
Liu et al. Discip Interdscip Sci Educ Res             (2024) 6:6  
https://doi.org/10.1186/s43031-023-00092-3

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Disciplinary and Interdisciplinary
Science Education Research

Development and validation 
of an instrument for measuring civic scientific 
literacy
Yuemei Liu1, Jian Wang1*, Zhimin Zhang2, Jingchun Wang2*, Tian Luo3, Shan Lin1, Jiaxin Li4 and Sumeng Xu1 

Abstract 

Civic scientific literacy (CSL) is a fundamental indicator of social development and national literacy and is very 
important for personal well-being and national competitiveness. To be in line with the technological advancements 
and demands of the current era, we focused on “science engagement”, which is now considered an important 
approach to enhance the CSL of the general public, and developed a 4-dimensional CSL assessment framework 
based on the crucial elements for citizens to engage in science. The 4 dimensions are scientific knowledge (SK), scien-
tific method (SM), problem-solving (PS), and scientific thought and spirit of science (STSS). With this framework, a CSL 
measurement instrument including 50 items was developed. Various validity evidence, including evidence with reli-
ability close to or exceeding 0.8 for all four dimensions, supports the use of the instrument to provide a valuation 
of CSL. Age, location type (urban or rural), educational background, and occupation are all significant factors associ-
ated with CSL.
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Introduction
Scientific literacy (SL) is a constantly evolving concept 
in both theory and practice (National Academies of Sci-
ences, Engineering, and Medicine, 2016). Since its pro-
posal in 1958, SL has been constantly redefined (Council 
of Canadian Academies, 2014; DeBoer, 2000; Miller, 
1983; National Academies of Sciences, Engineering, and 
Medicine, 2016; Norris & Phillips, 2003; OECD, 2017; 
Rutherford & Ahlgren, 1991; Shen, 1975). Although SL 

has received widespread attention and recognition as an 
important goal in education (especially in science educa-
tion) (Council of Canadian Academies, 2014; National 
Research Council, 1996; OECD, 2017; Rutherford & Ahl-
gren, 1991), there is currently no consensus on a defini-
tion of SL (DeBoer, 2000).

To assist in conceptualizing the variety of SL defi-
nitions, Roberts proposed two competing visions of 
SL. Vision I points to the scientific inner field from the 
perspective of scientists, emphasizing the disciplinary 
nature of science itself, including its products, processes, 
and characteristics. Vision II places more emphasis on 
the role of science in human affairs, including scientific 
thinking and activities (Roberts, 2010). Two visions rep-
resent two types of cultivation objectives. From the per-
spective of personal and social development needs, what 
we need is more people with SL, rather than dedicated to 
cultivating everyone into scientists. There is an undeni-
able huge gap between the general public and scientists 
(X. Liu, 2009). Liu believes that bridging the gap between 
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the scientific society and the general public requires 
every citizen to participate in issues related to science 
(Liu, 2013). He suggests incorporating “science engage-
ment” (SE) into the conceptual framework of SL, viewing 
it as vision III that transcends vision I and vision II. SE 
emphasizes the introduction of social, cultural, political, 
and environmental issues, aiming to cultivate the criti-
cal thinking, scientific communication, and consensus-
building abilities of every citizen (Liu, 2013). The three 
visions are interdependent and mutually reinforcing, but 
vision III emphasizes active participation and seeking 
solutions to the urgent problems facing the world today 
(Liu, 2013). The three visions provide us with references 
for clarifying different SL definitions and evaluating SL 
with different goal orientations.

Due to the different conceptual connotations of SL, 
there are also differences in the measurement elements of 
SL (Fives et al., 2014; Gormally et al., 2012; Miller, 1998; 
Naganuma, 2017; OECD, 2017). Among them, the civic 
scientific literacy (CSL) assessment for Miller among 
adults is widely concerned and used worldwide. Based 
on the three kinds of science literacy (practical, civic, and 
cultural) proposed by Shen (Shen, 1975), from a practi-
cal perspective, Miller focuses on CSL and believes that 
CSL is a knowledge level that can support individuals in 
reading current scientific news, reports from different 
formal channels, or watch scientific television programs, 
instead of a scientific understanding of the field of sci-
ence or engineering (Miller, 1983). He proposes three 
dimensions of CSL: scientific terminology and perspec-
tives, scientific principles and methods, and the impact 
of science and society (Miller, 1983). Based on this, the 
developed CSL assessment tool (Miller, 1998) is widely 
used in over 40 countries and organizations worldwide. 
The SL assessment for school-age adolescents mainly 
includes two major international projects: Trends in 
International Mathematics and Science Study (TIMSS) 
and the Program for International Student Assessment 
(PISA). TIMSS does not specify the general concept of 
SL but emphasizes that students should be able to take 
action on a solid scientific foundation when facing vari-
ous problems, to meet the requirements of the techno-
logical society for people’s abilities and higher levels 
of learning (Jones et  al., 2015). TIMSS is guided by the 
school’s science curriculum and evaluates science con-
tent, science significance, and science practices (Jones 
et al., 2015). All projects are textbook questions without 
context. PISA has clarified and continuously iterated 
the definition and assessment framework of SL (OECD, 
2019, 2017, 2023). According to PISA2015, SL refers to 
the reflective citizen’s capacity to engage in discussions 
about scientific issues, offer scientific insights, and fur-
ther interpret it as three competencies: the competency 

to scientifically explain phenomena scientifically, evalu-
ate and design scientific inquiry, and interpret data and 
evidence scientifically (OECD, 2017). PISA is oriented 
towards social needs and develops testing items based 
on specific contexts. So far, PISA has drawn participation 
from an increasing number of nations and areas.

From the perspective of three visions, Miller’s CSL 
assessment, which mainly examines scientific knowl-
edge, and TIMSS, which emphasizes the content of the 
scientific field, are consistent with vision I (Liu, 2013; 
Naganuma, 2017), while PISA, which focuses on differ-
ent scales of contexts, is mainly vision II (Liu, 2013). The 
evaluation of SL is not centered around SE. In today’s era, 
with the rapid expansion of information, the quick devel-
opment of technology, and the continuous prominence of 
socio-scientific issues such as global warming and geneti-
cally modified foods, higher demands have been placed 
on citizens’ SE. The newly included science identity in the 
recently released PISA2025 Science Framework (OECD, 
2023) emphasizes a special focus on sustainable develop-
ment and environmental education. It can be foreseen 
that in the future, there will be widespread attention to 
SL in the context of sustainability. Therefore, the concep-
tualization of CSL should be further developed. It is nec-
essary to emphasize SE and sustainability in CSL.

