Chapter 2

Science Education Research
in Mainland China

Lei Wang, Yujun Zhu, Yanxia Jiang, Rui Wei, Yao Zhou,
Yuying Guo, Xin Wei, Wenyuan Yang and Enshan Liu

Abstract Since the eighth curriculum reform of basic education started in 2001 in
Mainland China, many changes and innovations have occurred in science education
practice and research. This chapter presented the status of science education
research (SER) in Mainland China. In order to provide an overview of SER, four
Chinese core journals that focused on physics education, chemistry education,
biology education, and geography education, respectively, were selected to review
and analysis the papers in 2011 and 2012; the results showed the affiliation of
researchers and research topics. Moreover, this chapter introduces SER in Mainland
China from research fields such as curriculum and textbook, science teaching,
science learning, teachers’ professional development, scientific inquiry, and learn-
ing progressions and students’ domain-specific cognitive development. In the
research fields, the representative studies in physics, chemistry, and biology edu-
cation were reviewed, because the SER in Mainland China is closely integrated
with separate science subjects.

2.1 Introduction

In 2001, the eighth curriculum reform of basic education commenced in Mainland
China, and the Ministry of Education of the People’s Republic of China issued an
educational document entitled Guideline of Curriculum Reform for Basic Education
(trial). After that, a series of curriculum standards and policy documents which were
published included integrated science curriculum standards for primary and middle
schools, individual subject (physics, chemistry, biology, and geography) curriculum
standards for middle and high schools, Outline of the National Action Scheme of
Scientific Literacy for All Chinese Citizens (2006-2010-2020), The National Mid-
and Long-term Education Reform and Development Framework (2010-2020), and
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so on. The main goals of the reform were to improve Chinese citizens’ scientific
literacy, build up human resources, enhance the country’s capacity for independent
innovation, and realize the great rejuvenation of the Chinese nation; the reform
opened a new chapter of science education in Mainland China. Over the past
10 years, science education researchers in Mainland China have had fruitful
achievements, paid much attention to the trend of the development of international
science education, and actively participated in the conferences of international sci-
ence education.

Science education of Mainland China has provided a large number of science
and engineering talents for the development of China and the world. In 2011, the
number of papers in the SCI database, written by researchers from Mainland China,
has been ranked second in the world, next only to the USA (Research Group of
China scientific and Technical Papers Statistics and Analysis 2013). In PISA 2009
and PISA 2012, students from Shanghai won the first place twice. As such, the
world has been paying more attention to Chinese science education and many
studies on science education by scholars from Mainland China (Wang et al. 2012d;
Sun et al. 2014; Zheng et al. 2014) have been published in mainstream international
journals of science education.

Currently, all of the core science education academic journals in Mainland China
are single-subject journals. Consequently, the studies on science education are
mainly published in journals aimed at physics education, chemistry education,
biology education, or geography education, respectively. In order to provide an
overview of SER in Mainland China, the study reported in this chapter selected four
Chinese core journals, namely Physics Teacher (PT), Chinese Journal of Chemical
Education (CJCE), Bulletin of Biology (BB), and Teaching Reference of Middle
School Geography (TRMSG), based on The Guide to Chinese Core Journals,
consulted the experts in physics, chemistry, biology, and geography education, and
reviewed the papers in selected journals in 2011 and 2012 by statistical analyses
and content analyses.

The data of the selected journal papers were from the Chinese Journal Full-text
Database. It included the title, author, organization of the author, publication name,
key words, abstract, and the year published. Non-research papers, such as confer-
ence notices, test questions of contest, journal bulletin, and news of science and
technology, were excluded. Table 2.1 presents the number of papers published
in the selected journals, indicating that about 40 physics education papers,
29 chemistry education papers, 23 biology education papers, and 26 geography
education papers were published per month from 2011 to 2012.

Table 2.1 Number of papers  joymq] Amount of papers

o ﬁeasneée;g’flzjoumals in 2011 2012 Total
PT (monthly) 490 460 950
CIJCE (monthly) 359 338 697
BB (monthly) 288 263 551
TRMSG (monthly) 311 318 629
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Table 2.2 Papers by different organizations in the selected journals in 2011 and 2012

Journal | Papers from different organizations
University/college | Secondary Teaching research University/college and
n (%) school n (%) office n (%) secondary school n (%)
PT 128 (13.5) 689 (72.5) 47 (4.9) 44 (4.6)
CICE 319 (45.8) 329 (47.2) 46 (6.6) 82 (11.8)
BB 262 (47.5) 241 (43.8) 33 (6.0) 65 (11.8)
TRMSG | 130 (20.7) 436 (69.3) 63 (10.0) 40 (6.4)

The authors of the papers published in the selected journals in 2011 and 2012 were
mainly from universities or colleges, secondary schools, and teaching research offices
which are set in provincial and municipal Commissions of Education. Table 2.2
presents papers according to the authors’ organizations, showing the number and
percentage of papers whose authors’ organizations were university/college, sec-
ondary school, teaching research office, or both university/college and secondary
school. The table indicates that the number of papers from universities/colleges and
secondary schools is almost equivalent in chemistry education and biology education;
papers from secondary school far outnumber papers from universities/colleges in
physics education and geography education; papers from teaching research offices are
relatively few; cooperation between university/college and secondary school in SER
should be strengthened.

