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Introduction 

Scientific content knowledge plays a crucial role in teaching and can 
promote scientific thinking in students. Scientific development is closely 
related to the formation of scientific concepts, and the achievements of sci-
ence are mainly presented in a conceptual form. On the one hand, scientific 
concepts have formed gradually and improved with the development of 
science, revealing the objective laws of things, and reflecting the results of 
scientific understanding. On the other hand, as the basic unit of scientific 
thinking operations, scientific concepts can deepen scientific thinking and 
promote scientific understanding and practice. China’s new ‘Compulsory 
Education Biology Curriculum Standards’, which was released in 2011, high-
lighted in implementation recommendations that standards claimed ‘focus 
on the study of important concepts’ and pointed out that important biologi-
cal concepts are at the centre of the discipline (China, 2011). Based on the 
development of students’ core literacy, The Biology Curriculum Standard of 
General High School of China introduced in 2017 further clarified the four 
core literacy elements, namely life concept, scientific thinking, scientific in-
quiry, and social responsibility, emphasizing the need for the construction of 
students’ biological concepts, acquisition of life concept, and development of 
scientific thinking. Concept teaching has become the core content of biology 
teaching (China, 2017).

Therefore, possessing the corresponding concept teaching knowledge 
has become the premise and foundation for biology teachers to carry out 
effective concept teaching. Unfortunately, at present, our teacher training 
has not specially set up concept teaching courses, and there are a few stud-
ies on concept teaching. Thus, it is unclear what type of knowledge do biol-
ogy teachers need to possess in concept teaching. This problem cannot be 
avoided for our teacher training institutions and teachers themselves. Thus, 
the present research aims to address this core issue.
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Abstract. The topic ‘photosynthesis’ 
contains many intangible and abstract sci-
entific concepts, regarding which students 
hold many preconceptions. Conceptual 
learning is a process of co-creation and 
flow that requires the teachers’ higher edu-
cational level on conceptual teaching. The 
present research considers photosynthesis 
as an example. Results of Ball’s 2008 re-
search on teachers’ content knowledge for 
teaching served as the theoretical frame-
work. In total, 30 biology teachers from 11 
lower-middle schools in a medium-sized 
city in China were selected as the research 
objects. The conceptual learning achieve-
ments of 1442 students taught by those 
teachers were used as a yardstick, and two 
sets of self-designed questionnaires were 
used to demonstrate, describe, and discuss 
these elements and their current state in the 
teachers’ mind and determine influencing 
factors. According to the results, except for 
the knowledge of concept and student ele-
ment, all the other three elements attained 
the passing level. Specifically, the level of 
common concept knowledge was relatively 
high, but this element had not attained 
the perfect level. A scope for improvement 
was observed for the other three concep-
tual knowledge elements. No significant 
difference in the knowledge elements level 
was observed among the teachers from 
different schools. 
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First, the research position of this study needs to be clarified, and the key concepts need to be defined. Accord-
ing to the constructivist view of learning, learners have formed their own ideas and views on scientific phenomena 
and processes before receiving formal education, which has led to the formation of many concepts in their brains, 
some of which are correct, and some are wrong; some are complete, and some are incomplete. Because these prior 
concepts are stubborn and often difficult to change, if they are not paid timely and sufficient attention in the early 
teaching process, they are likely to be held by learners for a lifetime (Treagust, 2006). 

Academic circles have different names for learners’ original views and viewpoints, or prior- concepts. At pres-
ent, there are three terms that are widely used: misconception, alternative conception, and preconception. Dif-
ferent terms represent different philosophical views of scholars. Scholars such as Ausubel (1963) have advocated 
the use of “pre-scientific conception”, referred to as “preconception”. They believe that the negative implication of 
preconception is much less than that of misconception. Preconception is an incomplete understanding of concept 
and may not be wrong, and it best expresses what the researcher wants to express.

This study considers the term “preconception” because what affects students’ follow-up learning is not only 
the misconceptions in students’ minds but also the incomplete understanding of scientific conceptions, which are 
also the objects that remain to be explored. Therefore, the term “preconception” is used uniformly in this paper (for 
the use of terms in the cited literature, the author’s original text shall be followed).

As early as the 1980s, Shulman and his colleagues have begun paying attention to this problem. They initially 
have divided teachers’ content knowledge (CK) into subject matter knowledge, teaching content knowledge, and 
curriculum knowledge (Shulman,1986). Later, the teacher’s CK has been put into the teacher knowledge, and the 
teacher’s knowledge has been divided into seven elements, and the PCK that originally belonged to CK has been 
independent, becoming an element that belonged to the teacher’s knowledge and juxtaposed with the teacher’s 
CK (Shulman,1987). At that time, the academic circles generally believed that the level of teachers’ PCK had closely 
related to the quality of teachers’ teaching effect. Therefore, many scholars further have defined PCK and carried 
out research on teachers’ PCK based on the work of Shulman and his colleagues (e.g., Leinhardt, 1990; Grossman, 
1991; Cochran, 1993; Morine-Dershimer & Kent, 1999). However, they had ignored a very important element of 
teacher knowledge other than teacher PCK, that is, the teacher CK that Shulman and his colleagues initially paid 
attention to and have been continuously engaged in research on this aspect. PCK can be said to be teaching prac-
tical knowledge based on teaching situation. To effectively use PCK, teachers should first have corresponding CK 
in their minds, that is, in their conceptual system, there should be corresponding CK concept nodes for them to 
temporarily call the combination to deal with the problems encountered in teaching.

Ball et al. (2008) Based on Shulman and his colleagues’ main views on teacher knowledge research in 1986 
(lack of paradigm and PCK concept), the importance of promoting content knowledge for teaching (CKT) had 
been emphasized again, and on the basis of Schumann’s definition and essential attribute positioning of PCK at 
that time, the constituent elements, types and essence of content knowledge used by mathematics teachers for 
teaching had been further revealed through practical investigation. The authors emphasize that PCK is a special 
form of content knowledge.