Based on the above considerations, we adopt the defi-
nition of “to understand the necessary scientific knowl-
edge, master the basic scientific method, establish 
scientific thought, advocate for the spirit of science, and 
have the ability to apply the above to practical problems 
and participate in public affairs” as defined by the State 
Council of PRC (The State Council of PRC, 2006). This 
definition focuses on SE and emphasizes sustainable 
development in scientific thought. The participation and 
resolution of issues is an important content and objec-
tive of SE. However, we realized that, in the process of SE, 
the scientific knowledge and methods widely concerned 
by existing SL assessments are necessary but insufficient, 
and it is also necessary to understand the nature of sci-
ence. At the same time, the common good qualities in 
scientific research, such as curiosity and thirst for knowl-
edge, pursuit of truth and innovation, play an impor-
tant role in arousing public interest in SE and effective 
problem-solving. More significantly, more consideration 
needs to be given to whether the existing approaches to 
challenging issues involving the integration of several 
disciplines, including science, society, and the environ-
ment, satisfy the criteria of sustainable development. The 
meaning and efficacy of SE depend on whether it satisfies 
the demands of sustainable development. In the current 
complex socio-scientific context, all these elements that 
play an important role in SE mentioned above should be 
included in the framework of CSL.
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However, only a portion of them (such as scientific 
knowledge and methods) has been given attention in 
former CSL assessments (Miller, 1998), while important 
content such as spirit of science and scientific thought 
of Scientific Outlook on Development are less present 
in existing CSL evaluation frameworks. Therefore, it 
is necessary to develop a CSL assessment instrument 
for adults based on vision III. This instrument fills in 
the key gaps left by the current assessments regarding 
effective SE by citizens. Further research is required in 
the development and design of instruments given the 
current emphasis on competency and situational liter-
acy needs.

In research on the evaluation of CSL, researchers have 
extensively focused on the factors associated with CSL. 
Past research findings indicate that urbanization, gender, 
and education have significant effects on CSL (Miller, 
1998; Ren et  al., 2013). For instance, by examining data 
from a 2016 survey of CSL in the United States, Miller 
found that educational attainment and exposure to col-
lege science courses were the two best predictors of 
CSL. He also noted that men, as compared to women, 
are more likely to have higher literacy levels (Miller, 
2016). According to data collected on CSL among Chi-
nese citizens, education, economy, and urbanization can 
all strongly influence the level of CSL (Tian & Dai, 2018). 
The data also revealed considerable gender (Zhang et al., 
2016) and geographic (Zhang et  al., 2013) disparities in 
CSL. According to Ren et  al. (Ren et  al., 2013), the dif-
ference in education systems and curricula between the 
United States and China affects their citizens’ CSL. An 
international comparative study revealed differences 
in CSL among individuals of different ages and occupa-
tions (Wu et al., 2018). Due to the differences in the con-
tent and dimensions of CSL assessment in the former 
research, it is necessary to further study the differences in 
CSL among different groups when developing measure-
ment instrument based on the reconceptualized CSL.

The goal, then, is to reconceptualize CSL, put SE at the 
core of CSL assessment, and put forth a framework that 
covers the necessary and important parts of evaluating 
effective SE. Based on this framework, we developed and 
validated a CSL assessment instrument, and discussed 
the differences of groups with different demography 
characteristics in CSL based on the assessment results. 
Based on this research objective, the specific research 
questions of this study are determined as follows:

(1) What evidence is available for the validity of the 
CSL measurement instrument?

(2) Is there any significant difference in the CSL of citi-
zens based on their demographic characteristics?

Conceptualizing of CSL
Conceptualizing the CSL and developing a framework for 
assessment are the fundamental aspects of instrument 
development. We have conducted an extensive review 
of the literature on SL and CSL, paying particular atten-
tion to how it is defined, the different elements that have 
been found, and the available tools for assessing it. The 
international comparative analysis lays the foundation 
for defining the connotation and extension of CSL and 
provides a reference for the construction of an assess-
ment system and the development of an assessment 
instrument.

The new era requires citizens to participate in various 
issues and public affairs through SE. Therefore, we follow 
the State Council’s definition of CSL (The State Council 
of PRC, 2006), emphasize SE, and point to SL’s vision III. 
We developed CSL with the idea that CSL is the corner-
stone of public health and well-being, the basis of social 
civilization and progress, and the essential assurance for 
the creation of a community of shared future and the 
long-term sustainability of human society as a whole. We 
combined the definition of CSL in this study, analyzed, 
compared and grouped the components of SL and CSL 
in relevant policy documents and extant literature, and 
identified the elements that are considered crucial to 
CSL. We believe that the public’s understanding of sci-
entific concepts and procedures, the demonstration of 
problem-solving abilities, and the spirit of science and 
thoughts demonstrated based on the aforementioned 
elements are all considered in the assessment of CSL. 
After experts’ review and multiple rounds of revisions, 
a four-dimensional assessment framework for CSL was 
developed, which incorporates scientific knowledge (SK), 
scientific method (SM), problem-solving (PS), and scien-
tific thought and spirit of science (STSS) (Table 1).

Table 1 Framework for the assessment of CSL

Dimension Elements

Scientific knowledge mathematics and information, 
matter and energy, life and health, 
earth and environment, engineering 
and technology

Scientific method observation and experimentation, 
induction and deduction, model 
representation

Problem-solving essential life and production skills, 
practical and reflective abilities, sci-
ence engagement (SE)

Scientific thought and spirit 
of science

Scientific Outlook on Development, 
nature of science (NOS), explora-
tion and persistence, rational-
ity and questioning, empirical 
and innovation
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From the process of citizens’ SE, the foundation and 
premise parts are SK and SM. SK includes five elements: 
engineering and technology, life and health, earth and 
environment, mathematics and information, and matter 
and energy. SM contains three elements: model repre-
sentation, induction and deduction, and observation and 
experimentation. The center part of CSL is PS, which also 
includes the following three elements: necessary life and 
production skills, practical and reflective abilities, and 
SE. STSS is an indispensable part of enabling the gen-
eral public to think about scientific issues like scientists 
from a broader perspective of sustainable development, 
which includes five elements, namely Scientific Outlook 
on Development, nature of science (NOS), exploration 
and persistence, rationality and questioning, and empiri-
cal and innovation.

Overall, to reach effective SE, in addition to SK and SM, 
citizens should also possess critical aspects of the spirit of 
science and a wider range of scientific thought to better 
solve problems and participate in decision-making.

Scientific knowledge
SK appears in almost all SL visions (Carlson, 2008; Liu, 
2013; Mc Eneaney, 2003). The SK discussed here is often 
of content knowledge, and is the foundation of SE. The 
first dimension in the framework, SK, is the funda-
mental dimension of CSL (Norris & Phillips, 2009). SK 
reflects the understanding of the main facts, concepts, 
and explanatory theories that form the basis of scientific 
knowledge, including the basic internal knowledge of 
mathematics and information, matter and energy, life and 
health, earth and environment, engineering and technol-
ogy that the public should possess to meet the needs in 
life and production.

SK, which is the static component of science, is the end 
product of scientific investigation. SK consists of facts, 
concepts, laws, hypotheses, theories, and models. It can 
also be separated into earth and space science, material 
science, and life science, depending on the research sub-
ject (E. Liu, 2009). The understanding of SK is the most 
basic and important part of CSL. Students cannot further 
develop science-related skills, practice science, utilize 
science to solve issues, or take part in decision-making 
without the necessary knowledge base and a proper and 
clear understanding of science.

