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Abstract

the curriculum.

Curriculum standards are a critical component of a nation’s educational system and directly impact talent devel-
opment and overall national development. Most studies on curriculum standards focus on a single competency.

This study aims to understand the extent to which the competencies outlined in the OECD 2030-oriented learning
framework are reflected in China's compulsory education biology curriculum as a whole and within individual content
subjects. In this study, we conducted a content analysis of China’s National Biology Curriculum Standards (Grades 7-9).
The result shows that the standards cover 20 of the 28 competencies, focusing on foundational literacies, transforma-
tive competencies and competency development. We found that certain competencies, such as Action, Literacy,

and Problem-solving, were emphasized across content subjects, while other competencies were uniquely empha-
sized within specific content subjects. This study provides a comprehensive view of China's National Biology Cur-
riculum Standards (Grades 7-9) from the perspective of future literacy development and can inform efforts to reform
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Introduction

As globalization and societal changes accelerate, govern-
ments worldwide prioritize education to cultivate citizens
who can adapt to the changing society. Education sys-
tems are therefore under pressure to better prepare their
students for the “future” and for the “real world” (OECD,
2019b). In 2015, the Organization for Economic Coop-
eration and Development (OECD) launched the “Future
of Education and Skills 2030” project to establish key
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competency goals for 2030. Based on the 2030-oriented
learning framework, the OECD has developed the first
international comparative analysis tool on curricula, Cur-
riculum Content Mapping (CCM), to meet the multiple
needs of the nation, society, and individual development.
In response to these trends, China released its National
Biology Curriculum Standards (Grades 7-9) (NBCS
(7-9)) in 2022. Whether curriculum standards can meet
the requirements of future-oriented talent training and
how to further optimize the construction of curricu-
lum in the new era are common challenges faced by all
countries in designing and implementing future-oriented
curriculum. The competencies in the OECD 2030-ori-
ented learning framework can point out the direction
for the development of education in countries. Curricu-
lum standards stipulate the goal of education, the core
of which is to cultivate future citizens. Consequently, the
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CCM analysis based on the competencies in the OECD
2030-oriented learning framework can provide a com-
prehensive picture of the extent to which curriculum
design can facilitate the cultivation of future-ready citi-
zens and thus furnish valuable insights for the refinement
and enhancement of curriculum standards. Furthermore,
the findings of the study can also provide a reference for
the design and revision of curriculum standards in other
countries or regions. Against this context, this study aims
to review the newly released curriculum standards for
self-reflection while providing learnable recommenda-
tions that promote key competencies in students for the
future.

Competencies for the future

Education systems worldwide are facing unprecedented
challenges due to the rapid development of society.
Numerous nations, international organizations, and
economies have conducted relevant research and devel-
oped future-oriented competency frameworks with vari-
ous elements to better prepare students for an uncertain
future. The OECD introduced the “Learning Compass
2030” which describes the competencies students will
need to flourish in the future and help create better
lives for both individual and societal well-being, includ-
ing core foundations, transformative competencies,
knowledge, skills, attitudes, and values, as well as a cycle
of anticipation, action, and reflection (OECD, 2019a).
The Partnership for 21st Century Learning (P21) (2019)
developed the “Framework for 21st Century Learning,’
which encompasses three areas of competencies: learning
and innovation skills, information, media, and technol-
ogy skills, and life and career skills. The European Com-
mission Directorate-General for Education, Youth, Sport
and Culture (2019) identified eight key competencies in
its “Recommendation on Key Competencies for Lifelong
Learning,” including literacy competence, multilingual
competence, mathematical competence, and competence
in science, technology, and engineering, among others.
The United Nations Educational, Scientific, and Cul-
tural Organization (UNESCO) Asia and Pacific Regional

Table 1 Common future competencies in five frameworks
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Bureau for Education (2015) published a report on devel-
oping a framework for “transversal competencies,” which
includes five major areas: critical and innovative think-
ing, interpersonal skills, intrapersonal skills, global citi-
zenship, and media and information literacy. China’s Key
Competencies Research Group (2016) identified six key
competencies for Chinese students: humanistic heritage,
scientific spirit, learning to learn, healthy life, responsibil-
ity, practice, and innovation.

By analyzing and comparing the specific connota-
tions of these frameworks, we can identify commonali-
ties among them. Table 1 presents the result of merging
competencies with similar meanings, valued by the five
frameworks and classified into five different orientations.
It is important to note that in each framework, the com-
petencies do not exist independently; rather, they inter-
sect and overlap, with aspects essential to one domain
supporting competence in another.

Curriculum standards attach importance

to the development of students’ competencies
Curriculum standards are national policy documents that
outline a country’s expectations and vision for the devel-
opment of its future citizens and serve as an authorita-
tive, directive, and programmatic guide for curriculum
development. In some countries, biology curriculum
standards are set separately, while in others, science cur-
riculum standards that combine physical science, life sci-
ence, and earth and space science are used. The structure
of national curriculum standards varies, but they gener-
ally include elements such as curriculum philosophy, cur-
riculum objectives, curriculum content, and academic
assessment (NGSS Lead States, 2013; Ministry of Educa-
tion, Singapore (MoES), 2013; Department for Education
(DfE), 2015; Ministry of Education (MoE), 2022a, b, ¢;
Australian Curriculum Assessment to Reporting Author-
ity (ACARA), 2018).

