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Abstract: As the context of human life expands from personal to global, a new vision of scientific
literacy is needed. Based on a synthesis of the literature and the findings of an online survey of South
Korean and US secondary science teachers, we developed a framework for scientific literacy for South
Korea that includes five dimensions: content knowledge, habits of mind, character and values, science as
a human endeavor, and metacognition, and self-direction. The framework was validated by international
science educators. Although the names of these dimensions sound familiar, the framework puts a new
perspective on scientific literacy by expanding and refining each dimension, stressing integrated under-
standing of big idea and the importance of character and values, adding metacognition, and emphasizing
global citizenship. Twenty-first century citizens need integrated understanding of the big ideas of science
and habits of mind such as systematic thinking and communications. They also need to realize that
science is a human endeavor that changes, as new evidence is uncovered. However, these aspects of
scientific literacy provide only a partial picture. Scientific literacy should also emphasize character and
values that can lead learners to make appropriate choices and decisions to ensure a sustainable planet
and provide all people with basic human rights. Individuals will also need to develop metacognitive
skills in order interpret new complex scientific information and know when they need additional infor-
mation. Although this framework was developed primarily for South Korea, a new vision of scientific
literacy that is applicable for K-12 has the potential to spur the development of new standards, curricu-
lum materials, instructional practices, professional development and assessments, and dialog across
nations. © 2011 Wiley Periodicals, Inc. J Res Sci Teach 48: 670-697, 2011
Keywords: scientific literacy; global citizenship; globalization; global scientific literacy

Introduction

The remarkable and rapid advances of science, technology, and engineering have brought
about unprecedented changes in the quality of human life. These breakthroughs have united
the world in unique ways and have correlated with economic, societal, and political develop-
ment (Friedman, 2007). New developments in genetics, nanoscience, and neurosciences offer
unimaginable opportunities for improving human health. These and other scientific, technolo-
gy, and engineering developments also give rise to a myriad of ethical, moral, and global

Contract grant sponsor: WCU Program, National Research Foundation of Korea; Contract grant number: R32-
20109.

Correspondence to: H. Lee; E-mail: hlee25 @ewha.ac.kr

DOI 10.1002/tea.20424

Published online 21 June 2011 in Wiley Online Library (wileyonlinelibrary.com).

© 2011 Wiley Periodicals, Inc.



RE-CONCEPTUALIZATION OF SCIENTIFIC LITERACY 671

issues that threaten human dignity and survival. The consequences include global warming,
lack of energy resources, pandemics, uneven distribution of health and dietary care and sup-
plies, and pollution of our waterways and air (Gore, 2006; Hurd, 1998; Jenkins, 1999). These
concerns stretch from the personal to societal and global. They will only be solved through
collaboration, communication, and cooperation between people who see themselves as mem-
bers of a global community. As global citizens, therefore, we need to answer questions such
as: What are the likely effects that inventing, manufacturing, and using new nanoscience
products will have on the health of my family and the community? What worldwide conse-
quences, if any, could they have? How might we create a sustainable planet in which we
meet the energy needs of today without compromising the ability of future generations to
meet their own needs? What might be the long-range effects of nanoscale waste on the envi-
ronment, both locally and globally? How can our world reduce toxic pollutants? To respond
to these questions, we need to prepare citizens who have an understanding of scientific ideas,
intellectual capabilities, creativity, and reasoning, and to nurture citizens with an awareness
and respect of the issues and problems that exist throughout the world so that they can make
important environment, health, and social policy decisions for themselves and the global
community.

Calls for scientific literacy have existed since the early 1950s. Prominent scientists, such
as Conant, Heisenberg, and Oppenheimer, released from their work on the Manhattan Project,
immediately called for the education of the scientifically literate citizen in a democratic socie-
ty—individuals who could understand and contribute to policies surrounding atomic and nu-
clear escalation (Conant, 1951; Heisenberg, 1958; Oppenheimer, 1954). Since the 1980s,
there have been efforts to define and shape what is meant by scientific literacy (AAAS, 1989;
Arons, 1983; Bybee, 1997; Gilbert, 2003; Laugksch, 2000; Miller, 1998; Millar & Osborne,
1998; National Research Council [NRC], 1996; National Science Board, 1996, 1998;
Shamos, 1995). These views of scientific literacy provide guidance on what understandings
and intellectual capabilities citizens need in order to make informed decisions about issues
and problems that occur daily. However, Miller (1998) and Laugksch (2000) argue that be-
cause scientific literacy is a socially constructed, it changes with the context and era in which
it is used. We agree with this position and will argue that the current views of scientific
literacy have limitations with respect to global perspectives and competencies that citizens
need for the 21st century.

The premise of this article is that to meet the demands of the 21st century global society,
it is necessary to rethink current views of scientific literacy and to propose an expanded
vision that includes more global perspectives and competencies. We propose a framework for
scientific literacy that is needed to educate learners to have the intellectual resources and
value orientation necessary to live in a global society. The framework builds on current ideas
of scientific literacy and focuses on what all South Korean citizens for the 21st century need
to know and do in response to the increasing rate of scientific and technological advance-
ments and their appended social consequences. Although we propose this framework primari-
ly for South Korea, science educators, and researchers from other countries can use this
framework to reflect upon what understandings and competencies their citizens need for the
21st century. This framework for scientific literacy can guide the development of new curricu-
lum frameworks, instructional materials, instruction, assessment, professional development,
and alignment among these elements. To develop this framework, therefore, we asked
the following questions: What are the primary characteristics of 21Ist century scientific
literacy? What key attributes will students need to live productive and fruitful lives in the
21st century?
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Current Views of Scientific Literacy

