (CNKI) documents as the data 
source. CNKI is the most authoritative document 
retrieval tool for national academic journals, 
which includes all the contents of journals in 
China. This paper chooses this database to 
ensure the persuasiveness and reliability of the 
research.  

3.2 Data Collection 
 

A total of 12 articles were retrieved using “critical 
thinking” and “pre-service teachers” as the topic 
words. A total of 29 articles were retrieved using 
“critical thinking” and “teacher educators” as the 
topic words. A total of 150 articles were retrieved 
using “critical thinking ability in mathematics” as 
the topic words. Considering the research 
questions and the number of citations in the 
literature, 42 references and 2 related books 
were finally selected. 
 

4. THE RESEARCH ON CONCEPT 
 

4.1 The Concept of Critical Thinking 
  
Dewey first clearly defined critical thinking, 
introducing the term “reflective thinking”, stating 
that reflective thinking is the continuous reflection 
on an issue [3]. Dewey viewed critical thinking as 
a thought process, and later scholars have 
viewed critical thinking as a cognitive process. 
The American Psychological Association (APA) 
provided an authoritative definition of critical 
thinking in 1990: critical thinking is the thought 
process of making self-regulating judgments 
about the processes, theories, methods, contexts, 
evidence, and criteria for evaluating knowledge 
that produces knowledge [4]. According to He [5], 
critical thinking is the process of understanding in 
which our thinking is examined comprehensively 
to deepen understanding [5]. Du [6] considers 
critical thinking as a process in which students 
correctly analyze thinking materials, examine 
thinking processes, and make comprehensive 
and correct analyses in their thinking activities [6]. 
According to Huang [7], critical thinking is the 
process of operating critical thinking about one’s 
knowledge or opinions, and it is the process of 
concluding through questioning and 
argumentation [7]. 
 

According to Xing [8], critical thinking is the 
intellectual quality of critically evaluating the 
thinking material and examining the thinking 
process in the thinking activity [8]. Luo and Yang 
[9] pointed out that critical thinking is a 
personality quality in which individuals make self-
regulating judgments about the process of 
knowledge generation [9]. 
 

Some scholars consider critical thinking as an 
ability, represented by Ennis [10], who believes 
that critical thinking is the ability of individuals to 
make rational decisions about what to do and 
what to believe [10]. Gu [11] thinks critical 
thinking is the ability to ask appropriate questions 
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and present sound arguments [11]. Wen [12] 
refers to critical thinking as the ability to think 
critically and considers it as the ability to make 
purposeful and informed judgments about things 
based on criteria [12]. 
 

4.2 The Concept of Mathematical Critical 
Thinking 

 

Regarding the criticality of mathematical thinking, 
Li and Zhang [13] believe students’ critical 
mathematical thinking is manifested by having an 
interest and ability to be willing to test in various 
ways [13]. According to Zhang [14], the criticality 
of mathematical thinking is demonstrated by not 
trusting blindly to general conclusions or others’ 
opinions, having a solid intention to check, and 
being good at finding and correcting                          
errors [14]. 
 

Scholars have also analyzed mathematical 
critical thinking based on the concept of critical 
thinking combined with the characteristics of the 
mathematics discipline. According to Liu [15], 
mathematical critical thinking refers to the quality 
of closely examining the correctness and 
truthfulness of the information. It is expressed as 
the ability to give one’s own opinion about 
existing mathematical representations and to use 
known conditions comprehensively for self-
feedback [15]. According to Xiong [16], 
mathematical critical thinking is a quality of 
thinking that refers to students who are good at 
examining the thinking process in their thinking                                        
activities [16]. 
 

Zeng [17] regards mathematical critical thinking 
as a kind of mathematical analysis ability and 
believes that mathematical critical thinking is not 
an independently existing form of thinking [17]. 
That is an integrated mathematical analysis 
ability supported by various basic knowledge. 
Other scholars believe that mathematical critical 
thinking is a kind of thinking process. Xiao [18] 
believes that mathematical critical thinking refers 
to the thinking process in which college students 
purposefully reexamine, defend and rethink the 
mathematical theories they have learned [18]. 
According to Liu [19], in terms of the object of 
thinking, mathematical critical thinking is the 
process of reflecting, questioning, clarifying, and 
independently analyzing one’s thinking [19]. 
 