Curriculum standards in all countries outline require-
ments for student competencies. The Next Gen-
eration Science Standards (NGSS) identifies these
objectives across three dimensions: science and

Orientation Future competencies

Basic Disciplines
Emerging Skills

Higher order cognition
Intra-individual
Interpersonal & Social

Literacy competency, mathematical competency, science and technology competency, physical and mental health
Digital literacy, information literacy, media literacy, environmental literacy, financial and business literacy

Critical thinking, creativity and innovation, problem-solving skills, learning to learn competency

Self-awareness, self-regulation, reflective thinking, curiosity, and inquiry skills

Communication and collaboration, global awareness and open mindset, cross-cultural skills and international

understanding, civic responsibility and social engagement, compassion and tolerance, flexibility and adaptability
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engineering practices, disciplinary core ideas, and cross-
cutting concepts, with “performance expectations” that
specify the required competencies for students (NGSS
Lead States, 2013). The British Science Programmes of
Study outline overall competency requirements in the
“aims” section and provide achievement targets for stu-
dent competencies under each “key stage” (Department
for Education (DfE), 2015). The Australian science cur-
riculum standard also presents general requirements for
student competencies in the “aims” section and details
students’ competency performance in the “content and
achievement sequences” section (Australian Curriculum
Assessment to Reporting Authority (ACARA), 2018). In
Singapore’s Science Syllabus, the “learning results” sec-
tion of the “curriculum contents” reflects the require-
ments for student competency achievement (Ministry of
Education, Singapore (MoES), 2013). NBCS (7-9) elabo-
rates on four key competencies of the ideas of life, sci-
entific thinking, inquiry and practice, and attitudes and
responsibilities in the “curriculum objectives” and speci-
fies requirements for student competency performance
in the “academic requirements” section. This demon-
strates that developing student competencies is a widely
acknowledged educational goal that is often highlighted
in the various sections of curriculum standards across
nations.

Methods for analyzing curriculum standards

Traditionally, the analysis of curriculum standards has
served two primary purposes, to assess the quality of the
standards and to compare the similarities and differences
between or among sets of standards (Tran et al., 2016).
Many studies on curriculum standards analysis have
employed content analysis (Carr et al., 2012; Chen et al,
2021; Mostacedo-Marasovic et al., 2022; Wei et al., 2019;
Zeng & Wang, 2021). For instance, Carr et al. (2012) used
content analysis to compile and analyze the presence
and scope of engineering in the K-12 STEM standards
in all 50 U.S. states and provided a consensus of the big
ideas found in the standards. Wei & Ou (2019) adopted
revised Bloom’s taxonomy as a framework for analyz-
ing the middle school curriculum standards among four
Chinese regions and compared their similarities and dif-
ferences. The content analysis method, generally consist-
ing of unitizing, sampling, recording/coding, reducing
data to manageable representations, abductively infer-
ring contextual phenomena, and narrating the answers
to the research question (Krippendorff, 2019), follows the
standards of the scientific method with systematic proce-
dures that focus on objectivity-intersubjectivity, reliabil-
ity, validity, generalizability and replicability (Neuendorf,
2017).

Page 3 of 16

Some studies have conducted a lexical search or ana-
lyzed the word frequency of curriculum standards. For
example, Merritt & Bowers (2020) used lexical analysis of
NGSS documents to identify instances of observational
methods suggested in scientific and engineering practices
and ecology-related performance expectations, exploring
where and how much students are encouraged to observe
and investigate the natural world as they learn ecologi-
cal concepts in NGSS. Luo (2021) analyzed the word
frequency related to “evidence-based reasoning” in sci-
ence curriculum standards from 27 countries or regions.
Additionally, Some studies have adopted a direct com-
parison approach to provide suggestions for revising the
standards. These comparisons typically consider similari-
ties and differences in the rationale, expectation, learning
area, or presentation of competencies within curriculum
standards (Lee, 2017; Li & Xie, 2022; Tang & Liu, 2001;
Zhang & Wei, 2012). This kind of comparison relies on
the researcher’s subjective judgment and ideas, which
requires a high level of researcher literacy.

When considering different research methods, content
analysis stands out as a relatively systematic and valid
approach that allows for replication by other researchers
(Krippendorff, 2019). However, it also involves some level
of subjective interpretation, so the reliability and validity
of its conclusions need to be ensured by strengthening
the quality of the coding scheme and conducting training
for coders (Neuendorf, 2017).

Analysis and research on competencies in curriculum
standards

To enhance the effectiveness of curriculum standards,
further develop student competencies, and meet the
needs of the future society, many researchers both within
and outside the country have analyzed competencies in
curriculum standards(Zhang & Wei, 2012; Lee, 2017;
Summer et al., 2019; Fu & Wang, 2019; Merritt & Bow-
ers, 2020; Luo, 2021; Huang, 2021; Zeng & Wang, 2021).
Table 2 presents the sorting results of this research.

It can be seen from the results that most of the stud-
ies focus on a single competency within the curriculum
standards, rather than conducting a systematic analysis
from an overall perspective. Additionally, the research on
content subjects and competency requirements is often
isolated, making it difficult to comprehensively under-
stand the relationship between elements such as knowl-
edge, skills, attitudes, and values. Thus, it is challenging
to provide general suggestions for the preparation and
revision of curriculum standards.

Therefore, there is a need to conduct a systematic
analysis of curriculum standards from the perspective
of the relationship between overall content subjects and
competencies to explore how knowledge and skills can
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Table 2 Different researchers'research on dimension in curriculum standards

Author Years Analysis dimension of curriculum standard
Zhang & Wei 2012 Scientific inquiry

Lee 2017 Scientific argument

Summers, Alameh, Brunner, Maddux, Wallon, & Abd-El-Khalick 2019 Nature of science

Fu &Wang 2019 Critical thinking

Merritt & Bowers 2020 Ecological literacy (observation-based ecology)
Luo 2021 Evidence-based reasoning

Huang 2021 Literacy for sustainable development

Zeng & Wang 2021 Science and engineering practice

be learned in an integrated manner and to better under-
stand the relationship between subject content and com-
petencies, and develop specific competencies within the
appropriate content subjects. Such analysis can provide
a reference for the revision and improvement of curricu-
lum standards.