Scientific method
While the first dimension emphasizes the knowledge of 
nature and technology, this second dimension refers to 
the way to SK. Science is a body of knowledge based on 
rationality and criticism, and its essential feature is the 
method of constructing knowledge (Mönch & Markic, 
2022). SM is a series of logical investigation processes 

adopted by subjects engaged in scientific activities to 
raise and answer specific questions about nature (Mönch 
& Markic, 2022). Science can be recognized (Galloway, 
1992) by the questions it asks and the way it answers 
them in an attempt to produce a knowledge system 
(Mönch & Markic, 2022) that is not influenced by indi-
vidual beliefs, perceptions, values, attitudes, and emo-
tions. To study things in nature and find patterns in 
nature or life phenomena, scientists need to explain or 
discover them through observation, experimentation, 
and analytical reasoning. The process by which scientists 
acquire knowledge, that is, the scientific process, is a set 
of methods to study and solve natural problems and is a 
dimension of scientific dynamics. For the layman, under-
standing how science works may be more useful than 
understanding its results (Galloway, 1992).

The basic methods and skills required to engage in sci-
entific practice, such as the capacity to engage in inquiry, 
demonstration, scientific research, operation, etc., are 
included in the framework for SM. Understanding the 
methodologies and processes used in scientific research 
is a major component of SM assessment. The public 
should be able to apply scientific methods such as obser-
vation, experimentation, induction, deduction, mod-
eling, and so on to assess and solve scientific problems. 
They should also be able to understand the relationships 
between these approaches.

Problem‑solving
One important area of developing CSL is the ability to 
integrate science into daily life, particularly the application 
of science to address problems in daily life (DeBoer, 2000). 
The ability to develop social science decision-making and 
scientific problem-solving skills is more important than 
an  understanding of basic content knowledge (Holbrook 
& Rannikmae, 2009). Problem-solving points to the final 
application elements of the improvement of CSL. Citizens 
can use the contents above to solve problems encountered 
in life and take part in social decision-making when they 
possess the necessary SK, the corresponding SM, and the 
ability to connect science with various disciplines and 
society. For example, they can use the above contents to 
select the best self-rescue method in the event of emer-
gencies like earthquakes. They can also make decisions on 
socio-scientific issues considered to be an essential part 
of scientifically literate citizens (Bell & Lederman, 2003; 
Kolstø, 2001; Zeidler et al., 2002). For example, they can 
engage in debates and dialogues regarding some societal 
issues, such as global warming, and provide their persua-
sive views based on science.

Therefore, in this framework, the assessment of PS 
focuses primarily on the ability to analyze and resolve 
real-world problems as well as critical skills in life and 
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production. In daily life and production, citizens are 
expected to master necessary skills related to health, 
first aid, emergency avoidance, travel, and safety pro-
duction, and be able to use common household elec-
trical appliances safely. When analyzing and solving 
problems, scientifically literate individuals can utilize 
relevant SK and SM, constantly reflect and adjust their 
thinking, collect and analyze evidence, make judgments 
based on the evidence, and propose scientific and rea-
sonable solutions. When required, a scientifically lit-
erate citizen should be able to work with others to 
address difficulties, communicate clearly, and make an 
effort to agree.

Scientific thought and spirit of science
STSS is a crucial part of citizen SE, although it is lacking 
in existing assessments. The dimensions of STSS mainly 
include an understanding of NOS, Scientific Outlook on 
Development, and spirit of science.

Science education researchers have long argued that 
a key component of CSL is NOS. NOS is the inherent 
values and assumptions of science (Lederman, 1992). 
Understanding NOS entails being aware of what it is, 
what qualities it possesses, and how to tell science from 
pseudoscience plays an important role in the develop-
ment of CSL. When discussing CSL, it is important to 
address the creativity and potential consensus on the 
nature of science derived from scientific history and phi-
losophy (Chakravartty, 2022), which can help citizens 
develop more favorable attitudes toward science. NOS 
here refers to:

(1) Recognizing that science is a dynamic field that is 
continually evolving; imagination and creativity can 
have an impact on how science develops.

(2) Recognizing how science, technology, society, and 
the environment are interconnected and influence 
one another.

Scientific Outlook on Development refers to using the 
concepts of ecological civilization and sustainable devel-
opment to guide personal decision-making and empha-
sizes the thought of sustainability in a complex global 
environment (The State Council of PRC, 2008). It is an 
important prerequisite for citizens’ SE.

Spirit of science is a group of clustering features from 
human values, personality traits, cognition preference, 
and habitual behavior that scientists demonstrate in their 
research efforts (Zhou et  al., 2018). Its core attribute is 
the pursuit of truth. Specifically, possessing spirit of sci-
ence means that an individual possesses the following 
excellent scientific research qualities (Educational Policy 
Commission, 1970; Zhou et al., 2018):

(1) Exploration and persistence- having a curiosity and 
thirst for knowledge about scientific phenomena or 
things, and being able to correctly face difficulties 
and persevere in the exploration process.

(2) Rationality and questioning- being able to analyze 
and solve problems based on logic, not supersti-
tious about authority, respecting facts, daring to 
question one’s own and others’ viewpoints, and 
being willing to accept questioning from others.

(3) Empirical and innovation- in the process of analyz-
ing and solving problems, one can obtain evidence 
based on observations or experiments to test view-
points and have the awareness of exploring new 
ideas and methods, striving for excellence.

The emphasis of STSS encourages an inquiry-based 
mindset, nurtures critical thinking, acknowledges and 
appreciates the positive impact of scientific research on 
social advancement, and emphasizes the fact that scien-
tific findings can have both positive and negative effects.

Based on the above conceptualization of CSL, the 
next step is to develop, and validate the CSL assessment 
instrument, and explore the differences between people’s 
CSL of various demographic parameters.

Methods
Item pool development
Context has played an important role in the assessment of 
SL in recent years (Naganuma, 2017; OECD, 2017, 2019). 
Developing tools for assessing abilities and literacy based 
on context has become a new trend. The vision III of 
CSL emphasizes the characteristics of the contexts with 
a scientific component (X.  Liu, 2009, 2013). According 
to the cognitive perspective of situated cognition theory, 
item development aimed at evaluating people’s cognitive 
level should be based on the specific context created. CSL 
(especially SM, PS, and STSS) has a robust internal reces-
siveness that needs to be activated in specific contexts to 
induce the explicit. In other words, CSL is appropriate 
for assessment based on contexts. To allow participants 
to concentrate and reflect on SK, SM, and STSS via PS 
in context, we suggest a context-based item development 
approach (Fig. 1). This approach places specific items in 
an authentic context. Researchers will develop corre-
sponding research ideas based on scientific phenomena 
and problems, conduct research to provide results and 
explanations, and actively promote their applications. SK, 
SM, PS, and STSS are all required when proposing and 
carrying out research ideas, constructing conclusions 
and explanations, and promoting applications. There is 
a significant link between “doing science” and “using sci-
ence,” even if not everyone is a scientist or can pursue a 
scientific career. People choose to learn to “use science” 
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and think like scientists without having to “do science” 
by directly participating in scientists’ scientific research 
processes. This is an essential way to develop CSL. From 
this perspective, the development approach for items is 
feasible.