Different organizations have conceptualized the notion of scientific literacy over the past
decades (see the extensive reviews of Laugksch, 2000 and DeBoer, 2000 for a more thorough
discussion). The Organization for Economic Co-operation and Development (OECD, 2004)
describes scientific literacy as “the capacity to use scientific knowledge, to identify questions
and to draw evidence-based conclusions in order to understand and help make decisions about
the natural world and the changes made to it through human activity” (p. 40). Project 2061 in
their seminal volume, Science for all Americans (AAAS, 1989, p. XIII), describes scientific
literacy as ‘“‘the understandings and habits of mind they need to become compassionate hu-
man beings able to think for themselves and to face life head on. It should equip them also to
participate thoughtfully with fellow citizens in building and protecting a society that is open,
decent, and vital.” The NRC’s National Science Education Standards (NSES) (NRC, 1996)
and England’s Beyond 2000: Science Education for the Future (Millar & Osborne, 1998) also
advocate that all citizens need a basic level of scientific literacy to make informed choices
and decisions about issues and problems that occur daily. NSES describes scientific literacy as
“the knowledge and understanding of scientific concepts and processes required for personal
decision making, participation in civic and cultural affairs, and economic productivity”
(NRC, 1996, p. IX). Millar and Osborne (1998) in Beyond 2000 state that scientific literacy is
necessary for all learners growing up in our society regardless of their career aspirations or
capabilities. As such, they view a scientific literate individual as ‘“‘comfortable, competent,
and confident with scientific and technical matters and artifacts” and the aim of school sci-
ence is to produce a populace with such capabilities. These four major documents contain
critical ideas about scientific literacy and have shaped science education globally; however,
they stress ideas necessary for personal and societal issues and problems and not the under-
standing and competencies needed for a global society. Because the world-wide-web and
other mass media allows citizens in a democracy to have access to global information at
anytime and anywhere, and because we have learned more about how students learn since
these documents have been published (e.g., Bransford, Brown, & Cocking, 1999; Duschl,
Schweingruber, & Shouse, 2007), we need to rethink and enhance the ideas put forth in these
documents.

Many scholars in science education also identify key elements of scientific literacy.
Miller (1998) describes scientific literacy as comprising three areas: (1) a vocabulary of basic
scientific concepts sufficient to read competing views in media reports, (2) an understanding
of the nature of scientific inquiry, and (3) an understanding of the impact of science and
technology on individuals and society. Millar (2006) hypothesizes that science curricula for
the 21st century will stress two key aspects of scientific literacy: (1) scientific ideas needed
for an individual to make responsible decisions as member of a democratic society and (2)
scientific ideas that are fundamental to the culture of the society. Millar also stresses the
importance of building and using contexts that will allow students to use science understand-
ings to make informed choices. Norris and Phillips (2003) present a summary of scientific
literacy that includes (1) basic understanding of science ideas and the nature of science, (2)
habits of mind, (3) knowledge needed for intelligent participation in science-based social
issues, (4) appreciation of, and comfort with, science including a sense of wonder and curios-
ity, (5) knowledge of the risks and benefits of science; and (6) an ability to think critically
about scientific claims and findings. Tyler, in his review of the 2006 Australian Council for
Educational Research Conference, calls for a revamping of the science curriculum in
Australia to de-emphasize a stress on conceptual knowledge and to focus more on the nature
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and processes of science and the ability to use ideas to explain important aspects of the world
in which children live. Like Millar, Tyler argues for rich contexts that provide opportunities
for students to use ideas and that will motivate and engage. These views of scientific literacy
stress what all citizens, not just those entering scientific fields, need to know to live as pro-
ductive citizens in a society. Bowen and Roth (2007) and Roth and Lee (2004) provide a
more radical view of scientific literacy in which ‘community participation’ of individuals and
‘collective praxis’ play important roles in making decisions on the issues within the local
context and as such provide the focus for what students will learn. They note that not every-
body needs to have the same basic sets of concepts and skills; rather, it is more important
to allow “the emergence of scientific literacy as a collective property’” (Roth & Lee, 2004,
p. 263).

These views of scientific literacy provide a vision of the knowledge and intellectual capa-
bilities citizens need in order to make informed choices and decisions about issues and prob-
lems that occur daily and that affect society; however, with the exception of the Tyler report
(Tyler, 2007), these views do not take into consideration a global perspective and the scientif-
ic understandings and capabilities that citizens need to live in the 21st century to build and
maintain a sustainable planet for all people. The context of scientific literacy most often lies
within a personal and societal framework and does not consider issues related to a global
society.

Need for a New Framework for Scientific Literacy in South Korea
Globalization and School Science Reforms

Over the past decade, different societal sectors of South Korea have used terms such as
“globalization,” “global citizens,” or ‘“global competitiveness’ as catch phrases. A primary
driving force for the globalization movement in South Korea is the rapid industrial, techno-
logical, and economical development of the country. South Korea has matured into a leading
nation for the design and development of new technology, telecommunication, medical sci-
ence and other industries that make use of scientific advances. In order to meet global stand-
ards, South Korea is focusing on cultivating global human resources that will allow
individuals not only to understand the content but also the political, social, and cultural under-
pinnings of trade and international relationships. For instance, many universities in South
Korea offer various opportunities for college students to experience education from more
developed nations through various exchange programs and encourage faculty to collaborate
with international scholars. Even at the secondary school level, numerous students go abroad
to obtain a better and more eclectic education experience (.026% in 1995; .26% in 2005).
Another driving force impacting South Korea is the sudden influx of multiculturalism into the
society. South Korea has long been regarded as a racially homogenous nation; however, cur-
rently it has experienced a continuous increase in international marriage (1.2% in 1990;
11.1% in 2007) and registered foreigners (20,525 in 1990; 237,517 in 2005) (From Korean
Statistical Information Service, http://www.kosis.kr). It is also now common to see foreign
students in local secondary schools. Many individuals pay attention to their cultural back-
grounds and feel an urgent need to find avenues for embracing them into our society. Another
force, the dual positive and negative impacts of science and technology, affects the Korean
societal atmosphere. Almost every day, new technology and scientific research findings bene-
ficial to society are announced through the mass media. At the same time, ethical, moral, and
social issues threatening the welfare of life in different places of the world with this
growth in science and technology emerge. This force leads the South Korean people to feel
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responsibility as global citizens. The recent accident of the Fukushima Nuclear power plant
in Japan caused by earthquakes and the tsunami is one good example. South Korea, as a
global companion, dispatched rescuers and volunteers to help the injured and provided eco-
nomic aids to restore the loss, as did other nations throughout the globe. Individuals from
different places of the world felt empathy with the Japanese and their loss. As we tried to
argue in the beginning, we are now in a new age when people need to think of issues and
problems not only from a personal and society perspective, but from a global perspective in
which problems and their solutions affect societies and individuals worldwide. Such a global
perspective is critical for developing a sustainable planet in which all people have the basic
necessities of life.