Reform of compulsory education biology curriculum
standards in China

The revision of China’s curriculum standards has gone
through three stages since the 1950s. The first stage
of the reform is primarily characterized by updates to
the curriculum’s content and changes to its conceptual
framework. The Full-time National Biology Curriculum
Standards (Grade 7-9) (trial edition) (2001) introduced
the curriculum concepts of “facing all students’, “improv-
ing biological competency’, and “advocating inquiry
learning’, it also introduced the content of “scientific
inquiry” for the first time, advocating research-based
learning for students.

In the second stage, the curriculum standards supple-
mented and improved the characteristics of the curricu-
lum and emphasized the transmission of key concepts.
It highlighted the “scientific education” attribute of the
biology curriculum and specifically described the teach-
ing requirements of related concepts in the form of con-
notations or propositions (Ministry of Education (MoE),
2011; Liu, 2012).

In the third stage, the curriculum objectives and phi-
losophy changed. The curriculum goal shifted from
knowledge, ability, attitude, and values to a focus on the
development of four dimensions of key competencies.
It introduced a more systematic curriculum philoso-
phy, emphasizing the connection and cohesion of differ-
ent knowledge systems and the logic between learning
themes. The curriculum standard also highlights interdis-
ciplinary practice and students’ ability to solve problems
comprehensively (Ministry of Education (MoE), 2022a).

Previous research regarding curriculum content mapping
The OECD initiated the CCM exercise to help analyze
the extent to which the curriculum develops compe-
tencies essential for future life and work, explore how
knowledge is taught alongside skills, and better under-
stand the relevance of particular skills, attitudes, and
values to certain areas of learning. The exercise pro-
vides a tool and methodology for curriculum analy-
sis, and the final mapping grid presenting the result is
a two-dimensional matrix consisting of a competency
framework and a content subject framework, with a
4-level scale labeled with different shades of color to
indicate the extent to which a content subject supports
and achieves a particular competency. The result of
the analysis can provide concrete evidence for curric-
ulum reform and insight into the curriculum redesign
process.

Since the initiation of the CCM exercise, many coun-
tries, including China, have participated in the analy-
sis of curriculum standards, indicating that the results
have guiding significance for curriculum reform
(OECD, 2020). In China, the main objects of analy-
sis are the 2011 edition of curriculum standards (Cao
et al., 2020; Wang et al,, 2021a; Liao & Wang, 2021;
Wang et al., 2021b; Ren & Wang, 2021). The available
studies on these analyses have primarily focused on
general analysis, competency analysis, and content sub-
ject analysis. The analysis of content subjects is analyz-
ing the frequency and percentage of content subjects
corresponding to the different levels of specific compe-
tencies (Liao & Wang, 2021) or analyzing the frequency
of the five major types of competencies in content sub-
jects in the standards (Wang et al., 2021b), without
separately analyzing the specific types of competencies
embodied in each content subject and the degree of
embodiment.

In addition, the content subjects identified by the
OECD include biological concepts, scientific inquiry,
safe practices, the nature of science, ethics, and
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concepts related to global citizenship and education for
sustainable development. The Chinese biology curricu-
lum standards are divided into topics based on subject
areas, such as structural levels of organisms and diver-
sity of organisms. To better align with the presentation
of Chinese biology curriculum standards, this study
aims to analyze the newly published NBCS (7-9) in
2022 using the biology subject areas as the basis for the
division of content subjects. This will help explore the
relevance of specific competencies in developing future
competencies in different areas of biology subjects at a
more micro level.

Therefore, this study aims to address the following
two research questions: (1) What competencies does the
NBCS (7-9) cultivate for students in each content sub-
ject? (2) To what extent are these competencies expected
to be attained by students based on the NBCS (7-9)?

Method

Select biology curriculum document and targeted content

This study selected NBCS (7-9) as the primary analytic
document, the interpretation of curriculum standards
and textbooks of people’s education press as supporting
materials. The above-mentioned supporting materials
will be used as analysis objects when the relevant com-
petencies are absent from NBCS (7-9). The content of
the curriculum standard mainly includes the preface, phi-
losophy, rationale, expectation, and learning area of the
curriculum, study quality, curriculum implementation,
and the appendix.

The preface section of the curriculum standards out-
lines the guiding philosophy, principles of revision, and
major changes to the standards. The philosophy is mainly
concerned with the overall design of the curriculum,
which is a macro-level design idea. The rationale sec-
tion describes the course’s attributes and its position in
the overall curriculum system. The expectation section
clarifies the connotation of the four core competencies
of ideas of life, scientific thinking, inquiry and practice,
and attitude and responsibility, as well as the require-
ments for students upon completing the middle school
biology curriculum. The content part of the curricu-
lum is the core component of the curriculum standards,
including seven learning themes and nine big ideas. The
curriculum standards present specific requirements
for learning themes, which are divided into four parts:
general description, content requirements, academic
requirements, and teaching tips. The academic quality
section uses key competencies as the main dimensions
and outlines the specific performance characteristics of
students’ academic achievement. The curriculum imple-
mentation section provides meso-level suggestions
for implementation, including teaching suggestions,
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assessment suggestions, requirements for the develop-
ment of teaching materials, development and utiliza-
tion of curriculum resources, research on teaching, and
teacher training suggestions. The appendix provides
operational cases for reference on how to implement the
requirements of the curriculum in teaching, including six
teaching cases and one evaluation case.

Curriculum content mapping analytical framework

The analysis of the curriculum content mapping includes
three main aspects, which are content subject, compe-
tency system, and criteria for determining competency
levels.