Through normal observation and summary of the teaching process, based on the collective wisdom of a 
group of experts with extensive experience and subject background, and the research accumulation of Ball and 
other scholars in recent decades, the authors have summarised the necessary content knowledge of mathematics 
teachers. According to them, the induction of this knowledge element originates from the excavation of teachers’ 
essential knowledge. This research result has strong popularisation significance and can be successfully applied 
to other disciplines, such as history, biology, and music. It is proposed that the elements contained in CKT are as 
follows: Common content knowledge (CCK); Special content knowledge (SCK); Knowledge of content and students 
(KCS); Knowledge of content and teaching (KCT). (As shown in Figure 1)
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Figure 1
Domains of Mathematical Knowledge for Teaching (Ball et al., 2008)
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Based on this CKT framework, this study constructs the concept teaching knowledge framework of biology 
teachers, which is in line with the existing relevant research views and conclusions, then the content of each ele-
ment was divided and defined (Burgoon et al., 2009; Gomez-Zwiep, 2008; Kruger, 1990; Yip, 1998; Iordanou, 2003; 
Morrison & Lederman, 2003; Meyer, 2004). 

This research collected, summarized, and internalized the results of previous studies and inferred that the 
concept teaching knowledge of lower-secondary school biology teachers should include four elements: CCK, 
SCK, KCS, and KCT. These four elements can respectively identify the teachers’ general and professional mastery 
level on scientific concepts and maturity level on misconception, diagnostic methods, and changing strategies. It 
is considered that the four elements of teacher concept teaching (CCK, SCK, KCS and KCT) exhibit a recursive logical 
relationship.

CCK (Common Concept Knowledge) reflects the degree of mastering scientific concepts for teachers. Related 
studies have demonstrated that a vital source of students’ preconceptions is teachers’ preconceptions. Consequently, 
this element fundamentally promotes students’ learning about concepts, which belongs to the scope of CCK.

SCK (Special Concept Knowledge) explains the essence of differences between preconceptions and scien-
tific concepts. It could be distinguished from CCK because it forms the basis for teachers to understand students’ 
preconceptions. At the same time, SCK includes teachers’ understanding about the definition, characteristics, and 
functions of preconceptions. To a certain extent, SCK reflects teachers’ essential understanding of preconceptions 
that can potentially impact teachers’ teaching orientation. Moreover, SCK determines whether teachers will notice 
the hindrance caused by preconceptions in students’ learning, which will seriously influence students’ learning 
achievement. Simultaneously, it affects the teachers’ meta-cognition level about their preconceptions, as well as 
their professional development. This knowledge element belongs to the scope of SCK.

Knowledge about students and concepts is the teacher’s knowledge of the students’ preconception level. For 
example, based on the existing knowledge and cognitive level of students from different backgrounds and grades, 
how to define the difficulty degree of a topic? Students hold preconceptions on which subjects? What types of 
preconceptions do students usually have? What methods can be used to explore students’ preconceptions? This 
knowledge element belongs to the scope of KCS (Knowledge of Concept and Student).

Knowledge about students and pedagogy is the teachers’ knowledge of students’ conceptual change strategies. 
It refers to teachers’ mastery and the condition for applying conceptual change strategies under specific situations. 
This knowledge element belongs to the scope of KCT (Knowledge of Concept and Teaching).

Here, based on the main views of previous studies, especially the academic positions of Shulman (1986) and 
Ball et al. (2008), these four elements were returned to the teacher’s subject content knowledge to express the 
relationship among these elements, teacher’s content knowledge, and PCK.
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Figure 2
The Relationship among Various Elements of Concept Teaching Knowledge and PCK 
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As shown in Figure 2, this research highlights the following points: first, the four elements (namely CCK, SCK, 
KCS, and KCT) constitute the teacher’s content knowledge. Second, KCS and KCT are also located at the intersec-
tion of content knowledge and pedagogy knowledge—PCK. Because CCK and SCK indicate the extent of mis-
conceptions among teachers and their understanding of the essential attributes about misconceptions, they are 
all theoretical knowledge. KCS and KCT are teachers’ knowledge about students and content and about students 
and teaching, respectively. On the one hand, teachers should have an understanding and mastery of these two 
aspects of knowledge at the theoretical level; on the other hand, they should also be able to apply the theoretical 
knowledge related to these two elements or the knowledge in their minds to the teaching practice depending on 
a specific teaching situation. Thus, the last two elements should belong to the PCK knowledge domain. The present 
research focuses on exploring the level of these four elements in the teacher’s mind.

Since the concept teaching knowledge of biology teachers is put forward for the first time, this study uses the 
achievements of students’ concept learning as the yardstick to confirm the rationality of these elements in statisti-
cal sense. The research idea is mainly inspired by three research paradigms of teachers’ CK and students’ learning 
achievements. 1)The “process product” research paradigm that studies the relationship between teachers’ teaching 
behaviour and students’ learning achievements, which has been proposed by the scholars (e.g., Brophy & Good, 1986; 
Doyle, 1977; Gage, 1978) 2) The research paradigm of “educational production function”, which studies the relation-
ship between educational resources and students’ learning achievements (Greenwald et al., 1996; Hanushek, 1981). 
3) The research paradigm of “teacher knowledge” has been raised by Ball team (Ball et al., 2008). 

Definition of photosynthesis: synthesis of complex carbon compounds out of carbonic acid, in the presence 
of chlorophyll, under the influence of light’ should be designated as either ‘photo syntax’ or ‘photosynthesis’ (Gest, 
2002). Photosynthesis is the key concept to be learned by students from primary schools and even college or univer-
sity. However, as a complex biological subject, photosynthesis covers several conceptual contents. Students find it 
difficult to understand the relationship among these conceptual contents. Extensive research has been conducted 
to study students’ preconceptions regarding photosynthesis (Dolenc Orbanić et al., 2016). Relatively small number 
of studies have focused on teachers’ preconceptions about photosynthesis, and many biology teachers have been 
reported to hold misconceptions similar to their students (Burgoon et al., 2011). However, little attention has been 
paid to the relevance of preconceptions between teachers and students about this topic. Therefore, this research 
considered the theme of ‘photosynthesis’ as an example and students’ academic performance as a yardstick to 
delineate the elements of biology teachers’ concept teaching knowledge from the perspective of quantitative 
research and analysed the concept teaching knowledge of science teachers.