4.3 The Concept of Mathematical Critical 
Thinking Ability 

 
There are relatively few studies on the concept of 
mathematical critical thinking ability. Huang [20] 

considers critical thinking ability as a stable 
psychological characteristic of individuals [20]. It 
is expressed in the individual’s judgment of the 
accuracy and value of various relevant 
knowledge to make rational decisions about what 
to believe and choose. Jia [21] believes that 
mathematical critical thinking ability is an 
important part of mathematical thinking, mainly 
critically examining the correctness and 
truthfulness of information [21]. Specifically, 
mathematical critical thinking ability is 
concentrated in the qualities of not blindly 
following the crowd, not blindly believing in the 
knowledge in mathematics textbooks, daring to 
question books and teachers, and being                  
good at identifying problems and actively 
adjusting one’s thinking. Ji [22] considers the 
ability of mathematical critical thinking as a 
comprehensive ability that involves the                    
ability to analyze, judge and evaluate reason, 
explain, and self-monitor mathematical activities 
[22]. 

 
5. THE RESEARCH ON STATUS 
 

Zhou and Song [23] believe that mathematics 
teacher-training students do not show the 
advantage of critical thinking in college, and 
there is still much room for improving their critical 
thinking ability [23]. Yan [24] believes that the 
traditional teacher training education model is 
mainly reflected in straightforward teaching 
methods. Teachers instill knowledge through 
lectures, and students receive knowledge 
through rote memorization [24]. Under such a 
teaching model, pre-service teachers’ 
understanding of teaching can only be superficial, 
and critical reflection is impossible to arise. 
Through a survey comparison, Ma [25] found that 
the level of critical thinking of senior students in 
teacher training colleges is significantly lower 
than that of junior students [25]. Zhang [26] also 
concluded through a survey study that college 
students’ critical thinking does not become 
stronger with increasing grades [26]. These 
studies show that pre-service mathematics 
teachers’ mathematical critical thinking ability is 
weak and that current teacher education colleges 
do not significantly improve pre-service 
mathematics teachers’ mathematical critical 
thinking ability. 
 
In addition, scholars have made a more in-depth 
investigation of the current situation of college 
students’ critical thinking ability. The research 
results of Ye and Yin [27] showed that the 
cognitive characteristics of college students’ 
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critical thinking process are mainly: thinking 
indifference, thinking compromise, thinking 
conformity, and thinking fixation [27]. Xia and 
Zhong [28] believed that the overall level of 
critical thinking among college students is 
average, but the depth of reasoning ability is not 
strong. So cultivating critical thinking among 
college students is relevant and urgent [28]. The 
results of a study by Li [29] showed that some 
students lacked systematization and organization 
in analyzing and dealing with problems, and they 
did not know how to find the causes [29]. Zhao 
[30] believes that teachers training colleges and 
universities students often lack questioning spirit 
and reflective consciousness [30]. 
 

6. THE RESEARCH ON INFLUENCING 
FACTORS 

 

6.1 Pre-service Teachers 
 
Li [31] analyzed the influencing factors in terms 
of the personal affective traits of college students. 
He concluded that the factors of the student’s 
subject, student’s gender, chosen profession, 
and evaluative ability significantly influence their 
critical thinking ability [31]. Li [31] pointed out that 
mathematical critical thinking depends on 
mathematical knowledge, the level of 
development of the subject’s thinking, and the 
psychological quality of the student in terms of 
thinking content [32]. Qiu [33] argued that 
extracurricular learning and college students’ 
study engagement status significantly affect 
students’ critical thinking ability [33]. The stronger 
the extracurricular learning and research 
atmosphere, the better the critical thinking level 
of students. A good level of engagement in 
learning helps students be more proactive in their 
thinking and exploration, which promotes the 
improvement of critical thinking [34]. 
 