Content subject

In terms of content areas, this study combined the con-
tent areas of biology to refine and form seven content
subjects (Table 3), including the levels of biological
organization, biodiversity, biology, environment, etc.

Competency system

The competency system is based on the competencies
classification of OECD’s Education 2030 Curriculum
Content Mapping project. There are twenty-eight com-
petencies in total, and these competencies have been
grouped as “Foundational Literacies,” “Skills, Attitudes,
and Values,” “Key Concepts,” “Transformative Compe-
tencies and Competency Development,” and “Compound
Competencies” Table 4 shows the composition of the

competency system.

Criteria for determining competency levels

Different content subjects have different requirements
for competencies. According to the degree of embodi-
ment and expectation to be attained by students, the
competency can be divided into four levels (see Table 5).

Table 3 Content subject of biology

Content codes Content subject

CSB1 The levels of biological organization
CSB2 Biodiversity

CSB3 Biology and environment

CSB4 Reproduction and development biology
CSB5 Life processes

CSB6 Genetics and evolution

CcsB7 Biotechnology and bioethics
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Data collection and analysis

Text coding

The coding process consists of three main steps. In the
first step, the sentences in the NBCS (7-9) or support-
ing materials that can independently reflect the seman-
tics are looked up to determine which content subject
the relevant text belongs to (see Table 3). In the second
step, based on the clarification of the basic characteris-
tics and connotations of each specific competency, it is
determined which competency is reflected in the items
coded in the first step (see Table 4). In the third step,
the text is coded according to the criteria for evaluating
the level of competency (see Table 5). The competency

Table 4 Competencies system (OECD, 20193, b)
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level assigned to each content subject is determined
by selecting the highest value of the competency level
found within the items included under that specific
content subject.

There provide an analytic case for coding (see Table 6).
The content subject was categorized as “CSB1 The levels
of biological organization” because it was linked to struc-
ture and function at the cellular level. Competency was
coded as “Literacy” because this item required students
to use and engage with biology-specific texts such as “dia-
grams or models” The competency level is coded as “3”
because this item is in the academic requirements section
of NBCS (7-9) and is stated as a sub-target.

Competency dimension Descriptions

Foundational Literacies

The competencies that serve as foundations for advanced learning, include literacy, numeracy, ICT literacy/digital

literacy, data literacy, and physical/health literacy

Skills, Attitudes, and Values

The specific skills, attitudes, and values that students require to flourish and shape the world, include critical thinking,

problem-solving, cooperation/collaboration, self-regulation/self-control, empathy, persistence/resilience, respect,

trust, and learning to learn
Key concepts

The capacity and propensity to take purposeful initiative with the influence of teachers, peers, families and communi-

ties, which is called student agency and co-agency

Transformative Competencies
and Competency Development
anticipation, action, and reflection

Compound competencies

The essential competencies to adapt to the complex and uncertain society for a brighter future and required
for fostering student agency, including creating new value, taking responsibility, reconciling dilemmas and tensions,

The competencies necessary for individual, societal, and environmental wellness, include global competency, media

literacy, literacy for sustainable development, computational thinking/coding/programming, financial literacy,

and entrepreneurship

Table 5 Criteria for determining competency levels (OECD, 2019b)

Level Degree Description Criteria
1 Not targeted in this learning area There is no mention of this competency requirement in the text of this
content subject in the standards, and teachers will not include it as part
of their instruction
2 Not targeted in this learning area, but there are some opportunities ~ There is no explicit target requirement for this competency in the text
for teachers to include this when teaching this learning area of this content subject in the standards. However, teachers may refer
to the competency in the prescribed or recommended textbooks
and in the interpretation of the curriculum standards when teaching
3 Sub-target of the learning area’s branches/strands or in specific The competency is included in the written curriculum but only as
grades only a sub-target or the selected competencies are not clearly articulated
in the curriculum
4 The main target of the learning area’s branches/strands The competency is included in the written curriculum as the main

target or the selected competencies are clearly articulated in the cur-
riculum

Table 6 Example of coding an item

Item

Content subject Competency Position

Competency level

Demonstrate and illustrate the function of various cellular structures
and their interrelationships using, for example, diagrams or models
(Ministry of Education (MokE), 2022a)

CSB1

Literacy Academic requirements 3
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Coding reliability

To ensure inter-rater reliability, four educators who were
familiar with the content of NBCS (7-9) were involved
in training, which included the interpretation of the
OECD 2030 competencies and the general information
about CCM. After the educators reached a consensus
on the understanding of the content of the competency
framework, the content subject of “the levels of biologi-
cal organization” in the NBCS (7-9) was selected, and
four educators independently coded this part with the
code rules. The result showed a relatively high level of
agreement among the four raters (Kendall W =0.789,
X*=194.049, p=0.00<0.01). After the pre-analysis
reached a consensus, the raters independently analyzed
the remaining text and finally aggregated the results of
the analysis. Uncertain results were discussed. If no con-
sensus was reached, an expert on biology curriculum and
pedagogy was consulted to make a decision and further
iterate to improve the rules of coding.

For example, regarding the item “Correct and standard-
ized production of clinical slides, using a microscope for
observation, be able to analyze the causes of poor imag-
ing in the observation results from the aspects of material
preparation, instrumentation, and operation procedures”
(Ministry of Education (MoE), 2022a), there was agree-
ment on the content subject coding but disagreement on
the competency coding among raters A, B, C and D (see
Table 7).