Considering the crucial role of concept teaching in the construction of scientific concepts and the formation 
of scientific literacy, this research attempted to extend Ball’s research on teacher’s content knowledge for teach-
ing. The present research also attempted to quantitatively demonstrate the connotation, boundary, and relation-
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ship among the four elements of Ball’s framework and to interpret them from the content knowledge base for 
conceptual teaching, which is essential for teacher’s concept teaching. Hopefully, this research can be promoted 
and expanded to further deepen previous research results; more importantly, the slogan ‘teaching for conceptual 
change’ has been appealing for almost 40 years. Several studies have suggested that the construction of ‘missing 
paradigm’ must be grasped. Teachers’ understanding and teaching level of scientific concepts need continuous 
attention. However, teacher education has grabbed considerable attention and should remain the prime focus in 
future. First, the present research determines the basic knowledge elements necessary for the concept teaching 
of science teachers and discusses how well the teachers master this knowledge.

Research Aim and Research Questions

The research aimed to delineate the elements of teachers’ concept teaching knowledge, evaluate the po-
tential relationship between the elements, and explore the current state of Chinese lower-middle school biology 
teachers’ conceptual teaching knowledge by using the theme of photosynthesis. A reliable and valid questionnaire 
was developed in this research to test teachers’ concept teaching knowledge. The following three questions were 
addressed during the research period.

	 RQ #1: 		 Statistically, are CCK, SCK, KCS and KCT the necessary knowledge elements for the concept teaching of lower-
secondary school biology teachers? 

	 RQ #2: 		 In practice, starting from the survey sample, how about the status quo of CCK, SCK, KCS and KCT of biology teach-
ers in lower-middle schools? 

	 RQ #3: 	 Are there any possible influencing factors of concept teaching knowledge?

Research Methodology

Research Design

In terms of concept teaching, combined with previous research results, this research first defined the connota-
tion of the four elements mentioned in the Ball’s research framework: CCK, SCK, KCS, and KCT. Based on the two-
tier diagnostic test of this topic compiled by Treagusts (Peterson et al., 1986), a set of diagnostic tests compatible 
with the study’s objective and subjective questions was independently developed in the present research. Two 
versions of a two-tier diagnostic test questionnaire were used to explore the level of four knowledge elements for 
conceptual teaching of 30 teachers and to determine the learning achievement of the students of these teach-
ers. By analysing the relationship between the level of knowledge elements for teachers’ conceptual teaching 
and students’ learning achievement, this research demonstrated the importance of these four elements through 
quantitative research, explored the relationship between these elements, and assessed the teachers’ knowledge 
level for conceptual teaching.

Based on the research standpoints of Shulman, Ball, and other scholars on subject-oriented teacher knowledge, 
the present research explored the necessary content knowledge of science teachers for conceptual teaching. Based 
on previous research results and the perspective of conceptual teaching, the four knowledge elements mentioned 
in the Ball’s model were specifically studied. The constructivist teaching view emphasizes the commitment to 
students’ preconceptions. However, the existing research shows that teachers’ preconceptions are also somewhat 
similar to students’ preconceptions (Liu & Li, 2016). Teachers’ preconceptions are likely to be one of the main sources 
of students’ preconceptions (Li & Liu, 2010). Therefore, there is an urgent need to return to the content knowledge 
level of conceptual teaching and explore content knowledge required by teachers for conceptual teaching.

Participants

Participants were from a second-tier city in China. The teaching level of this city is medium in China. This city 
has 90 lower-secondary schools, which can be divided into three types according to the school level. This research 
first adopted a stratified sampling approach. Eleven schools were randomly selected from these three types of 
schools, and an average of 2–3 teachers were selected from each school. Then, one class taught by each teacher 
was randomly selected, with each class consisting of an average of 40–50 students. A total of 30 teachers (all 30 
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questionnaires were valid) participated in the survey. Simultaneously, the conceptual learning achievements of 
1,442 students (1416 valid questionnaires were collected) they taught were also investigated to bring out the 
research objectives. 

Before collecting the questionnaire, all participating teachers in the study were informed that the questionnaire 
collection was anonymous, and the data obtained were only for research purposes and would not be obtained 
by others.

The teacher group comprised 12 men and 18 women, with age ranging from 28 to 50 years. Of the total, 11 
teachers were from Grade 7, and 19 teachers were from Grade 8. The average teaching age was 8 years. The teacher 
ratio of the three types of schools is 9:12:11. 

Research Tool

Types of the instrument used

Two versions of the questionnaire were used in the present research: student’s version and teacher’s version. 
The content of the questionnaire is based on the two-tier diagnostic test related to the subject of ‘photosynthesis 
and respiration’ compiled by Australian scholars (Treagust & Haslam, 1986).

 The student’s version of the questionnaire is based on a literal translation of the original English version, and 
by using this questionnaire, the sources of the students’ preconceptions were analysed. It consisted of 13 five-choice 
(one right answer, three distractors, and one for other reasons) test items. The first draft of the questionnaire was 
tested, and feedback of at least six experts and four experienced in-service teachers was obtained. Based on the 
feedback, the questionnaire was continually revised, and the final draft was then created. Before testing for valid-
ity and reliability, a pilot test was implemented with 100 students to determine whether there was anything the 
students could not understand. The score range possible on the two-tier test is 0−26. 

Some changes were made to the teacher’s version questionnaire based on the student’s version questionnaire; 
the teacher’s version questionnaire covered the four elements of teachers’ concept teaching knowledge men-
tioned in this research. For example, the first part of the teacher’s questionnaire is mainly for the second element 
of teachers’ concept teaching knowledge, that is, SCK. The completed teacher’s version of the questionnaire was 
also tested by six experts. The two versions of the questionnaire met the structural requirements of the standard 
questionnaire, and the questionnaire involved a combination of open and closed questions. 

Question setting of the instrument

The questionnaire for teachers’ concept teaching knowledge can be divided into three parts. The first part 
consists of six items, including three single-choice questions, one short answer question, and two semi-open ques-
tions, and these items are mainly used to measure the second element of teacher’s concept teaching knowledge 
(i.e., SCK). The second part consists of 13 items, all of which are single-choice questions that are mainly used to test 
the first element of teacher’s concept teaching knowledge (i.e., CCK). The third part consists of six items including 
two single-choice questions, one short answer question, and three multiple-choice questions. These six items are 
mainly used to test the third and fourth elements of teachers’ concept teaching knowledge (KCS and KCT, respec-
tively). The students’ questionnaire has 13 items, and each question has 3 three-tier diagnostic tests. The first test 
involves selecting the option for a question. The second test involves explaining the reason for selecting the option 
(i.e., why do I choose this option?). The third test involves explaining the source of the reason.