Context is an important carrier for achieving test 
objectives and a vital factor for arousing participants’ 
interest and effectively activating their cognition. The 
contexts of items are based on citizens’ production and 
lives, pointing to authentic scientific phenomena and 
problems familiar to citizens, being unbiased in terms of 
gender, ethnicity, race, etc., and having universality and 
fairness. The breadth of SK is an integral part of CSL. 
However, in specific contexts, there are often fewer cate-
gories of knowledge that can be examined. Based on this, 
we have developed three types of items:

(1) Single items without contexts using a true or false 
question format, used to explore the breadth of SK.

(2) Single items that are presented with contexts and 
no correlation, are used to examine SM and PS. 
They are all multiple-choice questions.

(3) Item sets that are based on a specific context and 
arranged in a particular logical order (such as the 
course of scientific research). Item sets include 
multiple-choice questions and five-point Likert 
scale questions and be used to examine SM, PS, and 
STSS.

The first type of items without context all use a true 
or false question format, with scores assigned as 0 or 1. 
Given that the assessment of CSL with SK as the core 
has a long history and rich experience, we reviewed and 
learned from previous items on the SK assessment. To 
facilitate comparison with previous assessment data, 
some of the existing items are adopted in the instrument. 
For example, “Earth goes around the Sun once every year,” 

“Light travels faster than sound,” and “The continents on 
which we live have been moving their locations for mil-
lions of years and will continue to move in the future,” 
which continue to appear in the CSL assessment in the 
United States and China (Miller, 2000). These items are of 
good quality, and the SK in them is still at the basic level 
of the SK system, which is central to measuring the pub-
lic’s understanding of science (Miller, 2000; Miller, 2022; 
Wu et  al., 2018). Therefore, these items are referenced 
and retained. Simultaneously, we also keep track of cur-
rent scientific research developments and have chosen 
recent scientific findings of general interest, such as clean 
energy,  5th Generation mobile communication technol-
ogy (5G), and chips, to be covered by the study. Examples 
include “Solar energy is a type of sustainable and clean 
energy” and “The 5th Generation Mobile Communica-
tion Technology (5G) transports signals through electri-
cal waves”.

For items with context, we drew inspiration from 
the design of large-scale international testing projects 
(OECD, 2019). Contextual single items serve primar-
ily as anchors for specific links in the scientific research 
process and construct tasks based on crucial context 
information and the dimensions to be assessed. These 
types of items are all multiple-choice items. For example, 
Item 24 (Fig. 2) provides the context of sugar block dis-
solution that citizens often encounter in their daily lives 
and aims to examine the “observation and experimenta-
tion” elements of the SM dimension. Based on the inten-
tion of the item, the task and option settings of the item 
have been clarified. The operations in the options are 
commonly seen or used by citizens during the observa-
tion and problem-solving process of the “sugar block dis-
solution” phenomenon. Only the first option is correct. 
Therefore, when assigning Rasch scores, assign the first 
option a value of 1 and the other options a value of 0. 
Although the incorrect options are interference ones, it’s 

Fig. 1 Context-based item development approach
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also frequently occurring operations. It should be noted 
that we have always chosen contexts that are familiar, 
appropriate, and fair to citizens for item design.

Contextual item sets often involve a hot topic that is 
heavily debated in society, the subject of in-depth sci-
entific study, and one that is well-known to the general 
public. While the latter provides a foundation for writ-
ing items that meet the level of citizens’ cognition, the 
former offers rich materials and crystal-clear logical 
chains for organizing several items in item sets. Accord-
ing to the characteristics of the proposed evaluation 
dimension and context, the item set includes multiple-
choice items and 5-point Likert scale items. A portion 

of a 13-item item set is shown in Fig.  3. Global climate 
change and carbon dioxide emissions serve as the context 
for this item set. Global, regional, and personal concerns 
all revolve around the hot issue of global warming. It is 
anticipated that it will continue to be a subject of ongo-
ing concern for many groups for a sizable period in the 
future, including researchers, regular people, and govern-
ment decision-makers. Scientists have studied the topic 
of global climate change extensively over the last few 
decades, developing a variety of viewpoints and adaptive 
understandings. It may be said that the item set created 
based on this circumstance has some justice and stabil-
ity, given the universality and consistency of the research 

Fig. 2 Sample of a single item (Item 24) with context

Fig. 3 Part of the sample item set
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and conversation on this topic. Furthermore, this item set 
can serve as effective items for assessing CSL for a long 
time. A graph of the changes in the average global tem-
perature and atmospheric carbon dioxide concentration 
since 1880 is shown in Item Q1 in Fig. 3. The task is to 
examine the relationship between the two variables. Only 
the second option is correct. Therefore, when assigning 
Rasch scores, assign the second option a value of 1 and 
the other options a value of 0. To respond to this ques-
tion, participants must summarize and evaluate the rela-
tionship between the two curves based on the graph’s 
evidence of their shifting trends. Moreover, SM’s “induc-
tion and deduction” elements are examined in this item. 
Two positions on global warming were presented in Item 
Q2, and participants could indicate whether they agreed 
or disagreed with the two positions. Item Q2–1 requires 
participants to express their opinions on the credibility 
of the two different viewpoints and evaluates the “ration-
ality and questioning” elements of the STSS dimension. 
Item Q2–2 requires participants to describe their desire 
to participate in scientific dialogue between two perspec-
tives and evaluates the “science engagement” elements 
of the PS dimension. For Q2–1 and Q2–2, during Rasch 
scoring, “Agree” and “Strongly agree” were reassigned as 
1, while others were assigned as 0.

We closely adhered to the evaluation indicator frame-
work during the item development process to maintain 
consistency between the item and each dimension. All 
of the items underwent three rounds of discussion and 
improvement after being drafted, resulting in an item 
pool that included all dimensions and elements.

Pilot study
Fifty people aged between 18 and 70 were randomly cho-
sen for the pilot test, to preliminarily explore the distri-
bution of various options in the test questions and the 
required duration of the test (approximately 30 minutes). 
Then, 10 participants were selected for additional cogni-
tive interviews to further explore their understanding of 
the items.

Data source
Data from a random sample were gathered via online 
questionnaires. Online surveys are a feasible method, 
as evidenced by the 74.4% Internet penetration rate 
(CNNIC, 2022) and the current practice of network col-
lection-based nationwide CSL surveys in China. The data 
was collected from April to May 2022 using a popular 
survey app in China that generated and randomly distrib-
uted 603 anonymous survey questionnaires, in which 578 
valid responses were kept after data cleaning. The demo-
graphic details of the valid samples are shown in Table 2. 