There were two major inconsistencies. The first con-
cerns the possibility of coding “Action” in basic obser-
vational experiments. The second is that there were
questions about the judgments of “Reflection” and
“Learning to learn” In response to the inconsistency, the
raters discussed it with the experts. After the discus-
sion, it became clear that this item was consistent with
the meaning of the “Action” code, which is “to utilize
skills acquired to act or contribute to a situation or cir-
cumstances” (OECD, 2019b), and it was clarified that the
scientific process of running experiments in a laboratory
could be coded as “Action”. The expert further clarified to
the raters that “Learning to learn” is an awareness of the
phenomenon of learning itself rather than knowledge.

In comparison with “Reflection’, “Learning to learn” also

Table 7 Example of a coding inconsistency
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needs to reflect a process of adjustment or improvement
of the program. Finally, all the raters reached a consensus
that the competency codes for this item were “Reflection”
and “Action”.

Data analysis

To address our research question, we created a mapping
grid that shows the relationship between the content sub-
jects in the curriculum standards and the level of com-
petency representation. Using this heat map, we counted
the total number of competencies covered by NBCS
(7-9), as well as the degree of embodiment of each com-
petency category. In addition, we analyzed the frequency
and percentage of different competency levels in each
content subject, which allowed us to examine to what
extent the curriculum standards are developing specific
competencies within different content subjects.

Result

Mapping grid of the curriculum content

Based on the analysis of the NBCS (7-9) and support-
ing materials, a mapping grid was created to demon-
strate the representation of competencies in the seven
content subjects (see Fig. 1). The result shows that all
five dimensions of competency are represented to some
degree, with Foundational Literacies and Transforma-
tive Competencies and Competency Development being
represented at a high level. Skills, Attitudes, and Values
focus mainly on Problem-solving, Respect, and Coopera-
tion/Collaboration. Key Concepts are primarily focused
on Student Agency and Co-agency in certain content
subjects. Compound Competencies are represented at
the weakest level, with an emphasis on Global Compe-
tency and Literacy for Sustainable Development in cer-
tain content subjects. The NBCS (7-9) addresses 20 out
of the 28 specific competencies (71.4%) while failing to
address the remaining eight competencies, including
Self-regulation/Self-control, Empathy, Trust, Reconciling
Dilemmas and Tensions, Media Literacy, Computational
Thinking/Coding/Programming, Financial Literacy, and
Entrepreneurship.

Item

Content subject Rater Competency

Correct and standardized production of clinical slides, using a microscope for observation, be able
to analyze the causes of poor imaging in the observation results from the aspects of material prepara-
tion, instrumentation, and operation procedures (Ministry of Education (MoE), 2022a)

CSB1 A Reflection, Action
B Reflection
C Reflection
D Reflection,

Learning to learn,
Action
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Fig. 1 Mapping grid of the Chinese National Biology Curriculum for middle school
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the proportion of content subjects that explicitly require
the competencies according to the curriculum objectives

H Percentage of content subjects for the main target

100%
90%
80%
70%
60%
50%
40%
30%
20%
o I I II
0%
£ 2L EZ25E8¢8 8 8
S 5=z§gE85S 5858 %
<= 32 5 & £ 2 8 = 2
S @~ 8 2 2 38 = % %
g Eoo_‘:'ﬁg%m
) E%Z:E'ﬁo
) O 2 o g o0 8
e TR EZ B 5
~ s ¥ 3 3 > B
N -;:.Egg g -z
§29% 5B
g z £ &
g = 2
© 0
S
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Data Literacy

(i.e., competency elements with representation levels 3
and 4) was calculated based on the result from the map-
ping grid. Figure 2 shows that Action and Literacy are
prominent in the NBCS (7-9), with all content subjects
presenting these competencies as main or sub-targets.
Problem-solving is also well represented, with 85.7% of
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content subjects incorporating this competency. Respect
and Cooperation/Collaboration are included in four con-
tent subjects (57.1%). Taking Responsibility, Creating
New Value, Physical/Health Literacy and Anticipation
are included in three content subjects (42.9%). ICT Lit-
eracy/Digital literacy, Persistence/Resilience, Reflection,
and Data Literacy are included in two content subjects
(28.6%). Co-agency and the other seven competencies
only appear in one content subject (14.3%).

Content subject analysis

Table 8 shows the representation of each competency
dimension as the main or sub-target within each content
subject. It can be seen that Foundational Literacies, Skills,
Attitudes and Values, Transformative Competencies and
Competency Development are present in all content sub-
jects, while Key Concepts and Compound Competen-
cies are the least represented. The content subjects CSB1
and CSB2 primarily focus on Foundational Literacies and
Transformative Competencies and Competency Devel-
opment. CSB3 emphasizes Skills, Attitudes and Values,
Transformative Competencies, and Competency Devel-
opment. Both CSB4 and CSB6 focus on Transformative
Competencies and Competency Development. CSB5 and
CSB7 cover Foundational Literacies, Skills, Attitudes and
Values, and Transformative Competencies and Compe-
tency Development.

The frequency of items representing different compe-
tencies within each content subject was analyzed further,
as shown below.

In CSB1, seven competencies are covered in the NBCS
(7-9) (Fig. 3). The most common competency is Action,
which is present in the main target 16 times and in the
sub-target nine times, accounting for 55.6% of all coded
items. The next most common competency is Literacy,
which appears four times in the main target and nine
times in the sub-target, accounting for 28.9% of all coded
items in the standards. Other competencies present in
the NBCS (7-9) included ICT Literacy/Digital literacy,
Co-agency, Anticipation, and Reflection. This content

Table 8 Sources of content subjects for main or sub-targets items
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Fig. 3 Frequency of coding items in CSB1

subject, which focuses on the structural levels of organ-
isms, involves the study of structures at different scales,
from microscopic to macroscopic. The NBCS (7-9)
requires students to use microscopes in the laboratory
to observe various structures, such as cells, tissues, and
organs, and to summarize and present their findings
using schematics or models. As a result, this content
subject places a strong emphasis on developing students’
Action and Literacy. The supporting materials for CSB1
also mention the competencies of Cooperation/Collabo-
ration, Numeracy, Critical Thinking, and Learning to
Learn, which are not explicitly mentioned in the text of
the corresponding content subjects in the standards.