Scoring standard of the instrument

The teacher’s version of the questionnaire comprised a total of 25 questions and three parts. The second part of 
the questionnaire is about the CCK element, which is same as that in the student’s version of the questionnaire. The 
statistical scoring method is as follows. The answers for the original English questionnaire are used as the standard. 
Under the condition that each respondent chooses the right option and the right reason at the same time, each 
question is assigned 2 points, and no points are assigned to the situation of missing answer or no more than one 
error. The third part of the teacher’s questionnaire is about the KCS element, which mainly compares the answers 
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between the teachers and their students, and then, points are assigned. For example, to determine whether the 
teacher’s speculation regarding the students’ error rate is accurate, we need to determine whether it matches the 
student’s actual answering situation. The rest of the questionnaire is about the SCK and KCT elements. The scores 
of related questions are based on the existing research results and the academic position of the research. Accord-
ingly, four grades, namely excellent, good, general, and poor, are assigned, with excellent being equivalent to 3 
points, good equivalent to 2 points, general equivalent to 1 point, and poor equivalent to 0 point. The score range 
possible on the whole test is 0−65.

Reliability and validity test of the instrument

The ‘quantitative analysis method’ of expert review was used to conduct the validity test, and the question-
naire for the validity test was compiled. The test questions in the survey questionnaire were compared with every 
detail of the teachers’ concept teaching knowledge. Then, the correlation between every question and knowledge 
point could be determined using a four-point scale. 

The content validity coefficient was 24/0+0+1+24 = 0.96. According to the validity test requirement of the 
General Knowledge Survey Questionnaire, the acceptable range for the validity coefficient is >0.70. Thus, the test 
questions of the questionnaire could examine the teachers’ concept teaching knowledge.

Because the questionnaire contains various questions, the scoring method does not involve marking a single 
answer as right or wrong but involves multiple scores. For example, the scoring method applied in the first and 
third parts of the questionnaire uses a range 0–3. Therefore, with the Cronbach alpha coefficient, a reliability coef-
ficient of 0.843 was calculated for the questionnaire. 

The aforementioned test of validity and reliability of the teacher’s questionnaire revealed that the question-
naire is effective and stable.

Example of a test item on the teacher’s version of the questionnaire (question about KCS)

Q1. 	In your opinion, the proportion of students who can’t correctly answer the question... (In the student 
version questionnaire) in your class is about?

	 A 1%—25%
	 B 25%—50%
	 C 50%—75% 
	 D 75%—100%
Q2. Which do you think is the easiest choice for students (A, B, C, D)__________________________ 

Or other__________________________
Q3. What are the possible reasons for their choice________________ Or other__________________     
Q4. Which scientific concept or aspect of the conception do they understand not deeply enough or even 

wrong?
 	       (a short answer to this question is enough)

Procedure

The research was conducted in the fall semester of the 2019-2020 academic year and involved the unit of 
“Photosynthesis” in the 7th grade biology course. The duration of the research was a total of twelve weeks. 

After learning the theme of photosynthesis, the teachers and students were asked to complete the question-
naire in one lesson, that is, 45 min and 45–60 min, respectively. The teachers and students were required to keep 
thinking independently and not to refer to any relevant materials or answers from others to ensure the reliability 
of data obtained from the questionnaires.
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Treatment in the students group
 
Once the questionnaires were distributed, the students were told that they were to follow the instructions on 

the sheets. After each student received a sheet, the researchers shared the following two points with the students. 
1) There are 13 questions in the student questionnaire, and each question contains 3 small questions. First, make 
choices according to the questions; Secondly, explain the options made and why to choose this option; Finally, 
for this reason, explain the source of the reason. 2) In the second small question of each question, 1, 2, 3, 4, and 
other reasons, the five options are juxtaposed, that is, if you can’t find the corresponding reason in 1, 2, 3, 4, fill in 
the other reasons by yourself. The researcher acted as a guide throughout the process who answered students’ 
questions about the items and explained rules to ensure the effectiveness of the returned questionnaire.

Treatment in the teachers group 

Considering teachers’ professional awareness, researchers did not make rigid requirements for teachers’ answer 
location. Teachers are only required to answer the questionnaire according to the guidance within a given period 
of time. To ensure the authenticity and validity of the questionnaire as much as possible, the researchers asked the 
teachers to write their initials in the name column, asked the teachers to fill in the information such as education 
background, teaching age, rank and major, and asked the teachers to leave a common email for follow-up research. 
At the same time, the mailbox of the research group was attached to answer the teachers’ questions at any time.

Data Analysis

Accordingly, 30 teachers’ questionnaires and 1,442 students’ questionnaires were distributed. Then, the col-
lected data were encoded, and SPSS Version 18. was used for data analysis. The total score of the conceptual knowl-
edge for teaching (CKT); the scores of CCK, SCK, KCS, and KCT of the 30 teachers; and the academic scores of their 
students were analysed to delineate and corroborate the theoretical framework proposed in this research——the 
elements of teacher concept teaching knowledge. The teacher’s questionnaire was used to test the status quo of 
concept teaching knowledge.

Data collected were analysed using SPSS Version 18. Descriptive statistics were used to obtain the situation 
about means, standard deviations (maximum and minimum) of the scores for each element of conceptual teaching 
knowledge (CKT). The means were used to determine the level of teachers’ concept teaching knowledge. Correlation 
analysis was used to determine the elements of teachers’ concept teaching knowledge by calculating the correla-
tion between the scores of knowledge elements and students’ concept learning achievements. The t-test (p <0 
.05) (Tlala et al., 2014) was used to verify the influencing factors of teachers’ conceptual teaching knowledge level, 
such as educational background, teaching age, gender, rank, age, and school. Regressive analysis was calculated 
among the knowledge elements to infer the logical relationship between the elements.

Research Results

Statistical Analyses for Teachers’ Concept Teaching Knowledge

The academic achievement of students is a critical criterion for evaluating the teachers’ teaching level, and 
this paper statistically analysed the relationship between the four elements of teachers’ concept teaching knowl-
edge (CCK, SCK, KCS, and KCT) and students’ academic achievement by using SPSS Version 18. In this manner, the 
speculation that whether these four elements of concept knowledge are essential for lower-secondary school 
biology teachers can be verified.