The globalization movement has also influenced school curriculum reforms in South
Korea. The current national curriculum guide, the 7th Korean National Curriculum for sec-
ondary schools (Ministry of Education and Human Resources Development [MEHRD], 2007;
Ministry of Education, Science and Technology [MEST], 2009), portrays secondary graduates
with autonomous and creative talent who can provide leadership in the 21st century global-
ized society. Especially at the high school level (10th—12th), we aim to cultivate student
capability and character as future global citizens by fostering creativity and appreciating
diverse cultures and values. However, unlike the overall direction of curriculum reforms in
South Korea, the National Science Curriculum does not explicitly represent the idea of glob-
alization and global citizens. The Social Studies Curriculum includes some ideas related to
globalization such as multiculturalism and global citizenship.

What we have tried to argue in the above paragraphs is that although globalization is
accepted and seen as important by South Koreans, globalization is still an abstract and not
actualized idea in the science curriculum (Kang, Park, & Baek, 2008). The concept of scien-
tific literacy presented in the National Science Curriculum is consistent with this position.
From 1992 to the present, a primary goal of science education was to educate students to
become scientifically literate citizens. However, major elements of scientific literacy sug-
gested in curriculum are still limited to (1) basic scientific knowledge, (2) scientific process
and inquiry skills, (3) affective components (e.g., attitudes, interests, curiosity, etc.), and (4)
understanding the interrelationship among science, technology, and society (MEHRD, 2007;
Ministry of Education, 1992, 1997). The National Science Curriculum 2009, which has been
implemented since 2011, started to emphasize “‘character development as global citizens” for
the high school science (MEST, 2009); however, only one elective science course for the 10th
grade students covers such global issues as information technology, health technology, and
energy and environment under the theme of “‘science and contemporary culture” in the
content standards. Furthermore, the meaning of ‘“‘character development as global citizens”
and strategies to help schools and teachers move in this direction are not still explicitly sug-
gested. Thus, many science teachers are hesitant to address these new topics and do not know
what would be a better direction for effective teaching for 10th grade science. South Korean
science educators, therefore, remain doubtful of the effectiveness of the current science edu-
cation curriculum to meet the societal demands, and seek a clearer vision for the 21st century
scientific literacy.

PISA Results

The results from the Organization for Economic Co-operation and Development (OECD)
Program for International Student Assessment (PISA), 2006 (OECD, 2007) further fueled
regarding the best direction for South Korea to take in education. The PISA results showed
that South Korean students suffered a steady decline in performance in science over in recent
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years. South Korea, the top performer in 2000, slumped to 11th out of 57 countries in 2006.
PISA 2006 Science was designed to measure scientific knowledge (e.g., knowledge of science
content, knowledge about science), scientific competency (e.g., identifying scientific issues,
explaining phenomena scientifically, using scientific evidence), and attitudes of science (e.g.,
support for scientific inquiry, self-belief as science learners, interest in science, responsibility
towards natural resources and the environments) in real-life contexts. The assessment results
showed that Korean students have relatively low understanding of living systems, and low
competency in applying scientific knowledge for describing and analyzing phenomena.
Moreover, South Korean students’ self-efficacy and self-concept in science was also lower
than the OECD average with only 27% reporting that they enjoyed solving science problems,
whereas the OECD average was 43%. Although Korean students felt responsible for sustain-
able development, they held low awareness of environmental issues such as the importance of
developing forests for other land use, the impact of acid rain, increase in greenhouse gases
emissions and nuclear waste on the environment, and potential health consequences of geneti-
cally modified organisms (M. Lee, Sohn, & No, 2008).

The PISA findings differ from the latest findings of the Trends in International
Mathematics and Science Study (TIMSS). On TIMMS, Korean students performed fairly
well, taking second place in mathematics and fourth place in science (Martin, Mullis, & Foy,
2008). However, the PISA assessment focused more on what students know, value and are
able to do with the science within reasonable and appropriate personal, social, and global
contexts, whereas the TIMMS assessment focused more on the reproduction of facts and
solving problems using algorithms. The formats of PISA and TIMMS items also differ.
TIMMS items are mainly multiple choice, whereas many PISA items are constructed re-
sponse or multiple questions from one stem. The differences between the PISA and TIMMS
results can be partially explained because South Korea’s science education, that rarely goes
beyond the exclusive focus of the canonical ideas of science, may fall short of helping stu-
dents use ideas and problem solve even though it may be effective in helping them compre-
hend scientific concepts. The overall conditions of South Korea call for the new framework
for scientific literacy for a global society that can guide the development of science curricu-
lum, instructional materials, professional development, and alignment among these elements.
The framework needs to embrace educational concerns for individuals who are intellectually
and morally responsible in the global context.

Procedure of Developing a Conceptual Framework for Scientific Literacy

In order to develop our conceptual framework for scientific literacy, we went through the
following four phases: (1) extensive reviews of literature on scientific literacy, (2) analysis of
an on-line survey with science teachers, (3) conceptualization of the 21st century scientific
literacy, and (4) validation of the conceptual framework with expert group.