The research topics are divided into eight categories based on content analyses
of the 2011 and 2012 papers in the selected journals. The number and percentage of
papers in each category is shown in Table 2.3: (1) Instruction includes instructional
design, instructional theories, instructional mode, classroom instructional record,
and instructional reflection; (2) Subject Knowledge includes subject frontier
knowledge, special topic knowledge, subject knowledge in context; (3) Test
Questions includes development, adaption, analysis, and question solutions of
college entrance examinations, senior high school entrance examinations, and
contest examinations and exercises; (4) Experiment teaching includes experiment
improvement, experiment design, experiment teaching theories; (5) Curriculum and

Table 2.3 Research topics of papers in the selected journals in 2011 and 2012

Research topics Journals Rank
PTn (%) |CICEn (%) |BBn (%) | TRMSG n (%)
Instruction 366 (38.5) | 223 (32.0) 187 (33.9) |256 (40.1) 1
Subject knowledge 71 (7.5) 85 (12.2) 179 (32.5) | 158 (25.1) 2
Test questions 296 (31.2) |24 (3.4) 27 (4.9) 126 (20.0) 3
Experiment teaching 164 (17.3) | 166 (23.8) 127 (23.0) |9 (1.4) 4
Curriculum and teaching materials | 21 (2.2) 61 (8.8) 11, (2.0) 34 (5.4) 5
Teacher education 16 (1.7) 52 (7.5) 4 (0.73) 32 (5.1) 6
Learning 12 (1.3) 62 (8.9) 2 (0.36) 4 (0.6) 7
Accomplishment evaluation 3 (0.32) 19 2.7) 4 (0.73) 6 (0.95) 8
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Teaching Materials includes curricula at home and abroad, curriculum resources,
curriculum standards or programs, school-based courses, textbooks, and teaching
materials; (6) Teacher Education includes professional development, training, and
pedagogical content knowledge of preservice and in-service teachers; (7) Learning
includes learning process, learning psychology, misconceptions or alternative
conceptions, and learning ability of students; and (8) Accomplishment Evaluation
includes development and application of evaluation scale and evaluation methods,
and evaluation of students’ accomplishment. Table 2.3 presents the number and
percentage of papers published in the selected journals of 2011 and 2012 concerned
in terms of the eight research topics, indicating that SER in Mainland China paid
most attention to Instruction, followed by Subject Knowledge, Test Questions,
Experiment Teaching, Curriculum And Teaching Materials, Teacher Education,
Learning, and Accomplishment Evaluation.

In the following sections, SER in Mainland China is introduced in detail in six
aspects—curriculum and textbook, teaching, learning, teachers’ professional
development, scientific inquiry, and learning progression and students’ domain-
specific cognitive development—with representative studies in physics (chemistry
or biology) education, based on the review of literatures which are not limited to the
journals mentioned above.

2.2 Curriculum and Textbook

Because of the eighth curriculum reform in basic education, curriculum and text-
book became one of the hottest study fields in science education in Mainland China.
The research topics included curriculum standard, curriculum philosophies and
beliefs, analysis and comparison of textbooks, use of textbooks, evaluation of
textbooks, and so on.

There were mainly two types of research on curriculum standards of science
education: analytical and comparative, in which the main method was text analysis.
The analytical studies aimed to give annotations for the contents in the curriculum
standards of Mainland China and to provide references from other countries and
regions to the curriculum reform in Mainland China. For example, Wang (2012b)
elaborated overall exposition and concrete analysis of the basic thoughts and
practical basis on the newly revised Chemistry Curriculum Standard of Compulsory
Education which was issued by the Ministry of Education of the People’s Republic
of China in 2011. Curriculum standards from the following countries and regions
were also analyzed: the USA, Malaysia, France, Australia, Canada, Britain, New
Zealand, Singapore, Japan, Russia, Hong Kong, Macao, Taiwan, and so on.

The comparative studies on curriculum standards included the contrast between
the 2011 version and the 2001 version of Curriculum Standards of Compulsory
Education. For example, the characteristics of the new curriculum standards and
inspirations for chemistry teaching in high schools were drawn (Wang and Wang
2012). Some researchers carried out a comparative study of Mainland China’s and
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other countries’/regions’ curriculum standards. This research selected nine high
school chemistry curriculum standards from America, Canada, France, Finland,
Japan, Britain, Korea, Australia, and Taiwan and compared them with Mainland
China’s high school chemistry curriculum standards. The following six key terms
were extracted from the comparison: curriculum structure, learning progressions of
chemical key concepts, breadth and depth of chemistry knowledge, capacity
requirements, performance standards, and curriculum evaluation. And the research
summarized the common and forward-looking characteristics of the international
curriculum standards. Feasible suggestions to problems on issues such as the
selectivity of the school chemistry curriculum, the organization of the curriculum
content and the selection of specific content, and the set of learning levels in
Chinese chemistry curriculum were given (Wang et al. 2013a).

Based on literature analysis, international science curriculum comparison, and
the tradition of local K-12 biology education, the committee of biology curriculum
teaching standards summarized the philosophies and beliefs for middle school
biology curriculum: (1) biology for all students, (2) promoting biology literacy of
students, and (3) to advocate inquiry-based and active learning in the classroom
(Liu and Wang 2012). Apart from the three beliefs outlined above, there is an
additional one for high school biology curriculum—Ilearning biology in real-life
context. All of these beliefs are the guiding principles for selecting curriculum
content and developing biology learning activities.