In CSB2, there are five competencies covered (Fig. 4).
The most common competency reflected in the NBCS
(7-9) is Action, which appears 12 times in the main
target, making up 48.0% of the total. Literacy appears
six times in the main target and once in the sub-target,
accounting for 28.0% of the total. Respect is reflected in

Foundational Skills, Attitudes, and Key Concepts Transformative Competencies and Compound
Literacies Values Competency Development Competencies

CSB1 14 3 1 27 0

CSB2 7 3 1 14 0

CSB3 6 19 0 29 2

CSB4 3 3 0 9 0

CSB5 10 15 0 18 0

CSB6 2 2 0 5 0

CSB7 34 21 0 49 0
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Fig. 4 Frequency of coding items in CSB2

the standards, once in the main target and twice in the
sub-target, making up 12.0% of the total. Responsibility
and Student Agency are also embedded in the stand-
ards. This content subject focuses on the classification
of species, collection of information, and outdoor inves-
tigations and emphasizes the importance of protect-
ing biodiversity, and compliance with relevant laws and
regulations, thus achieving the development of Action,
Literacy, Respect, and Taking Responsibility. The sup-
porting materials for this content subject also cover 14
competencies that are not reflected in the NBCS (7-9),
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Supporting materials

Critical Thinking
Problem Solving
Numeracy
Persistence/Resilience
Reflection

Data Literacy
Learning to Learn
Global Competency

ICT Literacy/Digital literacy

Literacy for Sustainable Development

including Physical/Health Literacy, Cooperation/Collab-
oration, Anticipation, Co-agency, Literacy for Sustainable
Development, etc.

In CSB3, there are 12 competencies covered in the
NBCS (7-9) (Fig. 5). Action is the most represented, with
a total of 25 coded items in the main target or sub-tar-
get, accounting for 49.0%. Problem-solving is also highly
represented, with five coded items in the main target and
nine coded items in the sub-target, accounting for 27.5%.
Respect and Literacy each have a total of four coded
items, accounting for 7.8% each. Creating New Value
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appears two times in the sub-target, accounting for 3.9%.
Global Competency, Literacy for Sustainable Develop-
ment, and Numeracy each have one coded item in the
main target or sub-target of the standards. The NBCS
(7-9) in this content subject requires students to collect
information related to ecosystems, design experiments
in groups to investigate the effects of the environment on
living things, record data, and write reports after analyz-
ing and summarizing. The content subject also involves
designing ecological bottles using interdisciplinary
knowledge and methods, which reflects the requirements
for Action, Problem-solving, and Respect and Literacy.
The supporting materials also reflect seven competencies
not presented in the corresponding content subjects of
the NBCS (7-9)NBCS (7-9), including Critical Thinking,
ICT Literacy/Digital Literacy, Physical/Health Literacy,
Student Agency, Co-agency, Reflection, and Persistence/
Resilience.

In CSB4, the NBCS (7-9) covers four literacy compe-
tencies (Fig. 6). Action is the most represented compe-
tency, appearing in the main target two times and in the
sub-target seven times, accounting for 60.0%. Problem-
solving appears three times in the sub-target, accounting
for 20.0%. Literacy is represented twice in the sub-target,
accounting for 13.3%. Physical/Health Literacy is also
represented once in the sub-target, accounting for 6.7%.
This content subject focuses on activities related to ani-
mal breeding and plant cultivation, requiring students to
create appropriate devices for observing and recording
the growth and development of living things. It also cov-
ers content related to human reproduction and develop-
ment during adolescence, requiring students to develop
good hygiene habits in response to the physical and psy-
chological changes that occur during this time. These
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Fig. 6 Frequency of coding items in CSB4
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activities emphasize the development of Action, Prob-
lem-solving skills, Literacy, and Physical/Health Literacy.
The supporting materials for this content subject also
reflect 11 competencies not mentioned in the curriculum
for the corresponding content subjects, including Data
Literacy, Co-agency, Critical Thinking, Empathy, etc.

The result of the analysis of CSB5 shows that there are
nine competencies covered in the NBCS (7-9) (Fig. 7).
Action appears the most frequently, with 11 appearances
in the main target and four in the sub-target, account-
ing for 34.9%. Problem-solving appears nine times in the
main target and three times in the sub-target, making
up 27.9%. Physical/Health Literacy appears eight times
in the sub-target, accounting for 18.6%. Creating New
Value appeared once in the main target and once in the
sub-target, making up 4.7%. Literacy appears twice in
the sub-target, accounting for 4.7%. Respect and Per-
sistence/Resilience each appeared once in the main tar-
get, accounting for 2.3%. The content subjects mainly
include inquiry experiments related to animal and plant
life, the human body, and health, which require students
to design experimental protocols or combine multidisci-
plinary knowledge to design experimental devices. The
12 competencies reflected in the supporting materials
and not embodied in the NBCS (7-9) are Data Literacy,
Numeracy, ICT Literacy/Digital Literacy, Critical Think-
ing, Reflection, etc. Among these, Data Literacy makes
up a relatively high percentage, with the textbooks and
the interpretation of curriculum standards often using
the form of analyzing data charts related to life activities
to draw conclusions to develop this competency.