362 females and 216 males made up the sample. Their 
ages ranged from 18 to 70.

Data analysis
Combining item difficulty and person ability on one 
unit (logit), the Rasch model offers a reliable method 
for assessing latent human qualities (Boone et al., 2014). 
Rasch’s modeling method predicts that for each item, a 
person with high ability should be more likely to pro-
vide the correct answer than a person with poor ability 
and that for any individual, their performance on easy 
items should always be better than that on difficult ones. 
In human research and education, Rasch analysis is fre-
quently employed (Boone et al., 2014; Lamar, 2012). Since 
2007, China has been in line with international standards 
and started using the IRT method for calculating the CSL 
score, which is an effective way to gauge CSL (He, 2019; 
Miller, 1998). Rasch analysis in IRT was thus a logical 
choice for our study.

ConQuest combines a variety of item response mod-
els into a single computer program that can fit item 
response and potential regression models. The multidi-
mensional item response model can be used to analyze 
items intended to generate measures on up to 10 poten-
tial dimensions (Wu et al., 2007). Two multidimensional 

Table 2 Demographic information of the valid sample

Characteristics N Percent

Gender Female 362 62.63%

Male 216 37.37%

Age <20 years 27 4.67%

20–29 years 135 23.36%

30–39 years 155 26.82%

40–49 years 206 35.64%

50–59 years 38 6.57%

60–70 years 17 2.94%

Location Type Urban 465 80.45%

Rural 113 19.55%

Educational Background Primary school and below 8 1.38%

Junior middle school 20 3.46%

Senior high school (second-
ary junior college, technical 
school)

84 14.53%

College degree 122 21.11%

Bachelor’s degree 316 54.67%

Master’s degree or above 28 4.84%

Occupation Have a job 326 56.40%

No job 117 20.24%

Students waiting for further 
study

124 21.45%

Retired personnel 7 1.21%

Inability to work 4 0.69%
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Rasch measurement designs are named between-item 
design and within-item design. Unlike the latter, where 
each item can be used as an indicator of numerous 
potential dimensions, each item in the former can only 
be used as an indicator of one potential dimension (Wu 
et  al., 2007). The two designs mentioned above can be 
subjected to a fitting validation examination by Con-
Quest. Each item on the multidimensional between-item 
design instrument for this study only aims to evaluate 
one potential dimension. Based on our conceptualization 
of CSL, we used the Rasch partial credit model to verify 
the instrument. In particular, the fit statistics and reliabil-
ity of the instrument were closely examined. We learned 
about the quality of each item through Winstep to better 
support instrument validation because Winstep can pro-
vide more information.

We optimized the items based on experts’ reviews and 
cognitive interviews and ultimately selected 54 items for 
the test. We first calculated the ability values of the par-
ticipants in four dimensions using ConQuest to compare 
the differences in CSL among people of different genders, 
ages, location types (urban or rural), educational back-
grounds, and occupations. We then used SPSS22.0 for 
analysis, confirmed that the variables did not conform 
to Normal distribution, and proceeded to use a nonpara-
metric test for further analysis.

Validation of the instrument
According to the Standards for Educational and Psy-
chological Testing (American Educational Research 
Association et al., 2014), five different types of evidence 
may support a validity argument based on test content, 
response process, internal structure, relations to other 
variables, and consequences of testing. We argue that 
data generated through the instrument for measuring 
CSL can be used to valid inferences about their CSL. 
Under this premise, we focused on the validity evidence 
based on test content, response process, and internal 
structure of the instrument for measuring CSL.

Evidence based on test content
To improve content validity, we conducted two rounds of 
expert reviews on the framework and one expert discus-
sion on the tool.

The first expert review is to collect experts’ opinions 
on the description of important components of the con-
notation and extension of CSL. 28 experts from China, 
the United States, Malaysia, Pakistan, Turkey, and other 
countries in the fields of science research, science edu-
cation, science popularization, and science and technol-
ogy were invited to participate in a questionnaire survey 

on the importance of determining the meaning of CSL 
and its four dimensions of elements and behaviors. The 
questionnaire consists of 51 items using the 5-point 
Likert scale, with a score of 5 representing the highest 
degree of importance. The Cronbach’s alpha coefficient 
is 0.824 and indicates the questionnaire has high reliabil-
ity. Based on the judgment basis of experts’ responses to 
the questionnaire (including practical experience, theo-
retical knowledge, domestic and foreign peer research, 
and intuitive perception), as well as their familiarity 
with CSL, the authoritative coefficient (Cr) of experts 
is determined, mainly distributed in the range of 0.802 
to 0.901(all greater than 0.8) (Wu et  al., 2022), indicat-
ing that experts have a relatively high level of authority 
and have a high level of credibility in their responses to 
the questionnaire. All items have a high average impor-
tance score, and experts believe that the vast majority of 
items are very important. The coefficient variation (Cv) 
of 45  items out of 51  items is less than 0.2 (Wu et  al., 
2022), indicating that experts have a relatively consist-
ent level of agreement with the specific descriptions of 
the four dimensions. Based on this, a consensus has been 
reached on the four important components of CSL and 
their descriptions.

Thirty experts in the fields of science education, measure-
ment and evaluation, scientific literacy research, scientists, 
and engineering technicians were invited to evaluate the 
structure and completeness of the assessment framework. 
The questionnaire consists of 13 items, using a 5-point 
Likert scale, with 5 representing the highest level of rec-
ognition. Among them, one item is used to investigate the 
overall structural rationality of the CSL evaluation frame-
work, with each dimension containing three items, respec-
tively exploring the completeness, accuracy, and testability 
of the description of the dimensions. The survey results 
show that experts have a high level of recognition for the 
overall and various dimensions of the CSL framework.

To ensure the content validity of the instrument, we 
invited 25 experts from 12 countries including China, 
Israel, Singapore, Australia, etc. to review the items in the 
form of online meetings. They proposed improvement 
suggestions for the effectiveness of the items, including 
the scientificity, fairness, and consistency between the 
items with the corresponding indicators. Based on the 
experts’ opinions, we revised some items, including fur-
ther refinements have been made to the wording of some 
items, converting relevant content and expressions into 
a more understandable way for the general public, and 
revising or deleting items that may be influenced by pub-
lic ideology during the investigation.
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Evidence based on response processes
The response process refers to the cognitive process of 
survey participants, that is whether the interpretation of 
the items by participants aligns with the intended inter-
pretation of items of items by test developers (American 
Educational Research Association et al., 2014). The cog-
nitive interview is a widely used qualitative survey devel-
opment method for questionnaire design. Its purpose 
is to gain insights into whether the respondent’s under-
standing of the survey items aligns with the intentions of 
instrument developers (Willis, 2005) and can provide evi-
dence of instrument development validity based on reac-
tion processes. To ensure that the wording of the items is 
understandable to the target person and conforms to the 
intention of instrument development, we selected 3 peo-
ple aged 18–30, 4 people aged 31–50, and 4 people aged 
51–70 in the pilot study, and conducted three focus group 
cognitive interviews to determine any problems related 
to the items in terms of language understanding, appro-
priateness, etc., and revised any complex and incompre-
hensible words or phrases in the items marked by the 
interviewees. According to the interviews, all of items the 
were understandable and their answers  reflected their 
real opinions.