6.2 Normal University 
 
As for the influencing factors at the school level, 
Zhao [30] and Cao [34] analyze them from the 
aspects of cultivation objectives and the 
cultivation mode of universities [30, 34]. They 
believe that at the current stage, many colleges 
and universities in China generally deviate 
seriously from the scientific and human-oriented 
principles in terms of cultivation objectives. In 
terms of cultivation mode, universities continue 
the traditional memory-indoctrination teaching 
mode. Zhang [26] and Xia [35] analyzed the 
faculty level of universities. Zhang argues that 
university teachers' teaching philosophy, 

teaching content, teaching assessment, and 
teaching methods affect the cultivation of critical 
thinking [26]. Xia argues that some university 
teachers do not have high expectations of their 
teaching effectiveness and only stay at the level 
of regular teaching maintenance. There is a 
problem with their lack of teaching responsibility 
and their attitude and ability to deconstruct and 
innovate existing subject knowledge and 
concepts [35]. Cao et al. argue that external 
factors such as classroom culture can also affect 
the critical thinking ability of college students. 
Education in China has emphasized the absolute 
obedience of students to teachers since ancient 
times [34, 36,37]. The suppression of students’ 
critical thinking makes students subordinate to 
their teachers. Qiu [33] analyzes the academic 
assessment from the perspective of academic 
assessment [33]. She argues that assessment is 
a test of teaching effectiveness and supervision 
of learning to think. The setting of assessment 
affects students’ way of thinking and habits. 
 

6.3 Family Environment  
 
The family environment is also an essential 
factor influencing pre-service teachers’ critical 
thinking ability. Chen [38] argues that objective 
factors such as parental literacy and family 
economic background affect college students’ 
critical thinking ability [38]. Yu and Shen [39] 
found that family income significantly impacts 
college students’ critical thinking ability [39]. 
More and more sustained financial investment is 
needed to guarantee that children can have 
greater competence through higher education, 
especially higher-order competencies 
represented by critical thinking ability. 
 

7. RESEARCH ON TRAINING MEASURES 
 

7.1 Normal University 
 
Cao [34] analyzes the curriculum from the 
perspective of curriculum development and 
argues that the curriculum should be reformed to 
train students’ critical thinking abilities [34]. 
Schools can set up a set of interdisciplinary core 
courses to broaden students’ horizons and 
improve their scientific and rational critical 
thinking abilities [35]. Xia [37] and Zhou [40] 
analyze the school’s teaching objectives at the 
setting level. Xia argues that schools should 
establish a view of knowledge based on the 
cultivation of critical thinking and the value of 
knowledge for creativity [37]. Zhou argues that 
when schools work on critical thinking 
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development, they should first adjust the goals of 
talent development in a targeted way according 
to the principles of individualization, diversity, and 
internationalization [40]. This will allow students’ 
autonomy and individuality to be fully developed 
under the school’s critical thinking cultivation 
goals. 
 

7.2 College Teachers 
 
Xia [35] believes that university teachers should 
have profound knowledge and have humble 
qualities and broad-mindedness [35]. Teachers 
should be open and tolerant to students’ 
questions and criticisms in teaching practice. 
Teachers can encourage students to reconstruct 
the existing conceptual knowledge system in 
many forms. Zhou [40] suggests that university 
teachers plan more opportunities and time for 
students to think for themselves and do bold 
challenges and explorations [40]. Sun [41] 
argues that teachers should change the 
traditional one-way injection teaching mode and 
adopt a heuristic and discussion teaching mode 
to effectively play the leading role of teachers 
[41]. Li [2] suggested that teachers in higher 
education institutions should consciously guide 
students to think and make judgments in 
teaching to train students’ critical thinking [2]. 
Each pre-service teacher must carefully observe 
other pre-service teachers in the classroom and 
give feedback on the teaching of fellow lecturers 
at the end of the class. 
 