In the studies on analysis and comparison of textbooks, researchers commonly
focused on the construction of textbooks, the difficulty and coverage of textbooks,
and some specific topics (e.g., experiments, theories of sciences, history of sciences,
key concepts, exercises), and important ideas in science education, such as scientific
literacy, STS (Science, Technology and Society), and scientific inquiry. For
example, there was the overall analysis of the current high school chemistry text-
books, based on the viewpoint of cultivating students’ scientific literacy (Hu and
Wang 2009; Zhi and Wang 2009; Wang et al. 2010a). These studies described
unique connotations and values of the textbooks in developing the students’ sci-
entific literacy and analyzed systematically the organization of the curriculum
content, selection of the specific content, column setting, and teaching function. The
analysis and comparison of textbooks from the following countries and regions
were also conducted: the USA, Malaysia, France, Australia, Canada, Britain, New
Zealand, Singapore, Japan, Russia, Hong Kong, Macao, Taiwan, and so on. For
example, the analysis of the core concepts, topic contents, and charts in the text-
book Chemistry: Concepts and Applications from the USA and its comparison with
other textbooks from other countries/regions were studied. It was also compared
with three versions of high school textbooks in Mainland China, which were
published by People’s Education Press, Shandong Science and Technology Press,
and Jiangsu Education Press (Huang and Wang 2010; Yang and Wang 2010; Jiang
and Li 2011). And there were also some studies on the textbook Advanced
Chemistry from the perspectives of basic concepts, basic theories, organization of
its contents, and layout characteristics (Xing et al. 2011).
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On how teachers/students use textbooks, Bi and Wan (2013a) made the inves-
tigations of middle school and high school chemistry teachers with the
Questionnaire on How Teachers Use Textbooks and the students with the
Questionnaire on How Students Use Textbooks. The questions in both question-
naires were corresponding, so as to evaluate the consistency between the teachers
and the students. At the same time, interviews and classroom observations were
used to supplement the information collected about the use of the textbooks. In
order to inquire about what kind of textbooks the schools need, the researchers used
the methods based on the Grounded Theory to analyze the collected information.
Then, a further study (Bi and Wan 2013b) found that teachers, textbooks, students,
curriculum resources, and the teaching management system were the five core
factors that influence how the chemistry teachers used textbooks.

There were some studies on the evaluation of textbooks. Yang and Hu (2011)
used the model of the Quantitative Analysis on the Curriculum Difficulty Degree to
analyze and evaluate the degree of difficulty of textbooks. Ji and Bi (2010) used
fuzzy comprehensive evaluation method to evaluate the quality of chemistry text-
books. Yan and Li (2012) used evaluation systems based on nature of science
(NOS) which include “explicit naive, implicit naive, mixed, implicit informed, and
explicit informed levels” to analyze the presentation mode of NOS in the textbooks
published by Shandong Scientific and Technology Press, and found that textbooks
mainly reached the explicit level of the integration between the scientific content
and NOS. The difficulty of some physics content knowledge in textbooks was
analyzed, such as relativity theory (Yin et al. 2010) and quantum theory (Zhong and
Guo 2010). Niu and Li (2013) evaluated the consistency of the coverage, difficulty,
and distribution of content knowledge in different curriculum standards and text-
books of physics. Lu and Liu (2012a) explored the consistency between the
standards-based high school biology textbooks and high school biology curriculum
standards with Porter’s alignment model. Yu and Zheng (2013) analyzed the
structure of high school biology textbooks published by People’s Education Press
with interpretive structural model (ISM) and introduced a practical method for
analyzing the logical structure of a textbook.

2.3 Teaching

Research on science teaching in Mainland China mainly included topics such as
basic science ideas, NOS, history and philosophy of science, inquiry-based
teaching, classroom teaching behavior, evaluation of teaching, experiment teaching,
and various teaching strategies/models.

Bi and Lu (2011) thought that the basic chemical ideas (BCI) refer to the students’
whole view of chemistry based on the deep understanding of the characteristics of
chemistry, the BCI mainly include the ideas of chemical elements, particles, chemical
change, chemistry experiment, classification and the values of chemistry, and so on,
and BCI teaching can transform students’ learning style, promote the level of
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understanding and application of chemical knowledge, and improve students’ sci-
entific literacy ultimately. Liang (201 1a) thought that matter and its transformation are
the basic questions of chemistry; therefore, the views on elements, energy, and NOS
are the core chemical ideas. The effective teaching strategies of BCI included the
following: teaching specific knowledge under the leadership of BCI; highlighting the
thinking style of chemistry; mining the connotations of chemical knowledge;
designing thought-provoking questions; and guiding students to explore, experience,
and rethink (Bi and Cui 2011). Wang et al. (2008) constructed an instructional design
model based on BCI and expounded how to conduct the instructional design based on
BCI by using the case of “ionization balance.”

The NOS-related studies included theoretical analysis and empirical investiga-
tion. For example, Zhou and Zheng (2010) discussed the basic situation of NOS
education in Mainland China. Meng and Li (2011) explored the relationship
between NOS and history of science (HOS) by taking the theory of ionization as an
example and summarized the elements and principles of teaching with the use of
chemistry history. The empirical investigations proved that the history and phi-
losophy of science (HPS)-based teaching mode had an obvious influence in pro-
moting the high school students’ understanding of NOS (Yang et al. 2012). Yan
(2009) used open-ended questionnaires, semi-structured interviews and group
interviews, and structured text analysis to analyze the understanding levels and
characteristics of high school students’ views of NOS, and found both grade and
gender had significant main effect on understanding NOS.