Evidence based on internal structure
The internal structure is the extent to which the instru-
ment conforms to the constructs and covers the instru-
ment’s dimensionality and item functioning (American 
Educational Research Association et al., 2014). Item func-
tioning refers to internal consistency, item-total and 
interitem correlations, etc. Here, we mainly present 
validity evidence based on internal structure by provid-
ing fit statistics, Wright Map, reliability, and correlation 
between SCL dimensions (Rios & Wells, 2014).

Fit statistics
In Rasch analysis, item functioning is usually checked 
through fit statistics. The standardized residual, which 
is the difference between the observed response and 
the expected response under the model, is the main 
input in Rasch’s goodness of fit analysis (Wright & 
Masters, 1982). Both unweighted and weighted MNSQ 
are important indicators of fit statistics, with an accept-
able range of 0.6 to 1.4 (Bond & Fox, 2015). The former 
is more sensitive to outliers, whereas the latter is more 
sensitive to aberrant response patterns near item dif-
ficulty or person ability. Through ConQuest, the item 
fit was examined to check whether the items met the 
criteria. According to Table  3, unweighted MNSQ 
greatly surpasses 1.4, and the vast majority of T-values 
far exceed 2, which indicates poor fitting of these four 

items (DEL1-DEL4). The change in Cronbach’s alphas 
if an item was deleted, the description and dimensions 
of the items, and the information gathered from inter-
views were all taken into account when deciding how 
to handle (whether to retain or delete) these items. In 
the end, these four items were removed to improve 
model fit and reliability.

Winstep was used to examine each item, and Fig.  4 
displays the Item Characteristic Curve (ICC) of Item 45. 
The horizontal axis represents the difference between 
the person’s ability and item difficulty. Theoretically, the 
larger the difference, the more likely it is to receive a 
higher score. The probability that a score will fall within 
that range is shown on the vertical axis. When two 
curves overlap, it indicates that there is an equal chance 
that reactive participants will receive two scores. Each 
rating curve should have an identifiable ‘peak,’ showing 
the most likely score for participants within that abil-
ity range. The peaks of the curves should ideally appear 
in numerical sequence, and each curve should suitably 
span a specific ability area. From Fig.  4, the “Level 1” 
curve in Fig. A is in reverse order to the intersection of 
“0” and “2” and lacks notable peaks. Both the Infit and 
Outfit MNSQ at level 1 exceed the acceptable range of 
1.4 (Bond & Fox, 2015), indicating a problem with hori-
zontal division. We then combined the original level 
1 with level 0 and adjusted level 2 to level 1 based on 
responses and the item descriptions. After horizontal 
division adjustment, Fig. B demonstrates that the ICC 
and fit statistics perform well, suggesting that the revi-
sion is appropriate.

The final instrument consists of 50 items in total 
after the five items have undergone the aforementioned 
adjustments, of which SK, SM, PS, and STSS each 
include 23, 7, 8, and 12 items. The multidimensional 
Rasch model in ConQuest is then used to analyze four-
dimensional data. According to the findings (Table  4), 
both the weighted and unweighted MNSQ of each item 
falls within the permitted range of 0.6 to 1.4 (Bond & 
Fox, 2015). The great majority of items have T-values 
that fall in the permissible range of − 2 to 2 (Bond & 
Fox, 2015). We first look at and rely more on MNSQ 
because the T-value heavily depends on sample size, 

Table 3 Fit statistics of items with poor fit

Item Dimension Unweighted Weighted

MNSQ T MNSQ T

DEL1 SM 1.82 8.0 1.31 4.5

DEL2 PS 1.85 8.3 1.29 3.6

DEL3 STSS 1.84 8.2 1.18 1.8

DEL4 STSS 1.56 5.8 1.42 7.1
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and this study has a large sample size of 578 people. 
As long as the MNSQ value is within an acceptable fit 
range, we ignore the T-value (Boone et al., 2014). Over-
all, all of the instrument’s items generally fit the four-
dimensional Rasch model well, indicating good validity 
to measure CSL.

Wright map
To intuitively convey the ability estimation of the person 
and the difficulty distribution of the item, as well as their 
corresponding degrees, the Wright map, also known as 
the person-item map, can place the difficulty of the item 
and the ability of the person on a Rasch scale (Boone 
et  al., 2014). The Wright map of this study is shown in 
Fig. 5, where each “X” denotes 5.6 cases, and the four ver-
tical lines represent the four dimensions of CSL. Person’s 
ability increases gradually from bottom to top. Figure  5 
displays a good distribution of people throughout 5 to 6 
logits in each dimension. On the right side of the verti-
cal line is the distribution of item difficulty, which ranges 
from − 2 to 2 logits, basically covering people with dif-
ferent ability. The findings demonstrate that, despite a 
lack of items measuring high and low levels of person’s 
ability, the instrument generally meets the requirements. 

The application of this instrument could help depict the 
distribution of a group’s ability in CSL.

Reliability
Separation reliability is an indicator of reliability used to 
evaluate the instrument’s characterization ability on dif-
ferent dimensions. According to the findings through 
ConQuest, the instrument has a separation reliability of 
0.985, which means that the characterization ability in 
multiple dimensions can successfully separate people’s 
ability. By measuring scores on a particular dimension, 
EAP/PV reliability demonstrates the capacity to dis-
cern between various cognitive ability. Table  5 displays 
the total number of items and EAP/PV reliability in the 
instrument’s four dimensions. According to Table 5, the 
EAP/PV reliability distributions for the four dimensions 
range from 0.779 to 0.825, all higher than or close to 0.8, 
which indicates good reliability. Overall, the tool satis-
fies the criteria for reliability in science research and has 
good reliability as a whole and in different dimensions. 
Additionally, it shows that the multidimensional Rasch 
analysis technique has been properly implemented.