Analysis of the Correlation between Four Elements on the Concept Teaching of Biology Teachers in Lower-secondary 
Schools and Students’ Academic Achievement

First, the developed questionnaire of teachers’ concept teaching knowledge was used to assess the concept 
teaching knowledge of lower-middle school biology teachers. Then, the correlation between teachers’ score of 
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the four elements of concept teaching knowledge and the students’ academic achievement was analysed using 
SPSS Version 18. The four elements were highly positively correlated with students’ academic achievement (p < 
.01, p < .01, p < .01, and p < .05). The overall scores of the four elements on the teachers’ questionnaire (content 
knowledge) and the students’ academic achievement level also showed a high degree of positive correlation (p < 
.01). According to common sense, the impact of teachers’ knowledge on students’ academic achievement must 
be higher than that of students’ academic achievement on the teachers’ knowledge level. The results obtained us-
ing the students’ questionnaire revealed that the prominent three sources of students’ preconceptions were their 
reasoning and judgment, the teaching of lower-secondary school biology teachers, and lower-secondary school 
biology textbooks. Students’ reasoning and judgment only indicated that they had a low level of understanding 
regarding the relevant scientific conceptions, which resulted in wrong answers. Only the other two causes of er-
ror truly reflected the source of students’ preconceptions about scientific concepts. Hence, the four elements of 
teachers’ concept teaching knowledge greatly influenced students’ academic achievement and played a key role 
in concept teaching. The quantified results largely supported our initial assumptions about these elements of 
concept teaching knowledge, that was, the concept teaching knowledge of lower-middle school biology teachers 
must have four elements, namely CCK, SCK, KCS, and KCT.

Relevance Analysis of Four Elements of Junior Biology Teachers’ Concept Teaching Knowledge

The present research analysed the correlation between the adjacent elements of the first to the fourth elements 
of teachers’ concept teaching knowledge (CCK, SCK, KCS, and KCT) by using SPSS Version 18. A significant positive 
correlation was observed between the adjacent elements ((p < .01). Then, the causal relationship between adjacent 
two elements was analysed through regression. Significant causal relationships were observed between the first 
and second factors (p < .05), second and third factors (p < .01), and third and fourth factors (p < .01). Therefore, 
this research suggested that these causal relationships may be a type of recursive logical relationship. The results 
showed that biology teachers’ concept teaching knowledge needs four elements: CCK, SCK, KCS, and KCT. Quan-
titative results demonstrated that these four elements are likely to share a type of recursive logical relationship.

Influencing Factors about Lower-middle School Biology Teachers’ Concept Teaching Knowledge

This research collected data on teachers’ academic qualifications, majors, genders, teacher qualification levels, 
number of courses about teaching, and the level of their schools, which may affect the level of teachers’ concept 
teaching knowledge. However, except for the level of their schools, other variables were similar. On considering 
the school level as a grouping variable and teachers’ concept teaching knowledge scores and total scores as 
dependent variables, no significant difference was found in the dependent variables among different groups, 
that was, no significant difference was observed between the scores for the various elements and total scores for 
teacher’s concept teaching knowledge among different levels of schools. The schools were grouped as follows: 
1) the first-level middle schools in a city: WSS middle school, YLS middle school, CYSY middle school (3 schools); 
2) Key middle schools in a city: WSE middle school, SSW middle school (2 schools); 3) Ordinary middle schools in 
a city: QSE middle school, SSS middle school, SB middle school, LSB middle school, BSE middle school, and SW 
middle school (6 schools).

Analysis of the Status Quo of Biology Teachers’ CCK Level in Lower-middle Schools

Table 1 presents the basic statistical description of the CCK level of biology teachers in lower-secondary schools. 
In the first part of the questionnaire, 13 questions were set with 2 points for each question. The preconceptions of 
biology teachers regarding the subject of photosynthesis and respiration were explored, and the level of knowledge 
about common concept teaching (CCK) under this theme was also identified. The summarized statistics from the 
CCK-related questions for teachers are presented in Table 1 and Figure 3.
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Table 1
Teacher CCK Level Basic Description Table

Scores N M SD Min  Max

Item1 30 1.73 0.69 0.00 2.00

Item2 30 1.40 0.93 0.00 2.00

Item3 30 1.67 0.76 0.00 2.00

Item4 30 1.67 0.76 0.00 2.00

Item5 30 1.87 0.51 0.00 2.00

Item6 30 1.87 0.51 0.00 2.00

Item7 30 1.60 0.81 0.00 2.00

Item8 30 1.80 0.61 0.00 2.00

Item9 30 1.60 0.81 0.00 2.00

Item10 30 1.80 0.61 0.00 2.00

Iem11 30 1.60 0.81 0.00 2.00

Item12 30 1.60 0.81 0.00 2.00

Item13 30 1.80 0.61 0.00 2.00

CCK total score 30 22.00 5.40 0.00 26.00

Note. M = Mean; SD = Standard Deviation

Figure 3
Teacher’s CCK Score Distribution

As shown in the aforementioned table and figure, of the 30 teachers, 13 teachers obtain a full score of 26, 
whereas 17 teachers do not obtain a full score. While answering CCK-related questions, 56.7% (17/30) teachers 
exhibited different levels of misunderstandings. Of the 30 teachers, 20 teachers scored 20–24 points and 24–26 
points. There were a certain number of teachers in other fractional segments. The teacher’s average score was 22 
(a full score of 26, 22/26 = 0.85). The standard deviation was 5.41, which was relatively high. Conclusively, the CCK 
level of most lower-secondary school biology teachers was relatively high; their CCK scores were generally higher 
than 20. However, some teachers were found to hold varying degrees of preconceptions. In addition, there were 
mistakes in each question. Only 43.3% of teachers achieved a full CCK score of 26.
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Status Quo of Biology Teachers’ SCK Level in Lower-middle Schools

In the second part of the teacher’s questionnaire, 6 questions were set with 3 points per question. These ques-
tions were used to explore the special concept teaching knowledge of lower-secondary school biology teachers. 
The special concept teaching knowledge reflects the teachers’ understanding about the definition, terminology, and 
characteristics of preconceptions, as well as the negative effects of preconceptions on teaching. It also reflects the 
attitude of teacher’s concept teaching. Because this knowledge element is unique to teacher’s concept teaching, 
people with relevant scientific literacy do not have to master this knowledge, and therefore, this element is called 
SCK. The summarized statistics from the SCK related questions for teachers are presented in Table 2 and Figure 4.