Inquiry-based teaching is advocated by the eighth curriculum reform in basic
education in Mainland China, to change the traditional teacher-centered and
lecture-based teaching approaches. As inquiry-based teaching/learning was new
and challenging for most science teachers, it aroused researchers to study both
theory and practice. For example, only in biology education, there were over 25,000
papers published between 2010 and 2013 when searching the key words “biology”
and “inquiry” on the China National Knowledge Infrastructure (CNKI) Web site—
the most influential Chinese academic database in Mainland China. All of these
papers showed the research findings and practical reflections on inquiry-based
teaching/learning of biology. Deng and Liu (2011) set up a school-based course
Refusing Alcohol in a middle school in Beijing. This course was adopted from
American BSCS supplementary courses and modified according to local situations.
The whole course emphasized inquiry and was designed in accordance with the SE
instruction model. This empirical study indicated that the SE model is an effective
way to implement inquiry-based teaching/learning and showed a good example of
applying the model. Fu and Liu (2013) developed a school-based course with
resources from the network platform Web-based Inquiry Science Environment
(WISE) established by the American organization Technology Enhanced Learning
in Science (TELS). The entire course was also designed based on the SE model and
implemented in two middle schools in Beijing. After comparing the pretest and
posttest scores of the experimental class, Fu and Liu found that students’ under-
standing of biology concepts and ability to solve problems had improved signifi-
cantly. Yang and Liu (2014) proposed a procedure of instructional design, Starting
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Your Lesson Planning from Key Concepts Focused Questions, based on previous
studies of inquiry-based learning, teaching for understanding, and “less but better.”
This procedure is a guide for teachers to design student-centered teaching activities
based on key concepts, so as to give students the opportunities of independent
thinking and help them to deeply understand concepts. Besides, argument-driven
inquiry (ADI) recently becomes an emerging topic in SER in Mainland China (He
and Liu 2012).

On classroom teaching behavior, since 2003, a research team led by Changlong
Zheng in Northeast Normal University has begun to study the classroom structure in
secondary chemistry lessons. Using classroom observation and textual analysis in
more than 900 chemistry lessons, they argued that “teaching behavior” and
“learning behavior” happened simultaneously in real lessons rather than being iso-
lated from each other, and they always came out as an Instruction Behavior Pairs
(IBP). Based on this standpoint, they proposed two key concepts: Instruction
Behavior Pairs (IBP) and Instruction Behavior Chain (IBC) (Lou and Zheng 2010b).
From a huge number of classroom observations and statistical analyses, they found
there were mainly five common models of the smallest IBCs in chemistry lessons.
According to the degree of students’ classroom participation, the five models were
defined as “Model of Teachers’ Direct Lecture” (MTDL), “Model of Teachers’
Self-Questioning (MTSQ),” “Model of Students’ Direct Response (MSDR),”
“Model of Students’ Discussions and Exchange (MSDE),” and “Model of Students’
Self-Directed Learning (MSSDL)” (Zheng 2013). Another notable classroom
teaching behavior on which research was based was about the characteristics which
can promote students’ chemical domain-specific cognitive and reasoning mode
development (Wang and Ren 2013). The research took into account the nature,
characteristics, and requirements of the teaching which promotes students’ cognitive
and reasoning mode development and the current studies on the classroom behavior
observations in national and international studies. It also proposed that classroom
teaching behaviors were divided into seven categories: asking questions by teachers,
making use of students’ answers, explaining by teachers, modeling, making stu-
dents’ thinking explicit, answering by students, and students’ activities and built a
chemistry classroom teaching behavior model of promoting the development of
students’ epistemic mode. In the study, two typical categories of lesson cases were
selected based, respectively, on “analyzing knowledge” and “promoting students’
chemical domain-specific cognitive and reasoning mode development.” Then, the
researchers coded the videos of the selected lessons in terms of the model of the
teaching which promotes students’ cognitive and reasoning mode development and
conducted quantitative analysis of the time and frequency of different teaching
behaviors. The research showed that the most important teaching behaviors in the
lessons in light of promoting students’ epistemic mode development were modeling
and making students’ thinking explicit.

With respect to evaluation of teaching, there were two types of research. The first
type was the construction of evaluation frameworks. Jiang (2013) developed an
evaluation framework for the validity of inquiry-based teaching, reviewed existing
study results, proposed the initial framework, then invited experts on physics
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education from faculties, teaching personnel from schools, senior in-service physics
teachers as consultants, and revised the initial framework to be a content
validity-based evaluation framework. At last, a survey was conducted on students
and teachers, and the internal reliability and content validity were tested and ana-
lyzed. In the second type of research, researchers proposed performance evaluation,
progression evaluation, formative evaluation, motivated evaluation, and multiple
approaches to conduct these evaluations. The implementation approaches included
guided worksheets, open-ended writing, progression files, concept maps, and so on.
Li (2012) explored the usage of performance evaluation through analyzing physics
teachers’ responses to a questionnaire, designed the procedures of performance
evaluation used in laboratory teaching, and took “how to measure velocity” section
as an example to demonstrate how the procedures were used in specific knowledge
teaching.