Phase 1: Extensive Reviews of Literature on Scientific Literacy

To more precisely characterize scientific literacy for the 21st century and to synthesize a
framework for scientific literacy, we conducted an extensive review of the science education
literature and debated various ideas (e.g., Arons, 1983; Bybee, 1997; Chen, Shi, & Xu,
2009; DeBoer, 2000; Holbrook & Rannikmae, 2007; Hurd, 1998; Laugksch, 2000; Miller,
1998; Norris & Phillips, 2003; Pella, O’Hearn, & Gale, 1966; Roth & Lee, 2004; Shamos,
1995; Shen, 1975). We also reviewed public documents published by organizations in differ-
ent countries, such as NSES (NRC, 1996), Benchmarks for Science Literacy (AAAS, 1993),
and Beyond 2000 (Millar & Osborne, 1998). In addition, in order to represent capabilities for
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the 21st century, we analyzed a 21st century skills map (P21, 2009). As discussed above,
most of the conceptions regarding scientific literacy in the documents and literature could be
classified as having four major dimensions: conceptual understanding, habits of mind, affec-
tive realm (i.e., motivation and attitudes), and science as a human endeavor.

Phase 2: On-Line Survey With Science Teachers

Views on scientific literacy presented in the literature mostly tell what policy makers,
organization officials, and researchers have considered as important elements of scientific
literacy. We wondered what practitioners who actually teach science in schools believed about
scientific literacy and how they envision global citizenship for the 21st century. We also
sought to see to what extent the views of practitioners and the ideas in the literature are
consistent or contradictory. In order to achieve this aim, we simultaneously investigated sci-
ence teachers’ perspectives through on-line survey as we conducted our literature review. We
expected that teachers’ views might suggest more practical ideas and visions for global
citizens.

The survey consisted of 42 items using a Likert-type format (1: not very important to 5:
very important) that asked teachers’ perception on the importance of key elements of scientif-
ic literacy in terms of four dimensions (i.e., conceptual understanding, habits of mind, motiva-
tion and attitudes, and the nature of science). Chronbach Alphas for internal consistencies of
the four dimensions ranged from .56 to .90 (total = .91). The survey also included one open-
ended item asking teachers to write their opinion about ‘“what they anticipate their students
to be like as citizens in the 21st century society?”

We created a web site for the on-line survey and distributed advertisement through a
website and list servers of science teacher associations to request teacher participation. The
survey was open over a 2-month period. In South Korea, a total of 96 science teachers (49
middle school and 43 high school teachers), including 26 males and 66 females, with average
teaching experience of 9.4 years responded voluntarily to the survey. Four teachers did not
specify their schools and gender. In the US, a total of 126 teachers (42 middle school and 78
high school teachers) including 43 males and 79 females responded. The average teaching
experience of the US teaching was 15.7 years. The nationality of the US teachers included
120 USA citizens, 1 Mexican, 2 Canadians, and 1 Pilipino. Four teachers did not provide
their nationality, six teachers did not identify their gender, and eight teachers did not indicate
their teaching grade level. In this article, we focused on analyzing teacher responses to the
open-ended item. We identified some key elements of scientific literacy for global citizens
from the responses and then categorized the elements into four dimensions that emerged in
Phase 1. We present statistical results of Likert scale item analysis to support the findings that
emerged from the analysis of the open-ended item.

Science Teachers’ Views on Scientific Literacy for 21st Century Global Citizens. First, in
the category of conceptual understanding, the science teachers emphasized basic scientific
knowledge to understand natural phenomena, science terms and vocabulary presented in
newspaper or magazines, and science knowledge necessary for students to understand or
make a decision on science-related issues. Table 1 shows representative quotes from the
teachers. These quotes indicate some consistency with the results of the Likert-type item
analysis. Korean science teachers responded the highest to ‘“‘scientific knowledge in daily
life” (e.g., why the sky is blue, why we use chlorine to clean water in swimming pools)
(M = 4.31) and US science teachers responded the highest to “knowledge regarding science-
related social, ethical, or moral issues” (M = 4.63). The responses made by the teachers also
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Table 1

Exemplary Quotes Related to Content Knowledge

Responses Examples

Basic scientific knowledge “I don’t want them to accept the first explanation or reasoning
to understand natural phenomena for something, but I want them to delve deeper with their

understanding so that they can form their own understanding
that fits with their prior constructed knowledge.”
“My goal is for my students to leave school with a science
background strong enough to understand natural phenomena.”
Science terms in media “They are expected to work on vocabulary through articles,
readings, journals they are keeping and research projects. . .”
“Citizens should be able to pick up newspaper or magazine articles
and be able to understand the content.”
Knowledge necessary for “Students should understand science-related issues, such as
understanding science-related issues  environmental pollutions, health problems. ..”
““Citizens should have a sufficient scientific background to be able
to understand relevant aspects of global issues—bioengineered
foods, global warming, energy use, petroleum reserves, etc.”

connect with literature (e.g., Millar, 2006; Miller, 1998); however, the teachers seemed
to lack understanding of the importance of big ideas and more integrated understanding of
science cutting across various traditional disciplinary boundaries (e.g., Bransford et al., 1999;
Kesidou & Roseman, 2002; Linn & Eylon, 2006; Roseman, 2010).

Second, in the category of habits of mind, the teachers generally put most emphasis on
critical thinking, problem solving, and informed decision-making skills for everyday life
issues. This finding shows some consistency with the results of the Likert-type item analysis.
Korean teachers gave the highest response to “‘evidence (scientific knowledge)-based critical
thinking skills” (M = 4.33), and ‘“‘ability to explain logically by using scientific evidence”
(M = 4.28). US science teachers responded similarly as Korean teachers, but responded to
“evidence (scientific knowledge)-based critical thinking skills” slightly higher (M = 4.74).
These skills are often regarded as important habits of mind in literature (e.g., Duschl et al.,
2007; Norris & Phillips, 2003). The teachers’ open-ended responses also included ideas that
that students need to learn how to manage the flood of information (i.e., information manage-
ment skills such as finding relevant information, organizing, analyzing, and evaluating infor-
mation) and how to collaborate and communicate with a wide range of people to solve
problems. A small number of the teachers mentioned the ability to use appropriate technolo-
gies. The teachers’ open-ended responses seemed to envision the global context that their
students will face in the 21st century. Table 2 includes representative examples for each of
these elements.