Fig. 4 The Item Characteristic Curve (ICC) of Item 45 before and after the revision of the rating level. (A is before the item revision, while B 
is after the revision)
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Table 4 Estimate, Error, and Fit statistics of items in the revised instrument of CSL. (An asterisk next to a parameter estimate indicates it 
is constrained)

Item Estimate Error Unweighted Weighted

MNSQ T MNSQ T

1 SK_01 0.148 0.095 1.16 1.9 1.08 1.3

2 SK_02 −0.372 0.099 0.85 −1.9 0.95 −0.6

3 SK_03 0.426 0.076 1.06 1.1 1.05 1.5

4 SK_04 0.151 0.095 1.10 1.2 1.06 1.1

5 SK_05 1.281 0.092 1.13 1.6 1.07 1.5

6 SK_06 −0.463 0.082 1.05 0.9 0.97 −0.5

7 SK_07 −0.551 0.100 0.86 −1.7 0.99 0.0

8 SK_08 1.035 0.075 1.10 1.7 1.07 2.0

9 SK_09 −0.388 0.081 0.80 −3.6 0.88 −2.5

10 SK_10 0.837 0.075 1.20 3.2 1.15 4.5

11 SK_11 0.375 0.076 1.07 1.2 1.06 1.8

12 SK_12 0.418 0.076 0.97 −0.5 0.98 −0.4

13 SK_13 0.110 0.095 0.94 −0.7 0.99 −0.2

14 SK_14 −0.737 0.102 0.62 −5.3 0.83 −1.8

15 SK_15 0.067 0.095 0.92 −0.9 0.93 −1.1

16 SK_16 −1.028 0.103 0.70 −4.0 0.85 −1.6

17 SK_17 −0.480 0.098 0.75 −3.2 0.86 −2.1

18 SK_18 −0.377 0.097 0.86 −1.7 0.89 −1.7

19 SK_19 −1.051 0.103 0.90 −1.3 0.93 −0.7

20 SK_20 −0.294 0.096 1.06 0.8 1.07 1.1

21 SK_21 0.360 0.093 1.12 1.4 1.04 0.8

22 SK_22 0.362 0.093 1.01 0.1 1.01 0.3

23 SK_23 0.172* 0.429 0.86 −1.8 0.90 −2.1

24 SM_01 0.334 0.080 0.96 −0.6 0.99 −0.1

25 SM_02 −0.275 0.081 0.77 −4.2 0.86 −3.4

26 SM_03 0.909 0.098 0.96 −0.4 1.00 0.1

27 SM_04 −1.864 0.113 0.79 −2.7 1.00 0.0

28 SM_05 1.184 0.101 1.02 0.2 0.98 −0.3

29 SM_06 0.350 0.098 1.39 4.2 1.28 4.5

30 SM_07 −0.638* 0.234 1.10 1.2 1.03 0.6

31 PS_01 −1.463 0.101 0.81 −2.5 0.92 − 1.0

32 PS_02 0.664 0.079 0.80 −3.6 0.88 −2.8

33 PS_03 0.553 0.094 0.93 −0.9 0.98 −0.4

34 PS_04 −0.032 0.094 0.98 −0.3 0.99 −0.1

35 PS_05 −1.136 0.096 0.95 −0.6 0.99 −0.1

36 PS_06 0.958 0.099 1.29 3.2 1.05 0.7

37 PS_07 0.418 0.095 1.35 3.8 1.28 4.5

38 PS_08 0.038* 0.249 1.00 0.0 1.00 0.1

39 SS_01 0.696 0.099 1.24 2.7 1.10 1.5

40 SS_02 −1.258 0.104 1.33 3.7 1.17 2.1

41 SS_03 0.754 0.099 1.16 1.9 1.11 1.7

42 SS_04 −0.861 0.101 0.95 −0.6 0.96 −0.6

43 SS_05 1.076 0.101 1.11 1.3 1.06 0.9

44 SS_06 −1.381 0.104 0.79 −2.7 0.96 −0.5

REV45 SS_07 −0.258 0.099 1.08 1.0 1.13 2.0

46 SS_08 −0.238 0.099 0.76 −3.1 0.81 −3.3

47 SS_09 0.898 0.103 1.27 3.0 1.21 2.9
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Correlation between dimensions of CSL
By providing the opportunity to fit a multidimensional 
item response model, ConQuest allows for evaluat-
ing correlations between potential variables, reflecting 
the relationships between various dimensions in Rasch 
measurements through correlation. Table  6 shows the 
correlation (values below the diagonal) of the CSL sub-
dimensions generated by ConQuest. The correlation 
range between dimensions ranges from 0.676 to 0.877. 
Specifically, the correlation coefficients between SK and 
SM, as well as between SM and PS, are 0.836 and 0.877, 
both greater than 0.8, indicating a high degree of corre-
lation; The correlation coefficients between SK and PS, 
SK and STSS, SM and STSS, and PS and STSS are 0.782, 
0.696, 0.676, and 0.799, respectively, all greater than 0.5, 
indicating a moderate correlation (Bond & Fox, 2015). 
The correlation between any two dimensions is statisti-
cally significant (df = 46, P<0.05) and is still within the 
acceptable range of 0.3 to 0.9 (Lin et  al., 2019), indicat-
ing that there is sufficient discriminant validity between 
dimensions.

Impact of demographics factors on CSL
The nonparametric test results seen in Tables  7 and 8 
demonstrate that while there was no statistically sig-
nificant difference in performance between males and 
females, some demographic characteristics, such as age, 
location type, educational background, and occupation, 
have a remarkable impact on CSL (the significance level 
is 0.05).

Comparing distributions across groups provides more 
details. In terms of age variables, residents aged 60 and 
older perform significantly worse on the SK, SM, PS, and 
STSS dimensions than citizens in all other age catego-
ries. Urbanites perform much better than rural citizens 
across all four CSL dimensions. Citizens’ CSL gradually 
rises as their educational background does. However, 
there is no significant difference in PS and STSS between 
citizens with a college degree and those with a master’s 
degree, nor is there any significant difference in STSS 
between citizens who only attended high school and 
citizens with a master’s degree. Citizens with a bach-
elor’s degree or above are significantly higher than those 
with a low degree in SK, SM, PS, and STSS dimensions. 

Regarding occupation, the CSL of unemployed citizens 
is significantly lower than that of employed citizens and 
students wating for further study.

Discussions
Discussion of the instrument
The four-dimensional instrument was developed to 
assess CSL. It can be used online or via a paper and pen-
cil format. 50 items make up the instrument, and it takes 
about 30 minutes for the participants to complete the 
survey. According to the Standards for Educational and 
Psychological Testing (American Educational Research 
Association et  al., 2014), we have provided validity evi-
dence based on test content, response process, and inter-
nal structure. The validity evidence collected during the 
instrument development process of this study includes 
content evidence based on the expert review, response 
process validity evidence based on cognitive interviews, 
and internal structure validity evidence based on four-
dimensional model fit. The findings support that this 
instrument can be used to assess CSL.

In some ways, the instrument’s high quality suggests 
that the elements we considered for the CSL framework 
and tools’ evaluation are reasonable. They are crucial 
components of CSL that every citizen should possess 
since they aid in problem-solving and engagement in 
public affairs. However, additional research will be nec-
essary to better understand what SK, SM, and STSS are 
needed by citizens, and how to address issues and par-
ticipate in science in more practical situations.

Discussion of different groups’ CSL
In exploring the differences in CSL among citizens with 
different demographic characteristics, our findings are in 
agreement with several prior studies that have used other 
instruments to assess CSL.