The studies on experiment teaching are an important part of SER in Mainland
China. The focus mainly included the following: the status of experiment teaching
in schools, experimental projects and contents, and the use of new experimental
technologies. For example, according to the articles published in CJCE from 2011
to 2012, the researchers investigated the present status of chemistry experiment
teaching in secondary schools (CETSS) in some particular provinces (e.g., Hubei,
Tianjin) and special areas (e.g., the Western rural areas, the earthquake areas) of
Mainland China with questionnaire survey and text analysis. Numerous studies
showed that the present situation of CETSS does not look good, and there are a lot
of problems. It is common that teachers “just explain experiments orally,” “just
draw experiments on the blackboard,” “just show experiments on the screen,” and
“just ask students to recite experiments,” without doing real experiment demon-
strations or letting students do experiments by themselves. Studies on the experi-
mental projects and contents are the largest part of experiment teaching study.
Many experiments set in textbooks were improved or redesigned by teachers to
match the needs of specific contents teaching, such as catalytic oxidation of
ammonia, verify the properties of the carbon dioxide, the reaction of sodium and
water, ethanol dehydration to ethylene, hydrogen combustion in chlorine gas, and
so on. This type of studies reflected the teaching creativity of teachers in CETSS.
On new experimental technologies used in experiments, some researchers applied
handheld technology to explore conductivity changes in aluminum hydroxide
preparation experiment (Li and Qian 2012), and some explored the acetic acid
ionization balance with handheld technology (Cui et al. 2011). Moreover, digital
information system combined with various sensors was used to present the results
of experiments with brief graphs, allow visualization of the process of chemical
change, and help students to understand related concepts and contents.

Various teaching models, methods, and strategies were developed because of the
eighth curriculum reform in basic education in Mainland China. For example, using
“physics and teaching model/method/strategy” as key words, academic publications
were searched in CSSCI, graduate students’ dissertation data base and Physics
Teacher Journal. The analysis on these publications showed that the number of
publications was continually increasing from 2001 to 2013. Dozens of publications
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on teaching models, methods, and strategies were found, such as the 5E model,
modeling instruction, interactive teaching, peers’ collaboration teaching, POE
(Prediction, Observation, Explanation) teaching strategy, cognitive conflict-based
teaching model, and scaffolding teaching model. These models/methods/strategies
were developed based on the following four foundations: specific content knowl-
edge, the orientations (e.g., problem solving, concept understanding, and experi-
mental training) of different lessons, epistemological ideas of teaching, and different
cognitive levels of students. Li and Wang (2013) used the 5E teaching model to
develop teaching activities for “lever” concept in Grade 9, and the teaching pro-
cedure included five stages: inspiring students’ interests, exploring, explaining,
transferring, and evaluation. Constructivism and inquiry-based teaching ideas were
employed mostly to develop teaching strategies/models.

2.4 Learning

This section focuses on science learning research in Mainland China, such as
alternative conceptions, conceptual change, and academic achievements.

Qian and Li (2011) found that high school students had alternative conceptions
in learning electrolyte solution which were attributed to: (1) students’ limitations of
thinking about quality; (2) interferences from related concepts; (3) influence of the
factors, such as students’ cognition, emotion, and motivation; and (4) the presen-
tation of teachers’ teaching and teaching materials. With the implications of the
study above, two strategies for conceptual change teaching were put forward: One
was to reinforce the practice and to increase students’ perceptual knowledge and
another was to encourage students to construct complete cognitive structure by
independent inquiry. Zhang and Wang (2012) conducted a study to investigate
middle school students’ conceptions of acids/bases in different grades in Beijing
and compared the results with those in Taiwan, so as to explore how curricula and
instruction affected the conceptual development of students. Eleven secondary
schools were selected in the study. The results indicated that students’ conceptions
of acids/bases in Beijing were different from those in Taiwan, and there were also
differences in different schools in Beijing under the influence of core concept
learning and the curricula. The conceptions and conceptual evolution were
explained in light of students’ epistemic development. Deng et al. (2011) found
middle school students’ different degrees of conceptual change when teachers used
POE (Prediction, Observation, and Explanation) strategy and PDEODE (Prediction,
Discussion, Explanation, Observation, Discussion, and Explanation) strategy in
teaching “solution,” compared the effects of the two strategies, and provided sug-
gestions for teaching of conceptual changes.
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Teaching beliefs, instructional materials, and teaching approaches have changed
greatly in the K-12 education reform in Mainland China, which triggers corre-
sponding reforms in the assessment of student learning achievements. So, many
questions about student assessment were raised and followed up by corresponding
studies, such as “whether the standardized test is aligned with national curriculum
standards,” “what the status of students’ conceptual understanding is,” and “how to
develop and implement diversified ways of assessment.” Lu and Liu (2012b)
conducted quantitative analysis of the alignments between the national high school
biology curriculum standards and the standards-based high school exit examination
(HSEE) of 2009 in four provinces with Porter’s alignment model. As a result, it was
found that none of the four HSEEs of 2009 were significantly aligned with the
national biology standards. The low alignment indexes are mainly because the four
HSEEs generally require lower levels of cognitive skills than that of the standards.
These results deserve universal attention of both policymakers and test developers
in Mainland China. Liu and Liu (2012) investigated Grades 10-11 students’
understanding of photosynthesis by designing and using a two-tier test fitting for
the Rasch Model. This study showed that it was easier for students to understand
factual knowledge than the conceptual knowledge. Ren and Li (2011) analyzed the
consistency of item difficulty with multidimensional analysis system (MAS) and
cognitive task analysis (CTA). The absolute difficulties of 30 typical test questions
of ion reaction were calculated with MAS and CTA, respectively. The relationships
between these two results were analyzed in detail in three aspects: the transfor-
mation dimensions, coding numbers, and MAS absolute difficulties. This study
suggested that the results of the two methods were of high coherence. Chi and
Wang (2010) studied the composition and characteristics of chemistry examination
papers of the college entrance examinations in Mainland China, discussed the
problems in compiling examination paper, and provided suggestions for reforming
chemistry examinations and chemistry teaching.