Third, the type of responses teachers made in the affective realm included three areas:
Interest and positive attitudes toward science, responsibility, and participation in science, and
ethics about caring for other people and living creatures. However, unlike conceptual under-
standing and habits of mind categories, over two-thirds of the participating teachers did not
write any statement regarding the affective realm. Of those that did, the major emphasis was
placed on developing a long lasting interest and positive attitudes toward science. Similarly,
in the Likert-type items, Korean teachers gave the highest response to ‘“‘interest toward
science” (M = 4.23). US teachers were also high on this item (M = 4.15 for US teachers).
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Table 2

Exemplary Quotes Related to Habits of Mind

Responses Examples

Critical thinking, “The expectations I have for my students as far as them being citizens in
problem solving, the 21st century, is that they will be skilled in, reasoning, critical
and decision-making skills thinking, and problem solving.”

“My main goal in educating my students is to give them enough scientific
knowledge that they can use to critically scrutinize claims of scientific
validity for themselves and then determine if the claims are valid or
not...”

“I expect them to be able to make informed decisions, to be able to
research issues on their own, and to be able to weigh pros and cons.”

Information management “Students need to be able to think critically and analyze information
skill presented in the media regarding any scientific concepts, and to be able
to evaluate the information presented to them in the course of daily life.”

“Students should be able to evaluate information from a variety of
perspectives.”

“I expect my students to be able to critically evaluate the information
bombarding them from media and special interest groups.”

Communication and “I believe that 21st century students will need communication
Collaboration skills - societal skills, written and electronically generated
communications. ..”

“I expect students will have to be able to collaborate in teams to
address new situations, to generate possible outcomes and to make
recommendations based on sound scientific principles.”

Use of technology “Our goal is to teach them to utilize various technologies to make
work/life simpler. We want them to be able to function in a society where
technology is very important and growing all the time.”

“I would hope that they would be better prepared to use the technology
which keeps developing.”

The focus on students developing positive attitudes may indicate teachers deserve for
students to study science further and not to play a role as a driving force as citizens who
take responsibility and actions to resolve science related issues for larger purposes.
Some teachers, however, do hold this broader vision and wrote statements about students
being aware and responsible and active participations in resolving socioscientific issues.
Some other teachers mentioned ethics of care (i.e., care for people and living creatures) and
empathy as important elements of global citizens. Table 3 shows representative quotes from
the teachers.

In the category of science as a human endeavor, teachers’ open-ended responses general-
ly put emphasis on understanding limitation of science because scientific knowledge is a
product of human activities. They also wrote that students need to understand how science
affects individuals and society; however, interestingly they did not mention the reverse (i.e.,
how society affects scientific development). In addition, a small number of the teachers men-
tioned the spirit of science that includes skepticism and values of science (e.g., to discover
and explain certain phenomena, to develop technology for larger well being, etc.). The results
of the Likert-type and the selection items have some consistency with the open-ended
responses. Korean teachers responded that understandings of ‘“‘the tentativeness of science”

Journal of Research in Science Teaching



RE-CONCEPTUALIZATION OF SCIENTIFIC LITERACY 679

Table 3
Exemplary Quotes Related to Affective Realm

Responses Examples

Interest and positive ‘I want them to develop a continuing interest in learning and science.”

attitudes toward “I hope to inspire them to love science as much as I do.”

science “I hope my students will be able to pick up a newspaper or magazine.”
Responsibility “I hope that my students will become productive citizens of the world with an

and participation understanding that we are all responsible for protecting the world we live in.”

“I want my students to be active stewards for the environment in their communities.”

“As democratic citizens they should feel a duty to monitor and support sound science
as it applies to the environment, new technology in all phases, and support sound
programs of research. They would do this by continuing to advance their
knowledge base through continued reading (books, newspaper articles, magazines
and various science programs available on the electronic media).”

Ethics of care “They should take care of others, their communities, not just take care of

themselves.”

“I want them to understand how scientific development can negatively affect other
people and be sympathetic to them.”

“I anticipate students at every grade level have been learning to be citizens which are
accepting of others’ cultures and welcome globalization. Scientifically, this
awareness comes with an understanding and respect for global ecology concerns.”

(M = 4.19), “‘ethical aspects of science” (M = 4.18), and ‘‘interrelationship of STS”
(M = 4.16) are important elements. However, US teachers responded the highest to “‘ability
to distinguish science from pseudo-science” (M = 4.57). Table 4 includes representative
examples for each of these elements.

In general, the survey results show that science teachers understanding of scientific litera-
cy for global citizens are somewhat consistent with the literature. From the teacher responses,
we found support for the importance of some elements such as communication and

Table 4
Exemplary Quotes Related to Nature of Science

Responses Examples

Limitation of science ‘I hope that my students understand that scientists cannot know everything, ... the
difference between science and non-/pseudo- science”

“Students must understand the nature of science. . . . . .. They must understand what
science can and cannot do”
Impact of science “They should know in what ways science contributes to the development of our

society, how science plays important role in the society. ..”
“This would require an interest in how science affects them as individuals, in societal
groups within individual countries as well as in a global world.”
Spirit of science “I expect students to understand the importance of various scientific discoveries and
technological advances in order to promote a sustainable society ...”
“I expect from my students to have healthy skepticism. ..”
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Table 5

Other Elements With Exemplary Quotes

Responses Examples

Life-long learning “I expect my students to be life-long learners not only in science but in other fields.”

“They must learn how to learn on their own and must love learning for learning’s

sake.”

Metacognitive skills ‘I want them to ask, ‘Does this make sense? Is this in line with what I already know
to be truth?”’

“I expect that my students to be lifelong learners. I hope that I inspire them to
continue to learn, ask questions, and above all, do not take everything for granted
in the physical universe.”

collaboration, and information management in the habits of mind dimension, and ethic of
care and empathy in the affective realm. A new dimension, however, emerged from the teach-
ers’ open-ended responses. Some teachers portrayed the importance of self-directed learners
who are able to enjoy and manage their learning, using such terms as ‘“‘lifelong learner” and
“continue to learn.” The responses also indicated a need for metacognitive skills. Table 5
includes representative quotes from the teachers. Although this capability coincided with the
one suggested by P21 (2009), most of the current literature on scientific literacy does not
embrace metacognition.