Table 2
Teachers’ SCK Level Description

Scores N M SD Min Max

Item1 30 2.67 0.55 1.00 3.00

Item2 30 1.50 1.53 0.00 3.00

Item3 30 1.53 1.01 0.00 3.00

Item4 30 1.50 0.98 0.00 3.00

Item5 30 1.67 1.03 0.00 3.00

Item6 30 2.17 1.29 0.00 3.00

SCK total score 30 11.00 3.26 1.00 17.00

Figure 4
Teacher’s SCK Score Distribution

As shown in the aforementioned table and figure, none of the 30 teachers obtain a full score of 18. Of the 30 
teachers, 11 teachers score 10–12 points, and the remaining teachers score different points. The average teachers’ 
score was 11 points (a full score of 18, 11/18 = 0.61), and the standard deviation was 3.26. The results indicated that 
the level of special concept knowledge of biology teachers in lower-secondary schools has reached the passing 
level, and the SCK level in lower-middle school biology teachers was uneven.

From the answers to each item, 30 teachers fully or partially recognized the existence of students’ precon-
ception. Among them, 50% of the teachers could correctly cite examples of students’ preconception and tended 
to use the term “preconception”. All 30 teachers had varying degrees of understanding of the characteristics of 
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preconception, and 83% of the teachers thought that preconception had an impact on students’ learning of sci-
entific concepts. In terms of preconception coping, 50% of teachers said they had paid attention to the impact of 
students’ preconception on teaching, but they were unable to deal with it.

Analysis of the Status Quo of Biology Teachers’ KCS Level in Lower-middle Schools

The third content examined belonged to the teacher’s KCS. Regarding the analysis of KCS, the teachers’ ques-
tionnaire had 5 questions that was used to examine teachers’ knowledge of concepts and students. Some questions 
were asked to the teachers to predict the error rate of students’ answers to a question, while other questions were 
related to the common preconceptions about a question, scientific conceptions related to the preconceptions 
about the question, probing methods that teachers tended to use for specific preconceptions, and teachers’ un-
derstanding of the source of specific preconceptions. The summarized statistics from the KCS related questions 
for teachers are presented in Table 3 and Figure 5.

Table 3
Teacher’s KCS Basic Description

Scores N M SD Min Max

Item1 30 0.93 0.79 0.00 3.00

Item2 30 1.07 1.34 0.00 3.00

Item3 30 1.67 0.89 0.00 3.00

Item4 30 1.73 1.11 0.00 3.00

KCS total score 30 5.40 3.06 0.00 10.00

Figure 5
Teacher’s KCS Score Distribution

As shown in the aforementioned table and figure, none of the teachers achieved a full score of 15. Of the 30 
teachers, 9 teachers scored 2–9 points, and a certain number of teachers scored at all other points. The average 
score was 5.4 (3 × 5 = 15, 5.4/15 = 0.36), and the standard deviation was 3.03. From the results, it can be concluded 
that the KCS level is uneven among biology teachers in lower-secondary schools. Moreover, the difference be-
tween high and low scores was quite large, and the KCS level of biology teachers in lower-secondary schools was 
generally not high.

From the answers to each item, for specific teaching content, only 30% of teachers could correctly evaluate the 
students’ error rate, while the remaining 70% of teachers overestimated the students’ learning level. Only 13% of 
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the teachers were able to answer the preconceptions easily generated by students; 50% of teachers could provide 
correct or near correct explanations to the possible scientific reasons behind students’ preconceptions. For the 
possible sources of students’ preconceptions, 70% of teachers believed that they came from daily life experience, 
followed by social media misleading, weak grasp of basic concepts, inaccurate understanding of teaching materials, 
and teachers’ misleading behaviour. The teachers considered the most used preconception diagnosis methods to 
be discussion and interview, followed by concept mapping, mapping, and questioning.

Analysis of the Status Quo of Biology Teachers’ KCT Level in Lower-middle Schools

In the last part of the teacher’s questionnaire, 1 question was used to examine teachers’ tendency to use 
conceptual change strategies for specific preconceptions, which aimed to determine KCT (the fourth element of 
concept teaching knowledge, i.e., concept teaching knowledge about concepts and teaching methods). The sum-
marized statistics from the KCT-related questions for teachers are presented in Table 4 and Figure 6.

Table 4
Teacher’s KCT Basic Description

Contents N M SD Min Max

Item1 30 1.9 1.05 0.0 3.0

Figure 6
Teacher’s KCT Score Distribution

As shown in the aforementioned tables and figure, 28 of the 30 teachers scored 1–3 points, and a certain 
number of teachers scored at all other points. The standard deviation was 1.048. These results showed that 50% 
of teachers could name three conceptual change strategies. However, the difference between high and low was 
extremely large, which may be due to a very small number of questions in the questionnaire used.

According to specific answers, the conceptual change strategies commonly used by teachers in decreasing 
order of frequency were: intuitive teaching method, inquiry experiment method, cooperative learning method, 
comparative teaching method, for example teaching method, concept map method, and history of science method.

Discussion

In this study, the developed teacher questionnaire was used to measure the concept teaching knowledge 
of lower-secondary school biology teachers, and the CCK, SCK, KCS and KCT scores were determined. The two-
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tier test questionnaire was used to measure the learning achievements of students in the corresponding classes 
taught by teachers; SPSS (Version 18) was used to analyse the correlation between teachers’ CCK, SCK, KCS, KCT 
scores and students’ learning achievements. The results indicate a significant positive correlation between the 
assessed variables. This finding is consistent with the research conclusions of scholars such as Brian Rowan, 
Robert J. Miller and Fang Shen Chiang (1997). According to the research conclusions of various scholars (e.g., 
Boardman et al., 1977; Harbison & Hanushek, 1992): “the impact of teachers’ CK and teachers’ teaching behaviour 
on students’ learning effectiveness is positive.” On the basis of the significant correlation between teachers’ CCK, 
SCK, KCS, KCT scores and students’ learning achievements, the present study suggests that a causal relation-
ship exists between teachers’ concept teaching knowledge and students’ learning effectiveness, which is in line 
with common sense and previous research conclusions. Regarding the relationship among CCK, SCK, KCS and 
KCT, this study adopted the quantitative analysis method. By using SPSS (Version 18), the correlation between 
the four elements was analysed, and then, the causal relationship between adjacent elements was analysed. 
Therefore, this study suggests that the four elements comply with the initial relationship hypothesis, implying 
a recursive logical relationship (Li & Liu, 2019). 