Students’ competence in disciplines (e.g., chemistry, physics, and biology) as a
core component of academic achievements has got attention of the researchers in
Mainland China. For example, Yang and Wang (2012) conducted a study on CDC,
which is defined as a kind of special ability “the competence that students acquired
in the learning activities of chemistry curriculum.” They thought the core compo-
nents of CDC as ‘“competence in representation of symbols,” “competence in
experiments,” “competence of model-based thinking,” and “competence of quan-
titative thinking.” This study analyzed the learning progressions of the CDC
components and defined the performance and content knowledge of different levels
of CDC. In light of the Rasch Model, this study designed a set of assessment
instruments which could be applied in testing students’ CDC on a large scale. And
the results showed that there were significant differences between grades, genders,
and schools in CDC.
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2.5 Teachers’ Professional Development

As the basic education reform is sweeping across Mainland China, teachers are
facing challenges of having to constantly enhance their professional literacy to do a
good job. Under these circumstances, the teachers’ professional development comes
into researchers’ sight.

Liang (2011b) analyzed the value of pedagogical content knowledge (PCK)
based on international studies. He thought that PCK has ideational and practical
characteristics, affects teachers’ teaching ideas and behaviors, and serves as a bridge
between the two.Then, he studied the structure and construction of chemistry
teachers’ PCK and pointed out that chemistry teachers” PCK included chemistry
knowledge based on teachers’ understanding of chemistry, knowledge about stu-
dents’ understanding of chemistry, knowledge about the chemistry course, teaching
strategies, and representation of specific chemistry themes. Zhang and Wang (2013)
analyzed the conception and structure of PCK based on previous international
studies of science teachers’ PCK. Furthermore, they discussed two factors—
teaching experiences and teacher training—that impacted on the development of
teachers” PCK and provided references for effective science teacher training.

Wang et al. (2012c) investigated chemistry teacher’s PCK based on specific
themes of chemistry knowledge with questionnaire and found that chemistry
teachers in high schools did not do well in understanding the new content of the
“chemical reaction principle,” whereas some older teachers did even worse and that
teachers with higher education background had better PCK. They suggested that the
teacher training agencies should pay more attention to explain the new knowledge
in the new chemistry curriculum to help teachers acquire it as soon as possible.

Hu and Wang (2010) conducted some intervention studies on chemistry teach-
ers’ PCK. They carried out remote training with training video and online dis-
cussion for teachers based on problems of teaching elements and compounds in
compulsory courses (ECCC). They also investigated teachers’ understanding of
content systems, teaching characteristics, teaching methods, and ideas on ECCC by
a questionnaire. They found that after training, teachers’ understanding of ECCC
became better; however, their teaching practice on ECCC needs to be strengthened.

Some researchers investigated the differences between expert and novice
chemistry teachers from several aspects, such as teaching strategies (Lou and Wang
2010a), selection and use of teaching methods (Zhang and Yang 2011), and
experiment teaching behaviors (Gai et al. 2012). The methods of classroom
observation, video analysis, case analysis, and interviews with teachers were
adopted. These studies found a lot of differences between expert and novice
chemistry teachers which were useful for novice teachers’ reflection on their
teaching and training of preservice teachers.

In recent years, investigations on the situation of teachers’ professional devel-
opment have become abundant and covered both general and specific aspects such
as curriculum beliefs (Xu and Li 2011; Yang and Yang 2011). Besides, with the
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rapid development of the Internet, online learning has already become a new
approach for teachers’ professional development in Mainland China (Liu et al.
2008).

2.6 Scientific Inquiry

Scientific inquiry is emphasized in science curriculum standards in Mainland China,
not only as a learning objective and content, but also as a learning style. So,
scientific inquiry is a very hot topic in SER.

Studies on scientific inquiry-based teaching focused on four categories. The first
category is research on the model and strategy of scientific inquiry-based teaching.
The subject is experience from teaching practice summarized by school teachers in
scientific inquiry-based teaching, such as four-step teaching method, collaboration
and exploring learning model, and student-centered scientific inquiry teaching
strategies. And some graduate students also proposed some scientific inquiry-based
teaching models and strategies and conducted empirical investigations, such as a
scientific inquiry-based teaching model to facilitate students’ cognitive change, a
worksheet-based scientific inquiry teaching strategy, and a network-based physics
scientific inquiry teaching model in middle and high schools (Wang et al. 2013b).
The second category is about studies on designing scientific inquiry-based teaching
plans. The subject is teaching samples developed for specific curriculum content by
school teachers. The third category is about studies on the function of scientific
inquiry-based teaching, such as Wang’s (2012a) “scientific inquiry, retrospection,
and implication” teaching model to improve students’ understanding of NOS. This
study selected Grade 11 students in Nanjing as samples, and the results illustrated
that students taught via scientific inquiry-based method understood better on “the
relativity of scientific theory,” but the understanding of their whole knowledge of
NOS was not improved significantly. The fourth category is studies on the status quo
of scientific inquiry-based teaching, which were conducted by university/college
faculties and graduate students via questionnaire-based investigations and inter-
views, focusing on teachers’ beliefs on inquiry-based teaching, teachers’ teaching
practice, and teaching effect and influence factors.