7.3 Teaching Environment 
 
Some scholars suggest creating a teaching 
environment at the level of teaching atmosphere. 
Ye [27] suggests building a learning environment 
conducive to cultivating critical thinking among 
college students [27]. According to Qiu [33], a 
student-oriented classroom teaching atmosphere 
that focuses on inspiration and guidance should 
be created to build an extracurricular learning 
and research environment conducive to 
developing students’ critical thinking [33]. 

 
8. DISCUSSION 
 
From the above studies, scholars mainly focus 
on four aspects: the concept of mathematical 
critical thinking, the current situation of pre-
service mathematics teachers’ mathematical 
critical thinking ability, the influencing factors, and 
the cultivation measures. Among them, the 
influencing factors and cultivation measures of 

mathematical critical thinking ability are the hot 
spots of current research. That is consistent with 
the conclusions reached in Jiang’s study [42]. 
However, there are few studies on the concepts 
of mathematical critical thinking ability and the 
current situation of pre-service mathematics 
teachers’ ability. 

 
Specifically, researchers mainly defined 
mathematical critical thinking as the quality of 
thinking or a thinking process. Some researchers 
defined it as an ability. Many scholars confused 
the concepts of mathematical critical thinking and 
mathematical critical thinking ability. Therefore, 
future research is better to distinguish the two 
concepts. This was also mentioned in Zhai’s 
study [43]. 
 

From the viewpoint of research subjects, 
scholars mainly analyzed the influencing factors 
of college students. There are few studies 
specifically for pre-service mathematics teachers. 
In terms of research methods, scholars mostly 
used theoretical thinking to analyze the 
influencing factors, lacking empirical analysis. 
That leads to the intense subjectivity of the 
research results and the lack of comprehensive 
analysis of the influencing factors. Scholars Qiu 
[33] and Chen [38] also pointed out that the 
research methods of the relevant studies were 
relatively single [33,38]. Therefore, future 
research is better to use more comprehensive 
research methods and conduct a more objective 
analysis of the factors affecting pre-service 
mathematics teachers’ mathematical critical 
thinking ability. 
 

In addition, scholars mostly make suggestions 
based on their own experiences or previous 
studies, which makes the credibility and 
feasibility of the suggestions not convincing. 
Therefore, subsequent research can be 
conducted from a broader perspective to make 
more comprehensive suggestions to develop 
pre-service mathematics teachers’ mathematical 
critical thinking ability [44]. 
 

9. CONCLUSION 
 

Through summarizing the previous studies, it can 
be seen that scholars focus on the concept of 
mathematical critical thinking, the current 
situation of pre-service mathematics teachers’ 
mathematical critical thinking ability, the 
influencing factors, and the cultivation measures 
to enhance pre-service mathematics teachers’ 
mathematical critical thinking ability. 
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The following conclusions can be drawn by 
summarizing the related studies: (1) The 
influencing factors and cultivation measures of 
mathematical critical thinking ability are the hot 
issues of current research. (2) The research 
method is single. Most researchers just use 
theoretical thinking to analyze the influencing 
factors and cultivation measures. (3) The 
suggestion about improving pre-service 
mathematics teachers’ mathematical critical 
thinking is a blank spot.  
 
Therefore, future research is better to use more 
comprehensive research methods and conduct a 
more objective analysis of the factors affecting 
pre-service mathematics teachers’ mathematical 
critical thinking ability. And subsequent research 
can be conducted from a broader perspective to 
make more comprehensive suggestions to 
develop pre-service mathematics teachers’ 
mathematical critical thinking ability. 
 
The deficiency of this study was that only a part 
of Chinese articles was studied and the 
references were so limited. The research used 
literature research method to study and the 
research method is relatively single. Therefore, 
future review research is better to use more 
comprehensive references and research 
methods. Besides, we analyze previous studies 
in four main areas and subsequent research can 
be conducted from a broader perspective to 
grasp the characteristics and status of current 
research to promote further research by scholars. 
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