Accordingly, this study analyses the factors that may affect teachers’ conceptual teaching knowledge ac-
cording to the collected data and existing studies. The results show that the length of teaching experience or 
teaching experience of teachers and the level of teachers’ schools have no significant impact on teachers’ con-
ceptual teaching knowledge. It can be seen that teaching experience cannot represent the amount of teachers’ 
knowledge and skills. Furthermore, the level of school has no significant impact on teachers’ concept teaching 
knowledge, probably because of the limited number of teachers or the slight difference in teachers’ concept 
teaching knowledge at this stage, resulting in no great difference in the overall level. The later speculation is 
also in line with the existing research views (Knuth, 2005).

The present research discusses the current situation of concept teaching knowledge of biology teachers in 
lower-secondary schools. The first and foremost discussion concerns the common concept knowledge of biol-
ogy teachers in lower-secondary schools, which is the level of teachers’ preconceptions, as it reflects teachers’ 
understanding of scientific conceptions. Studies have shown that teachers’ preconceptions are a major source 
of students’ preconceptions because teachers themselves hold certain preconceptions (Li & Liu, 2010; Sanders, 
1993). These conclusions coincide with the results of this study.

As shown in Table 1 and Figure 3, 56.7% of the included teachers exhibited different levels of preconcep-
tion. Li Gaofeng asserted that every teacher may hold a certain degree of preconception, and some teachers 
may have a certain degree of misunderstanding of each scientific concept. The standard deviation of the total 
score was large (5.41), and the average score of the teachers was 22, accounting for 85% of the full score of this 
knowledge element. Although the level of teachers’ understanding about scientific conceptions was relatively 
high, considering the particularity of teachers’ profession, it is essential to conduct research on teachers’ pre-
conceptions. Because teachers’ preconceptions are likely to lead to students’ preconceptions. Liu and Li (2017) 
sampled and analysed the preconceptions of nearly 1500 lower-middle school students and their 30 biology 
teachers in China. The authors found a significant positive correlation between the preconceptions of the teach-
ers and students in the distribution trend. Simmie and Burgoon (2015) found a high level of preconceptions of 
pre-service teachers and an obvious connection between the preconceptions commonly held by pre-service 
teachers and students. Therefore, the level of teachers’ mastery on scientific conceptions is especially important 
for students to acquire scientific conceptions. A qualified biology teacher should first have a solid knowledge 
base of the subject content, that is, they should have the ability to correctly understand and master the scientific 
concept, which is also the basic embodiment of the professionalism of teachers. Therefore, attention must be 
paid to the CCK of science teachers in teacher education. There may be three reasons for the imperfect teachers’ 
CCK level. First, people generally believe that students rather than teachers have preconception; hence, they 
don’t pay enough attention to teachers’ preconceptions; Second, teachers have high self-confidence in their 
professional level and insufficient accurate metacognitive on the mastery level of their own scientific concepts; 
Third, the concealment, obstinacy, and universality of preconceptions are not conducive to the transformation 
of teachers’ preconceptions.

Furthermore, the status quo of preconceptions of the lower-secondary school biology teachers was ana-
lysed in the present research. According to Table 2 and Figure 4, the lower-secondary school biology teacher’s 
SCK level reached the pass level on average and was uneven. 

As shown in the specific answer to this knowledge element, teachers are concerned about the existence of 
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preconceptions, while a half of the teachers are unable to give accurate examples, which shows that their under-
standing of preconceptions is not comprehensive. A half of the teachers prefer using the term ‘preconceptions’ 
instead of the terms such as misconceptions and different concepts. This may be because ‘preconceptions’ is a 
positive, good, suggestive, and more accurate term (Li, 2007). Teachers have noticed many characteristics of pre-
conceptions. When supplementing, most teachers fill in “immutability” and “inaccuracy”. It can be seen that teachers 
have a certain understanding of the essential characteristics of preconceptions. Most teachers agree that precon-
ceptions have an impact on concept teaching. As for teachers’ attitude toward students’ preconceptions, a half of 
the teachers said they were unable to cope, and the other half said they could use some diagnostic methods and 
then use teaching strategies to change students’ preconceptions. This finding is somewhat different from those of 
some studies (Li, 2007; Li, 2015). The scholars found that the teachers’ metacognitive level of their preconceptions 
was low, and nearly 60% of teachers did not know much about the essence of preconceptions. On the one hand, 
it may be closely related to the increasing training of teachers’ conceptual teaching in China’s education reform in 
the past 14 years. Presently, teaching of scientific conceptions has attracted much attention; Teachers’ understand-
ing of the connotation, extension, essence, and characteristics of preconceptions, and the formation of relevant 
constructivist teaching conceptions have made remarkable progress. This finding is consistent with those of the 
research of Juhaevah et al. (2020), implying that the introduction of metacognitive improvement courses of teachers’ 
preconceptions to the teachers’ professional training plan can help teachers better identify and deal with students’ 
preconceptions. On the other hand, for the other half of teachers who are unable to provide accurate examples 
and deal with students’ preconceptions, in addition to the iterative renewal factors for teachers’ own knowledge, 
teacher education institutions and academic communities need to further investigate the reasons and formulate 
corresponding plans to promote overall improvement of the teachers’ concept teaching level.

The lower-secondary school biology teachers’ knowledge about the level of students’ preconceptions was 
also analysed in the present research. Five questions were used to examine the KCS of the lower-secondary school 
biology teachers. As shown in Table 3 and Figure 5, the concept level of biology teachers in lower-secondary schools 
and the level of their students’ perceptions were uneven. 

The difference between high and low scores was extremely large, and the lower-secondary school biology 
teacher’s KCS level was generally not high. From the specific answer to this knowledge element, most teachers 
overestimated students’ mastery of scientific concepts and mistakenly believed that students have correctly mas-
tered relevant scientific concepts when they had not. Many teachers did not have a clear understanding of the 
common preconceptions of students. The common methods used by teachers to probe students’ preconceptions 
were discussion and interview; For students’ preconceptions, teachers were more likely to blame them on their 
daily life experience, but the main sources of students’ feedback on their preconceptions were their own reasoning 
and judgment, teachers, and teaching materials. Therefore, teachers were unaware of their negative impact on 
students’ learning scientific concepts or lacked metacognition on their mastery of scientific concepts. The results 
of this study are in line with the research conclusions of some scholars (Iordanou, 2003; Kruger et al., 1990; Yip, 
1998). In addition, although the questions about preconception diagnosis methods were designated as multiple 
choices, many teachers often made a single choice. The same was true for the item about the source of students’ 
preconception. This finding showed that teachers either did not carefully examine the questions or did not have 
a deep understanding of concept teaching knowledge and that the understanding of probing methods was not 
comprehensive enough (Diakidoy & Iordanou, 2003; Kruger et al., 1990; Yip, 1998).