According to earlier studies, numerous demographic 
variables have a significant impact on CSL. For exam-
ple, citizens with higher educational backgrounds and 
younger ages have higher CSL (Miller, 1998, 2006; Ren 
et  al., 2022), which is consistent with our research 
findings. This is in line with our general understand-
ing that citizens who receive higher levels of education 
can learn more scientific knowledge and methods, have 

Table 4 (continued)

Item Estimate Error Unweighted Weighted

MNSQ T MNSQ T

48 SS_10 0.766 0.102 0.79 −2.6 0.84 −2.5

49 SS_11 −0.057 0.100 0.72 −3.7 0.80 −3.5

50 SS_12 −0.137* 0.335 0.77 −3.0 0.85 −2.5
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more opportunities for scientific participation, and 
have a deeper understanding of the nature of science. 
Therefore, they can demonstrate higher levels of CSL. 

This is consistent with the widespread belief that peo-
ple with higher levels of education are better equipped 
to learn new scientific concepts and techniques, 

Fig. 5 Wright map for the four-dimensional instrument. (Dimensions 1, 2, 3, and 4 are person ability estimations for SK, SM, PS, and STSS)
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participate in more scientific activities, and compre-
hend the fundamental principles of science. As a result, 
they can exhibit increased levels of CSL. In terms of 
senior adults, particularly Chinese citizens over 60, the 
general level of education is quite poor. Ren indicates 
that the education reform in China in 1977 had a long-
term and significant impact on people born after 1960 
(Ren et al., 2022). This part explains why Chinese citi-
zens under the age of 60 have a significantly higher CSL 
in the survey.

The performance of individuals from urban areas is 
considerably better than that of individuals from rural 
areas in the four dimensions of CSL when consider-
ing the characteristics of the location type. This is in 
line with common opinion. Urban and rural communi-
ties have unequal access to formal and informal educa-
tion resources, including funding for education, qualified 
teachers, science and technology museums, planetari-
ums, etc. This results in an uneven distribution of CSL 
between urban and rural areas.

However, our results also contradict some previously 
published findings on CSL. Previous national surveys 
from numerous countries found a statistically significant 
difference between males and females in CSL (Garner-
O’Neale et  al., 2013; Miller, 2000; Miller, 2016; Zhang 
et  al., 2016). Our study’s findings, however, are in line 
with those of a survey conducted in Japan, showing that 
there is no appreciable distinction between men’s and 
women’s CSL (Naganuma, 2017). Given the lack of statis-
tical differences between boys and girls in PISA scientific 
literacy tests (OECD, 2007), Naganuma believes this is a 
relatively new finding (Naganuma, 2017). Compared to 
the gender differences reflected in CSL assessments that 
focus on SK, Naganuma’s tool places making decisions at 
the center of CSL. It seems that there is no significant dif-
ference between men and women when CSL emphasizes 
“science engagement”.

Research results also reveal differences in CSL among 
citizens with different occupations. This is consistent 
with previous international comparative research results 
(Wu et  al., 2018). Individuals with occupations exhibit 
higher levels of CSL than those who have not partici-
pated in social work, which seems to illustrate the impor-
tant role of social engagement in improving CSL.

Nowadays, CSL plays an increasingly important role at 
the national and individual levels. How to issue practical 
policy documents and carry out effective CSL promo-
tion actions at the national level is of great significance. 
Focusing on the differences in CSL among different 
groups with different  demographic characteristics will 
help us have a clear target. We need to bridge the gap in 
CSL among different groups while promoting the overall 
improvement of CSL for all.

Limitations and implications
This study is an essential inquiry into the construction of 
the CSL assessment framework and instrument develop-
ment. The findings presented above should be accepted 
with caution. The purpose of this study is to develop and 
validate an instrument. The ability values of the samples 
in the study are evenly distributed and have a large span, 
which can serve the development of the instrument well. 

Table 5 EAP/PV reliability for the four dimensions of CSL

Dimension Number of Items EAP/PV 
reliability

SK 23 0.821

SM 7 0.825

PS 8 0.813

STSS 12 0.779

Table 6 Correlation between dimensions of CSL

*p<.05

Dimension Dimension

Dim1(SK) Dim2(SM) Dim3(PS) Dim4(STSS)

Dim1(SK) – – – –

Dim2(SM) 0.836* – – –

Dim3(PS) 0.782* 0.877* – –

Dim4(STSS) 0.696* 0.676* 0.799* –

Table 7 Nonparametric tests of demographic factors (Gender and Location Type)

U. Mann-Whitney U

Z. Standardized Test Statistic

*p<.05

Factor Test SK SM PS STSS

U Z Sig. U Z Sig. U Z Sig. U Z Sig.

Gender Mann-Whitney 37,208.500 −0.972 0.331 37,520.500 − 0.811 0.417 37,533.000 −0.805 0.421 37,207.500 −0.972 0.331

Location Type 17,805.000 −5.318 0.000* 18,865.000 −4.652 0.000* 18,505.000 −4.878 0.000* 17,503.000 −5.508 0.000*
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However, as a populous country, the sample in this study 
may not represent the entire population of Chinese citi-
zens. Therefore, it is necessary to select larger and more 
representative samples for further instrument improve-
ment and investigation analysis. Although this instru-
ment is already of good quality, there is still a lack of 
extremely difficult and low-difficulty items. Future revi-
sions and additions of items are both possible to raise the 
instrument’s quality.

From the perspective of science education research, 
this study has certain theoretical and practical signifi-
cance. We incorporated STSS into the framework of CSL 
and obtained effective validation from tools, enriching 
the connotation and extension of CSL in theory. In prac-
tice, although the instrument was developed in Chinese, 
the formulation of the assessment framework and the 
substantial collaboration of outside experts throughout 
the instrument’s development might, in some ways, be 
seen as an international consensus on CSL and its assess-
ment. Future translations of the instrument into addi-
tional languages for regional use in many nations will 
help to advance CSL horizontal comparability. Future 
studies may look more closely at the performance level 
of CSL and the application of the instrument to various 
samples. All or some of the items may be used during 
the assessment process when utilizing the instrument.

The development of the new CSL framework and the 
effective validation of the instrument have certain impli-
cations for education within and across science disci-
plines. Currently, global science education widely focuses 
on problem-solving ability and advocates for the par-
ticipation of all citizens in scientific problem-solving in 
countries and regions (Kolstø, 2001). The importance of 
PS as one of the dimensions of CSL in this study has been 
validated. This responds to the focus of science education 
on PS. The STSS newly incorporated into the CSL frame-
work is also particularly important for science education 
with SL as its objective. Therefore, when teaching sci-
ence, teachers should pay attention to the development of 
students’ PS and their comprehension of STSS as well as 
the students’ mastery of SK and SM.

Meanwhile, the significant differences in CSL among 
groups with different educational backgrounds and occu-
pations suggest the important role of formal education 
and informal in cultivating individual CSL. Although 
individuals spend relatively little amount of time in for-
mal education (Liu, 2013), informal education has a lower 
effect on developing CSL than formal education. There-
fore, how to make good use of informal education (such 
as scientific venues, media information, etc.) to promote 
CSL for all should receive broader attention.
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