Studies on students’ inquiry ability and evaluation are mainly conducted by
university/college faculties and graduate students. Researchers investigated stu-
dents’ performance on different subskills used in scientific inquiry process, such as
asking physics questions, analyzing data, and argumentation. As for asking physics
questions, the results illustrated that there were seven factors correlated with this
skill, which are as follows: students’ interests in physics, contexts created by
teachers, students’ knowledge foundation, new knowledge, students’ sense of
self-respect, the atmosphere of asking questions, and the influence of authority (Bao
2006). As for the validity study of worksheets used as an evaluation tool for
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students’ inquiry performance, the results illustrated that the raters’ reliability of
observation-based scale was relatively high and acceptable, while the reliabilities of
the open-ended worksheets, structured worksheets, and guiding worksheets were
lower than observation. As the openness degree of the worksheets decreased, the
raters’ reliability went up, because the requirements on worksheet were more and
more explicit and consistent with students’ performance, and it was easier for raters
to rate (Luo 2007).

Studies on teachers’ beliefs and performance on scientific inquiry are mainly
conducted with questionnaire-based investigations. For example, researchers
compared teaching in the USA and Mainland China by using Likert items,
open-ended items, and teaching videos. The findings illustrated that teachers
working in Mainland China considered scientific inquiry as using unchanged
procedures to understand content knowledge, whereas American teachers paid more
attention to how to create context to facilitate students’ engagement in learning
activities and also focused more on the process of the development of students’
cognition. Meanwhile, the expected performance evaluation criteria on “how to do
inquiry” in Mainland China is lower than that in the USA, whereas some expec-
tations—such as operating with laboratory equipment, using scientific terms, and
information and communications technology (ICT)—were higher than those in the
USA. Teachers in Mainland China considered how to guide students to do inquiry
in class and also thought that teachers should guide students to collect and analyze
data, interpret phenomena, and do communications. In comparison, the US teachers
focused on the development of students’ asking questions, collaboration and
communication, argumentation, and critical thinking, and they also paid more
attention to students’ problem-solving ability in exploratory processes and guiding
them to give explanations. Lastly, teachers in Mainland China focused more on the
safety issues of inquiry activities than did US teachers (Wang and Guo 2011).
Another researcher employed qualitative and quantitative methods in a study
analyzing the text of 67 teaching plans in order to gain knowledge on teachers’
understandings of: (1) what inquiry-based teaching is; (2) why inquiry-based
teaching is needed; and (3) how to practice inquiry-based teaching in language
expression and teaching practice. The results illustrated that teachers took
inquiry-based teaching as an ideal teaching model, but teachers’ understanding of
the overall scientific inquiry and elements involved in it was very superficial (Lu
2013). In addition, this study also found that there were nine factors mainly
accounting for the development of teachers’ beliefs in inquiry-based teaching,
which are as follows: cases of inquiry teaching, the environment of teachers’ work
and living (such as job training opportunities provided for in-service teachers),
teachers’ study on pedagogical theory, experience of individual progression, the
practice of inquiry-based teaching, the practice of inquiry, the consideration on
inquiry and inquiry teaching, the consideration on students’ thinking for
problem-analyzing processes, and the understanding of NOS.
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2.7 Learning Progressions and Students’ Domain-Specific
Cognitive Development

Learning progressions (LPs) , as a hot topic in international SER, also attract the
interest of researchers in Mainland China.

Some researchers selected key biology concepts and constructed the concept
progression map for elementary, middle school, and high school students (Zhang
and Liu 2010; Li and Liu 2010). The results and conclusions of these studies were
adopted by Grade 7-9 National Biology Curriculum Standards (2011 edition) with
clear statements of students’ understanding of each key concepts in different
biology topics (Liu et al. 2012).

Tan (2010) developed an inventory, which was named “energy and life,” to
describe students’ understanding of progressions on energy from Grades 8—12, and
anchor items were designed and set in assessments for students of different grades.

Li and Liu (2012) studied LPs of scientific inquiry in K-12 science curriculum.
Based on Lawson’s theory of scientific reasoning patterns, researchers measured
students’ development of scientific reasoning ability via the instrument Classroom
Test of Scientific Reasoning (CTSR) developed by Lawson for elementary school
students to undergraduate students (Guo et al. 2011). The results implicated that
students’ progressions for scientific reasoning could be significantly observed
across Grades 5-10 and were consistent with Piaget’s developmental theory (Wei
et al. 2011). However, for undergraduates, the progressions of scientific reasoning
were not significant across the years. The underlying reason now is still vague
although the researchers have discussed the potential influencing factors based on
the current teaching method and content, whereas the mechanism in cognition
development is also not reached, and the ceiling effect of the test was eliminated for
the low mean scores of overall students’ responses (Guo et al. 2011).