Finally, the present research analysed the results of lower-secondary school biology teachers’ knowledge about 
preconception change strategies. Table 4 and Figure 6 show that the lower-secondary school biology teachers’ 
knowledge about concepts and teaching was uneven, and the difference between high and low scores was large. 

This may be due to the small number of questions in this questionnaire. At the same time, this result was similar 
to the statistical results of KCS. It was speculated that it was probably related to the recursive logical relationship 
between the two knowledge elements. Teachers preferred using teaching strategies such as intuitive teaching, co-
operative learning, and inquiry experiment to help students learn scientific concepts correctly. There are two reasons 
to explain this result. First, the teachers confirmed that these three teaching strategies were extremely effective in 
dealing with students’ preconceptions. Second, the teachers did not know and use other teaching strategies very 
well. In addition, as in the answer to KCS elements, although multiple choices had been indicated in the process 
of answering this question, teachers often chose only one item. Thus, it is reasonable to believe that teachers did 
not know enough about concept teaching related knowledge from another perspective, especially the concept 
change strategy. We aim to address this issue in the future qualitative research. Findings of this study are in line with 
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the existing research conclusions and preferred the latter explanation, that is, the teachers were not very familiar 
with other less commonly used teaching strategies (Knuth et al., 2005; Morrison & Lederman, 2003; Meyer, 2004).

Conclusions and Implications 

Over the past three decades, several studies on students’ preconceptions have been conducted with the 
roaring slogan ‘teaching for conceptual change’. However, there is a narrative in the NSES that ‘In teacher profes-
sional development training, teachers’ preconceptions are supposed to draw considerable public attention, similar 
to students’ preconceptions, and attention should be paid to their original knowledge and teaching experience’. 
Some scholars believe that the main factors affecting the concept change strategy are the content knowledge 
of teachers and their understanding of the preconceptions. Therefore, the status quo of teachers’ concept teach-
ing knowledge has become the prime focus of concept teaching. The research results indicate that the concept 
teaching knowledge of biology teachers in lower-secondary schools requires four elements: CCK, SCK, KCS, and 
KCT. Regarding the concept teaching knowledge level, in addition to the third knowledge element (KCS), all other 
elements (CCK, SCK, and KCT) reached the passing level for the sample of lower-secondary school biology teachers. 
In terms of the level, the teachers exhibited a relatively high CCK but had not attained the full score, and room for 
improvement was observed for the other three concepts (SCK, KCS, and KCT). No significant difference in the level 
of teachers’ concept teaching knowledge was observed among the different types of sampled schools. Therefore, 
the following three suggestions are proposed for design of the teacher professional development training course.

Focus on Science Teachers’ Preconceptions

Studies have shown that both pre-service and on-the-job professional science teachers have different degrees 
of misunderstanding regarding scientific conceptions, which needs to be focused on during teacher professional 
development training. Training institutions in different disciplines should come together to establish a curriculum 
dedicated to the study of teachers’ preconceptions. Even if the content varies, the basic framework can be achieved 
by the scientific community.

Efforts to Develop Diagnostic Methods to Probe Science Teachers’ Preconceptions

For the diagnosis of preconceptions, various tools have been used to explore students’ preconceptions, but 
only a few tools have been applied to explore teachers’ preconceptions. The degree of teachers’ preconceptions 
and students’ preconceptions is similar. Therefore, the tools for diagnosing students’ preconceptions in different 
disciplines should be adopted to develop diagnostic tools for teachers’ preconceptions.

Attempts to Tap an Effective and Targeted Science Teacher Conceptual Change Strategy

The related research on conceptual change strategy and conceptual change teaching has been conducted 
for almost 40 years, but a certain gap still exists between the conclusion of academic research and the applica-
tion of practical teaching. Extensive research has been conducted regarding the conceptual change strategy, for 
example, on topics such as bridging, concept change model, concept map, and other strategies. However, specific 
issues such as the classification and analysis of preconception types and the targeted application of corresponding 
change strategies warrant further research. While promoting and popularizing the change strategy and upgrading 
the protagonist of the application, breakthroughs in teacher professional development training require attention 
and focus.

Future Recommendations

The Necessity of Enriching Teachers’ Concept Teaching Knowledge

The research breakthrough lies in the division of teachers’ concept teaching knowledge and the identification 
of its influencing factors. However, prior to the initiation of research, the enrichment of various knowledge ele-
ments and the exploration of other knowledge elements also depended on the continuation of related research.
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The Need for an Increase in the Sample Size of Teachers

Increasing the sample size of teachers is conducive to a more comprehensive examination of teachers’ con-
cept teaching knowledge, such as identification of possible influencing factors. The research results showed no 
significant difference in the teachers’ concept teaching level across schools at different levels. Regarding students’ 
academic achievement, the results indicated that higher the standard of the school, better is the student’s academic 
achievement. Differences in the level of preconceptions of students from schools at different levels or an insuf-
ficient sample size of teachers may have made the difference not so obvious. The factors that may affect teacher’s 
concept teaching knowledge remain to be further verified through subsequent research involving a larger sample 
size and the student sample pre-test.

Re-establishment of the Research Questionnaire

From 2011 to 2022, teachers have been developing concept teaching from the point it was unknown, and 
they have come a long way in terms of understanding and applying the concept. Although a large amount of 
research results has emerged, research questionnaires remain to be updated and reconstructed. Combining the 
content of the subject, exploring the teacher’s concept teaching knowledge behind the content in depth, and 
updating the status quo of teacher’s concept teaching are all necessary. Government, academia, training units, 
and teacher training departments first need to pay attention to the level of teacher’s concept knowledge, that is, 
the level of mastery of scientific conceptions among teachers. The acquisition of scientific conceptions depends 
on the construction and application of scientific methods, and it finally constitutes a scientific way of thinking to 
achieve the cultivation and realization of biological literacy.
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