Phase 3: Conceptualization of the 21st Century Scientific Literacy Framework

Based on the literature review, survey results and teachers’ open-ended responses, we
had consecutive discussions debating the primary characteristics of 21st century scientific
literacy and what key attributes students will need to live productive and fruitful lives in the
21st century. We reached a consensus on portraying individuals who integrated understanding
of the big ideas of science, could appreciate diversity of cultures and values, participate in
construction of social values through collaboration and communication with others, responsi-
bly take an action on the science-related global issues, and ultimately develop character and
values as a member of a global society.

In order to characterize this vision, first of all, like the PISA framework (OECD, 2007),
we accepted the importance of student engagement in a variety of situations; that is, personal
context (issues about themselves, family, or acquaintances), societal context (issues of their
local communities or countries), and global context (issues of global nature). Through this
iterative analysis of examining the literature and reflecting on the teachers responses,
we identified five dimensions of the 21st century Scientific Literacy: (1) content knowledge,
(2) habits of mind, (3) character and values, (4) science as a human endeavor, and (5) meta-
cognition and self-direction (see Table 6; Fig. 1 in the next section). Three dimensions—
content knowledge, habits of mind, and science as human endeavor—align with previous
conceptions of scientific literacy; however, the descriptions and key elements go beyond how
scientific literacy is currently envisioned. For instance, in the dimension of content knowledge
we emphasized big ideas of science (Duschl et al., 2007; C. L. Smith, Wiser, Anderson, &
Krajcik, 2006; Stevens, Sutherland, & Krajcik, 2009) which allow individuals to explain and
predict a variety of phenomena and issues. The use of big ideas is consistent with the New
Science Education Framework being proposed in the US (NRC, 2010). In the habits of mind
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Description of Five Dimensions of Scientific Literacy for the 21st Century

Dimensions Description Key Elements
Content Integrated, context-based scientific understanding of =~ Big ideas that explain a
knowledge core science content that helps think within and host of phenomena

Habits of mind

Character
and values

Science as
human
endeavor

Metacognition and
self-direction

across the disciplines to understand and use this
understanding for socio-scientific issues

Current Scientific literacy: Understanding of basic
ideas and vocabulary

Competencies to solve complex personal, community
and global problems collaboratively with others by
critically examining issues, finding and using
resources, applying core ideas, and arguing for and
against positions using sufficient evidence and
reasoning to support claims

Current Scientific Literacy: Inquiry skills

Belief system and preferences to act responsibly with
respect to human life and compassion for other
human beings throughout the globe. This belief
system serves as a driving force for individuals to
act responsibly as citizens of technologically and
scientifically advanced 21st century society

Current Scientific literacy: Attitude, motivation

Understanding that science knowledge is a human
construct, theory-laden, tentative, based on
evidence, testable and creative

Understanding of collaborative and interdisciplinary
nature of science, and the relationship between
science and society

Current Scientific Literacy: Isolated silos of people
solving critical problems and science as finding out
how the world ““truly works”

Explicit understanding one’s own cognition and
cognitive ability in order to reflect upon one’s level
of knowledge to know if one understands, or if more
information is necessary. Such knowledge allows an
individual as life-long learners to check work, seek
new information to answer questions, decide if
more information is needed, out of their own
initiatives

Current Scientific Literacy: While in the literature, not
a focus for scientific literacy

Communication and col-
laboration

Systematic thinking

Use of evidence to support
claims

Information management

Ecological worldview

Socio-scientific
accountability

Social and moral
compassion

Characteristics of
scientific knowledge

Science and Society

The spirit of science

Self-directed planning
Self-directed monitoring
Self-directed evaluating

dimension, beyond inquiry skills, we included communication and collaboration skills and
information management skills such as finding and using resources and critically evaluating
their quality. And in the dimension of science as a human endeavor, we put emphasis
on understanding the collaborative and interdisciplinary nature of science. Moreover, we ex-
panded the affective realm into character and values, beyond attitudes and motivation toward
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Scientific Literacy for the 215t Century

Content Knowledge Habits of mind

. I

Metacognition ]
and Self-direction [
] I

Global context

Character _\—
and Values

I
1
/

[

]
I

I
]
Societal context |

Increasing Sophlistication

-

Personal context

Figure 1. Five dimensions of scientific literacy for the 21st Century.

science. Our portrayals of global citizens are active agents who take responsibility to
resolve global issues with moral and social compassion and ecological worldview. Lastly,
we included metacognition and self-direction as a major dimension of global scientific
literacy. Our consideration for including this dimension to the framework was initiated by
examining the opened-ended survey responses because this dimension is saliently missing
from other documents on scientific literacy. Yet, we see this dimension as critical for 21st
century scientific literacy as it is the process that ties the other four dimensions together and
supports an individual in reflecting and managing cognition and learning, in solving
complex problems, and dealing with challenging local and global issues. Some literatures
(e.g., Brown, 1987; Leahey & Harris, 1997; OECD, 2005) also support ideas associated
with metacognition. For instance, the OECD’s Definition and Selection of Competencies
(DeSeCo) Project (2005) also mentioned reflectiveness, which implies the use of metacogni-
tive skills, as “the heart of key competencies™ (p. 8), and stated ‘it (reflectiveness) is not just
about how individuals think, but also about how they construct experience more generally,
including their thoughts, feelings, and social relations. This requires individuals to reach
a level of social maturity that allows them to distance themselves from social pressures,
take different perspectives, make independent judgments, and take responsibility for their
actions” (p. 9).

After reaching a consensus on the five dimensions, we adapted Construct-Center Design
process (CCD) that focuses explicitly on clarifying and specifying content (Shin, Stevens, &
Krajcik, 2011) and carefully unpacked what each dimension and key element meant through
an extensive review of ideas from the literature on each of these dimensions. Details of each
dimension and key elements will be discussed in the next section.
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Phase 4: Validation of the Conceptual Framework With Expert Group

To receive feedback and validate our framework, we invited five science educators
from the US and Australia to review our documents. With each of the science educators,
we reviewed the unpacking of the framework together. And we clarified each element and
sentence on the basis of the feedback to finalize the conceptual framework.