In CSB6, four competencies are addressed in the NBCS
(7-9) (Fig. 8). The most frequent competency is Action,
which appears three times in the main target and two

Supporting materials

Empathy

Numeracy

Learning to Learn
Anticipation
Reflection
Persistence/Resilience

ICT Literacy/Digital literacy
Cooperation/Collaboration



Fig. 8 Frequency of coding items in CSB6

times in the sub-target, representing 55.6%. Literacy
appears 2 times in the sub-target, representing 22.2%.
Cooperation/Collaboration and Problem-solving both
appear once in the sub-target, representing 11.1% each.
This content subject primarily includes simulated experi-
ments to investigate the transmission of chromosomes
during reproduction and investigating phenomena
related to heredity, with students communicating and
discussing in groups during the process. This reflects the
development of Action, Literacy, Cooperation/Collabo-
ration, and Problem-solving. The supporting materials
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also mention 12 competencies, such as Anticipation,
Data Literacy, Numeracy, Persistence/Resilience, Criti-
cal Thinking, and Respect, with Anticipation appearing
more frequently. This competency is primarily developed
in this content subject through anticipating the origin
of life and the process of biological evolution through
information and making hypotheses in simulated genetic
experiments.

In CSB7, 14 competencies are covered (Fig. 9). Of these,
Action appears 18 times in the main target and 15 times
in the sub-target, making up 31.7% of the coding items
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in NBCS (7-9). Physical/Health Literacy also appears 18  Discussion

times in the main target and nine times in the sub-tar-
get, comprising 26.0%. Problem-solving appears three
times in the main target and ten times in the sub-target,
representing 12.5%. Taking Responsibility appears four
times in both the main and sub-target, accounting for
7.7%. Creating New Value appears two times in the main
target and six times in the sub-target, making up 5.8%.
Literacy appears one time in the main target and three
times in the sub-target, representing 1.92%. Additionally,
the curriculum includes a range of other competencies,
such as Cooperation/Collaboration, Data Literacy, Criti-
cal Thinking, Learning to Learn, and Reflection, etc. The
content subject covers a wide range of topics, mainly
requiring students to collect relevant information, inves-
tigate biology-related issues in society, and conduct bio-
technology-related experiments, such as the making of
yogurt and kimchi. It also includes using biology knowl-
edge to solve socially relevant problems in daily life, pro-
moting health-related knowledge, and developing a sense
of social responsibility, thus cultivating competencies
such as Action, Physical/Health Literacy, and Problem-
solving. The textbook and interpretation of the standards
reflect seven competencies that are not represented in
the NBCS (7-9), including Student Agency, Global Com-
petency, Literacy for Sustainable Development, Antici-
pation, Co-agency, Reconciling Dilemmas and Tensions,
and Media Literacy.

The result of the analysis shows that out of the 28 com-
petencies, 20 are mentioned in the content subjects cor-
responding to the Level 4 or Level 3 standards. These
include Literacy, Numeracy, ICT Literacy/Digital lit-
eracy, Data Literacy, Physical/Health Literacy, Coopera-
tion/Collaboration, Critical Thinking, Problem-solving,
Respect, Persistence/Resilience, Learning to Learn, Stu-
dent Agency, Co-agency, Creating New Value, Taking
Responsibility, Anticipation, Action, Reflection, Global
Competency, and Literacy for Sustainable Development.
This indicates that the Chinese Biology Curriculum
places a strong emphasis on these 20 competencies and
reflects their development in the core parts of the cur-
riculum standards, such as the content requirements,
academic requirements, and teaching tips. This aligns
well with the OECD 2030-oriented learning framework.
Further analysis reveals that Cooperation/Collaboration,
Respect, and Problem-solving are present in more than
half of the content subjects, while Literacy and Action are
present in all of the content subjects. This highlights the
importance that the NBCS (7-9) places on the develop-
ment of these competencies.

Some competencies, such as Empathy, Reconciling
Dilemmas and Tensions, and Media Literacy, are only
partially reflected in the interpretation of the curricu-
lum standards or the textbook, while Self-regulation/
Self-control, Trust, Computational Thinking/Coding/
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Programming, Financial Literacy, and Entrepreneurship
are not addressed at all in the NBCS (7-9) or the support-
ing materials. These competencies have weaker attributes
in biology compared to Action, Literacy, and Problem-
solving, which have more explicit requirements in the
curricula of other disciplines. Specifically, Empathy, Rec-
onciling Dilemmas and Tensions, Trust, and Self-regula-
tion/Self-control are more prominent in moral education.
For example, one of the main targets of National Ethics
and the Rule of Law Curriculum Standards (Grades 1-9),
is “to be able to independently regulate one’s emotional
fluctuations, to have good communication skills, and to
take the initiative to establish good interpersonal rela-
tionships” (Ministry of Education (MoE), 2022b, p.14),
reflects the requirement for Self-regulation/Self-control.
Computational thinking is more emphasized in informa-
tion technology education. For example, National Infor-
mation Technology Curriculum Standards (Grades 1-9)
put computational thinking as one of the key competen-
cies of the information technology discipline. In the main
target, students are required to “be able to define prob-
lems, analyze problems, organize data, formulate solu-
tions to problems using ideas and methods in the field of
computer science and reflect on and optimize them, use
simple algorithms to utilize computers, and use simple
algorithms to solve problems using computers” (Ministry
of Education (MoE), 2022c¢, p.6). Financial literacy and
Entrepreneurship may be more closely linked to disci-
plines related to the social sciences.