In 2004, Lei Wang at Beijing Normal University and her team members pro-
posed a new notion named “chemical cognitive and reasoning mode (style)
(CCRM)” for the first time. They thought that there was an interior factor which
influences specific concept learning and student’s cognition on specific topic and
content domain. The factor is a kind of thinking mode or perspective of cognition
which is used in conceptual understanding, reasoning, and problem solving. What
is the cognitive and reasoning mode of a specific domain? They defined it as “the
mode of cognition and reasoning which is used by students when analyzing phe-
nomena, solving problems, and understanding ideas in a specific domain.”

At present, the theoretical and practical research on CCRM has achieved certain
results. They recognized that there were three components of the cognitive and
reasoning mode; in other words, cognitive and reasoning mode can be illustrated by
the following three cognitive variables: (1) perspective of cognition, that is, the
special lens or viewpoints which are used by students to understand ideas, analyze
phenomena, and solve problems. The perspectives of cognition are differently based
on different cognitive objects and domains or different students; (2) path of rea-
soning, that is, the path and process of reasoning which are usually supported and
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influenced by the combination of the perspectives of cognition; (3) patterns of
cognition and reasoning which are generally classified into macroscopic/
microscopic, qualitative/quantitative, isolated/systematic, and static/dynamic cate-
gories (Wang and Xiao 2004; Wang and Yang 2000).

Wang and her research group’s studies indicated that CCRM did exist in
chemistry learning and had many kinds of categories and levels. It is stable, edu-
cable, and invisible (Wang and Xiao 2004). The cognitive and reasoning mode
relied on a specific domain named as the cognitive domain. The cognitive domain
reflects the knowledge content attribute of the cognitive and reasoning mode, for
example, water solution, inorganic substance, organic substance, and chemical
reaction. The level of a student’s cognitive and reasoning mode is related with what
kind of cognitive and reasoning tasks the student is capable of doing and what level
his/her performance is. There are several categories of the cognitive and reasoning
tasks and performances, such as describing, illustrating, explaining, predicting,
designing, and controlling. Understanding the concept of “cognitive and reasoning
mode of the specific domain” can help us to characterize the differences between
students and the development in their learning. The differences among students are
reflected by the amount and the level of perspective of cognition and pattern of
cognition and reasoning, as well as what kind of cognitive tasks they can deal with
(Wang and Yang 2006).

Lei Wang and her research group have been pushing forward the development of
the theoretical framework of cognitive and reasoning mode. They thought that the
learning progressions of the specific domain or topic could be described by the
development of domain-specific cognitive and reasoning mode of students. And the
latter could be described from the changes that took place from five aspects: (1) the
perspectives of cognition, (2) the relations and combinations of different perspec-
tives of cognition, (3) the path of reasoning, (4) the category of patterns of cognition
and reasoning, and (5) the level of cognitive and reasoning performances. The
development of domain-specific cognitive and reasoning mode of students was
related to grade, curriculum, and content knowledge, but it is not absolute. It was
decided mostly by the transformation from knowledge to cognitive and reasoning
mode (Wang and Zhi 2011).

Later on, researchers conducted a series of studies of instructional design and
teaching strategies which can promote students’ epistemic development as well as
students’ cognitive and reasoning mode of core chemical knowledge. By January
2014, more than 200 lessons based on promoting students’ chemical domain-
specified cognitive and reasoning mode development had been conducted in 37
secondary schools under the project of “Design Based Lesson Study by
University-School-Collaboration (DBLSUSC).” The case content covered most of
the contents of elementary school and middle school (Wang et al. 2010b; Zhi et al.
2012; Wang et al. 2012a; Jiang et al. 2012). All of the studies achieved good
teaching results.

The basic procedure of the above studies involved: (1) forming a research group,
including chemistry education experts, graduate students, and high school teachers;
(2) diagnosing the problems of original teaching design and classroom teaching by
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classroom observation, video analysis, and interviews with teachers and students;
(3) discussing the problems found, reaching a consensus and redesigning teaching
based on promoting students’ epistemic development and designing pretest and
posttest to detect the teaching effect; (4) putting the new teaching design into
classroom teaching, carrying out pretest and posttest to test the teaching effect by
classroom observation, video analysis, teachers’ interviews, and interviews with
students; (5) summarizing the effective teaching strategies and discussing the
problems needed to solve in the future; and (6) studying the problems in the studies.
This is an all-win process of the action research, and it solved the problem that SER
is hard to be applied to teaching practice. In above process, the science education
theories can be tested and developed in practice; an effective path of putting the
science education theories into practice is found and will promote the secondary
school teachers’ understanding of the theories and improve their teaching research
ability, reflection ability, and classroom control ability; and finally, these theories
promote the secondary school teachers’ professional development.

2.8 Concluding Remarks

Encouraged by the K-12 science education reform in Mainland China, SER has
generated a large number of publications over the past 10 years, which is consid-
ered to be a golden age for the researchers. Because SER in Mainland China is
closely integrated with separate science subjects, the reviews above were presented
by studies in physics, chemistry, or biology education due to the length limitation of
this chapter. In fact, physics, chemistry, and biology education all have had fruitful
achievements in all the six aspects above. But, the internationalization of SER in
Mainland China is not enough, especially in publishing studies in international
journals. How to bring the native studies to overseas and how to get recognition of
international peers are important tasks for the researchers in Mainland China.
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