A New Framework for the 21st Century Scientific Literacy

Table 6 provides an overview of the framework for 21st century scientific literacy that
includes a brief description and key elements of each dimension, and presents a brief compar-
ison to show how the dimension was previously described and what is new. Figure 1 presents
how each dimension is connected with another within the personal, societal, and global
context.

Content Knowledge

Content knowledge refers to the scientific concepts, the overarching principles and the
relationships among these ideas needed to describe and explain phenomena that individuals
encounter in their lives. Content knowledge is the common denominator in various descrip-
tions of scientific literacy. Benchmarks (AAAS, 1993) present a common core of science
ideas that all learners need and are expected to understand to obtain scientific literacy. NSES
(NRC, 1996) focus on a basic level of knowledge and understanding of scientific concepts
needed to make informed choices and decisions. NSES authors also support “less is more”
and state that the coverage of all topics, vocabulary, and information presented in textbooks
directly conflicts with students developing scientific knowledge with understanding. PISA
(OECD, 2004) describes content as helping individuals make sense of the natural world by
linking new experiences to them. Although publications like the Science for All Americans
(AAAS, 1989) and NSES (NRC, 1996) stress learning with depth rather than covering many
topics, the focus on covering many disciplinary content ideas continues to be practiced in
schools (Kesidou & Roseman, 2002; Roseman, 2010). Although documents like the Atlas of
Science Literacy (AAAS, 2001) discuss and show connections among ideas, the major limita-
tion of current conceptions of content knowledge is failure to see the relationships among
ideas and the lack of unifying or core ideas across science disciplines that serve as organizing
structures to build future ideas.

Key Elements of 21st Century Content Knowledge. Learners in the 21st century will
need to grapple with issues related to climate change, consequences of genetic engineering,
destruction of the environment, and lack of energy. Such problem solving will require learners
to have an integrated understanding of the big ideas of science (Duschl et al., 2007; C. L.
Smith et al., 2006; Stevens et al., 2009). Big ideas allow individuals to explain and predict a
variety of phenomena they experience in their daily lives and form the foundation for future
learning. By integrated understanding, we mean ideas connected to each other in such a
manner that allow learners to be aware of and be able to use relationships among various
ideas to predict phenomena as well as solve problems related to science and society
(Bransford et al., 1999; Linn & Eylon, 2006). Such conceptual understanding is key to solve
problems (NRC, 2005). Moreover, big ideas also cut across traditional disciplinary boundaries
(Millar, 2006; Tyler, 2007). This is a critical point because to solve challenging problems that
occur in a global society often requires integration of ideas that cross-disciplinary boundaries.

We have identified several big ideas including: energy, particle nature of matter, bio-
diversity, patterns of change, systems and interactions, sustainability, scale and structure, and
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evolution and equilibrium. Our selection of big ideas is similar to the set of major scientific
themes and their associated concepts put forth by OECD (2004) and the Conceptual
Frameworks for New Science Education Standards (NRC, 2010). A focus on only a few
powerful ideas is also consistent with Beyond 2000 (Millar & Osborne, 1998), OECD (2004),
and Millar (2006). We focus on big ideas because we see them as forming the foundation
necessary to build conceptual frameworks that allow learners to connect new ideas and re-
trieve information (Bransford et al., 1999) for long term and continuous learning throughout
an individual’s life (Duschl et al., 2007; C. L. Smith et al., 2006; Wilson & Berenthal, 2006).
It is our hope that they can form the foundation for realizing that less is covered in the
curriculum but that students learn more.

Habits of Mind

Habits of mind are important for individuals to develop, as they allow individuals to
explore the world scientifically and resolve socio-scientific issues and problems. Scientific
inquiry skills are often referred to as habits of mind. Inquiry skills have ranged from knowing
how to use scientific tools to take measurements to know what counts as evidence to support
a scientific claim (AAAS, 2007; NRC, 2000). However, our conception of habits of mind,
while including these abilities and skills, go beyond them to include complex capabilities to
solve problems and communicate with others. In the 21st century, science content knowledge
is expanding rapidly and will continue to expand. Therefore, it is important to prepare citizens
to become effective problem solvers by being able to communicate and collaborate with
others. People need to be able to understand the goals of group activities, share cognitive and
physical workloads, and assume appropriate roles and responsibilities. As such, habits of
mind become essential components for joint intellectual efforts in the 21st century (Dewey,
1910; Steinkuehler & Duncan, 2008).

Key Elements for the 21st Century Habit of Mind. Citizens of the 21st century will need to
solve complex problems, collaborate, and communicate their ideas to others. As such, we
emphasize the ability to solve personal, community and global problems collaboratively by
critically examining issues, finding and using resources, applying big ideas, considering mul-
tiple perspectives, using evidence and arguing for and against positions. We define four key
elements associated with developing habits of mind for the 21st century: communication and
collaboration skills, systematic thinking, the use of evidence to support claims, and build
arguments and information management skills.

Communication involves individuals interpreting both verbal and nonverbal information
from others in order to respond to the variety of demands in their daily lives and to build joint
understandings (AAAS, 2007). A skilled communicator selects key pieces of a complex idea
to express in words and images, in order to build shared understanding with others. Skilled
communicators can also detect bias, overgeneralization, and unsupported claims in arguments.
Collaboration includes knowing how to work, listen to, and communicate with a variety of
individuals from diverse backgrounds to build shared understandings (Dillenbourg, 1999).
Based on shared understanding, members use joint intellectual efforts and resources to inves-
tigate and resolve issues, problems, or questions and to actualize their understanding and
meanings.

Systematic thinking allows individuals to see connections and relationships among com-
ponents and use logical thinking about complex concepts and procedures to solve problems
and understand events. As such, systematic thinking leads to creative problem solving as a
result of flexible thinking and seeing connections. Blended with an integrated understanding
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of big ideas, individuals can think flexibly about a situation and take risks to create workable
solutions to problems that do not have straightforward approaches or solutions.