The result of the analysis of competencies in each
content subject shows that some competencies are not
reflected in the NBCS (7-9) but were present in the sup-
porting materials. In more than half of the content sub-
jects, the number of types of competencies reflected in
the supporting materials alone exceeded the number of
types of competencies present in the NBCS (7-9) alone.
This is partly because Chinese curriculum standards are
programmatic, coarse-grained documents that do not
contain much detail. Teaching materials are based on the
curriculum standards and can systematically reflect the
content of the subject, which is the materialization of the
curriculum standards. The interpretation of curriculum
standards is an aid to comprehensive analysis and inter-
pretation of the expectation, learning area, and academic
quality of the curriculum standards. Together, curricu-
lum standards, interpretations of curriculum standards,
and teaching materials together explain the requirements
for student development. Because of this, the supporting
materials’ text has more detail than NBCS (7-9) does,
making it simpler to reflect the standards for compe-
tency development.NBCS (7-9) It partly suggests that
each content subject has the potential to develop a more
diverse and comprehensive range of competencies for
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students. For instance, CSB6, which covers making infer-
ences about genetic phenomena and data computation
and analysis related to genetic evolution, can develop
Anticipation, Data Literacy, Computational Thinking/
Coding/Programming, and other competencies to some
extent.

To summarize, those involved in the development of
China’s curriculum standards can determine whether and
to what extent the OECD 2030-oriented learning frame-
work has been reflected in NBCS (7-9) by combining the
results of CCM analysis, and can then further revise the
curriculum standards in light of China’s actual environ-
ment and the trend of international curriculum reform.
It is possible to consider the compatibility of each com-
petency with various content subjects in light of the
distribution pattern of those content subjects and their
frequency, as well as to weigh the proportion of vari-
ous competency development in NBCS (7-9), to better
integrate those competencies with the curriculum. For
the eight competencies that are not directly required in
NBCS (7-9), it is important to think about how well they
fit with the nurturing characteristics of the biology dis-
cipline, and whether it is necessary to make the require-
ments for these competencies explicit in NBCS (7-9).
The outcomes of CCM analysis in other nations can also
be used to examine whether these competencies are
reflected in the learning standards for other nations’ biol-
ogy curricula.

The findings of the analysis of NBCS (7-9) can also
offer some general ideas and inspirations for develop-
ing and implementing curricula for other nations and
regions. Different competencies have different disci-
pline or content subject attributes. Nations or regions
can use CCM to fully understand and build a system of
future-oriented competency objectives and content sub-
jects, combine the unique characteristics and values of
that content subject in biology, identify the competen-
cies suitable for cultivation in each content subject, and
translate them into explicit and clear curriculum content
requirements in the NBCS (7-9), to better guide teach-
ers’ teaching and students’ learning.

As evidence, the analysis of NBCS (7-9) revealed that
Action, Literacy, and Problem-solving may be effec-
tively incorporated into the majority of content subjects.
These are probably skills that the biology curriculum can
work to improve. NBCS (7-9) The results of the analysis
indicate that Action is highly represented in all content
subjects, indicating its prominence in the NBCS (7-9).
Additionally, Literacy and Problem-solving are also con-
sistently emphasized, with a high level of representation
in the majority of content subjects. This can be attributed
to the practical and inquiry-based nature of biology as
a natural science, which requires students to engage in
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hands-on activities and investigations. The NBCS (7-9)
includes inquiry practice as a core component of com-
petency development in biology, as demonstrated by the
prevalence of laboratory and outdoor investigation activi-
ties that require Action. The design of research proposals
and the proposal of ideas or solutions to problems also
allow for the development of Problem-solving in biology
and across disciplines. Moreover, the opportunity for stu-
dents to express and communicate their findings through
written, oral, and visual forms, such as research reports,
models, and data visualizations, emphasizes the impor-
tance of Literacy in each content subject.

The result of the analysis also reveals that certain com-
petencies exhibit adaptability with specific content sub-
jects. For example, Physical/Health Literacy is more
prominently represented in content subjects CSB4,
CSB5, and CSB7, likely due to the inclusion of topics
related to physical and psychological changes during
adolescence, human health, and the formation of health
awareness and good habits in social life. Similarly, Global
Competency and Literacy for Sustainable Development
are more prominent in content subject CSB3, likely due
to the inclusion of topics related to ecological safety,
such as global climate change and environmental pol-
lution, which allow students to develop an awareness of
global interconnectedness and to analyze problems from
a global perspective while considering issues related to
ecological protection and sustainable resource utilization.

Limitations and research opportunities

This study aims to examine the extent to which the
OECD 2030-oriented competencies are reflected in the
seven content subjects of the NBCS (7-9). It should be
noted that this study only analyzed texts in the NBCS
(7-9) that have explicit content pointers, such as the
expectation section outlining the requirements for com-
petency within the discipline of biology. Therefore, it is
possible that this study may not fully reflect all of the
competencies present in the NBCS (7-9). While only
the most widely used biology textbook (Grades 7-9) in
China was analyzed, some competencies in other biol-
ogy textbooks could be missed. Additionally, the NBCS
(7-9) was recently revised in 2022, but the corresponding
textbooks have not yet been updated, so the result may
not fully reflect all of the competencies in Level 2. Future
research also could focus on examining the reflection of
competencies in the curriculum standards ranging from
elementary to high school, comparing the distribution
of competency across different levels, and conducting a
longitudinal comparative study from the perspective of
progression.
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Conclusions

This study used the OECD 2030-oriented competency
framework to examine the representation of competency
in the NBCS (7-9), created a mapping grid in an overall
perspective, and analyzed the representation of compe-
tency in each of the seven content subjects. The findings
of this study provide a review and reflection on the NBCS
(7-9) from the perspective of future competency, to fur-
ther revise and improve the curriculum standards. It
will also help other countries to learn from or draw on
the experience of reforming curriculum standards, and
to design curriculum standards at the upper level in the
light of the links between different disciplines, content
subjects and competency, to enhance the future key com-
petency of students.
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