The hallmark of science is the use of evidence to support claims and build arguments.
This fundamental scientific practice of using evidence to support claims and arguments is not
only essential for scientists, but for all citizens. Citizens in the 21st century will need to know
how to evaluate claims and arguments for appropriate and sufficient evidence. The use of
evidence to support claims and arguments is part of the vision for scientific literacy by the
OECD (2004), stressed in the US national science standards (AAAS, 1993; NRC, 1996), and
recommended by the US National Research Council. The NRC in Taking Science to School
(Duschl et al., 2007) synthesizes the latest educational research for K-8 science teaching and
as a result advocates for students to generate and evaluate scientific evidence and
explanations.

Information management provides learners with competencies necessary to find, manage,
and evaluate information from one or more sources and to distribute that information to
others in an intelligible manner. Information management involves recording and organizing
large amounts of data, transforming data using tools, and reading and interpreting graphs. It
also involves traditional inquiry skills of finding, evaluating, and synthesizing information.
Moreover, learners need to know how to present this information using various techniques
and representations that can be understandable to a variety of audiences.

Character and Values

Current views of science literacy focus on students developing positive attitudes or inter-
est in science by creating contexts which students find motivating. The hope is that such
environments will allow learners to take issues seriously and then act on them. We agree that
interest and attitude are necessary, but they are not sufficient driving forces to engage students
as 21st century citizens.

Key Elements of Character and Value for the 21st Century. The 21st century will require
individuals to have the character and a value system that will enable them to act responsible
with respect to human life and allow them to show compassion for other human beings
throughout the globe. Individuals need to develop a value system and character that can serve
as a general guide or point of reference to support decision-making about global socio-scien-
tific issues (Berkowitz & Simmons, 2003; Hodson, 2003; Zeidler & Keefer, 2003; Zeidler,
Sadler, Simmons, & Howes, 2005). Once internalized, values and character will play a role
in guiding actions, motivating attitudes toward relevant situations, and considering moral
judgments about one’s self and others (Rokeach, 1968).

Although individuals learn scientific knowledge related to socio-scientific issues, practice
problem-solving skills, and develop understanding about different values in our society and
the world, they experience challenges simultaneously using the components (knowledge,
skills, etc.) with their own personal worldviews or values. For instance, Connell, Fien, Lee,
Sykes, and Yencken (1999) reported that 16-17 years old students in Australia who faced
environmental issues had overwhelming feelings of environmental concern but felt frustrated
and helpless because there were too many aspects to be considered. H. Lee, Choi, and Chang
(2006) found that college students considered their personal moral/ethical values, larger
worldviews, and feelings when making decisions; however, the responses suggested that most
did not take the socio-science issues seriously or merely quoted their own values without
further engagement. Not just limited to college students, Cross and Price (1999) point out
that many citizens view controversial scientific issues as outside their need and ability to
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judge. This work implies that science education needs to help individuals develop the charac-
ter and values that that will lead to the development of integrity and personal identify that
will allow individuals to take action as global citizens.

Blended with 21st century integrated knowledge and habits of mind, values, and charac-
ter provide the moral fabric individuals need to make decisions and take action for living in
the 21st century as global citizens who are compassionate and understand the cultures and
ideas of other people. We specify three key elements associated with developing a value
system for the 21st century: ecological worldview, socio-scientific accountability, and social
and moral compassion.

By ecological worldview we mean individuals develop the shared beliefs that all human
lives are connected and that humans and the environment operate as an interconnected system
with each component influencing the other. An ecological framework includes principles such
as individuals developing a personal affinity with the earth through practical experience and
ethics to care for the world (G. A. Smith & Williams, 1999, pp. 6-7). People with an ecologi-
cal worldview appreciate and make decisions based on the interdependence between humans
and the environment. They understand that individual actions influence and have ramifications
for the world in which they live. As such, they develop stewardship, and consider global
welfare and goodness as a group (Carr, 2002). Zandvliet (2004) enhances the ecological
framework and calls for an ““eco-sphere consciousness” that allows students to reflect on who
they are, what is important, and where they fit in nature. These reflections help individual’s
value and appreciate the enormity and beauty of nature, feel connected to it, and finally, take
responsibility for the environment. Like Zandvliet, we want students to form values and de-
velop themselves based on a conscious level of understanding.

Twenty-first century values also include socio-scientific accountability where individuals
understand how science is related to society and recognize their responsibility as stakeholders
on socio-scientific issues. Hodson (2003) emphasizes developing students’ own values with
respect to societal needs and taking sociopolitical action. Like Hodson (2003), we view one
central goal of science education as providing students with the knowledge, habits of mind
and commitment to take appropriate, responsible and effective action on social, economic,
environmental and moral-ethical issues. Those who hold a worldview for the 21st century
can identify contemporary socio-scientific issues and seek to take action to participate in the
decision-making process related to those issues to safeguard the world in which they live.
Twenty-first century citizens (1) lead personally fulfilling and responsible lives, (2) become
compassionate toward their fellow human beings and feel responsible to participate to protect
human rights, and (3) understand the impact of personal action and their contribution to
personal, societal, and global outcomes (Elmose & Roth, 2005; Hodson, 2003; Roth, 2003;
Roth & Lee, 2004).

Those with 2Ist century values also demonstrate social and moral compassion.
Compassion leads to understand the reasons for other peoples’ actions, as it requires empathy
(Ruiz & Vallejos, 1999). Twenty-first century literacy will require the development of empa-
thy for other human beings and the respect for other human beings and life throughout the
world. Individuals with 21st century values understand their own cultural background, and
recognize that others can have different cultural backgrounds and appreciate cultural
diversity.

Science as Human Endeavor

Science as human endeavor refers to individuals’ understanding of the nature of science
(NOS) in their personal, social, and global life. Individuals need to view science as a social
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activity that humans have practice throughout history (AAAS, 1989). Therefore, science
reflects social values and viewpoints. Science education researchers have emphasized the
importance of students’ argumentation and discourse on various socio-scientific issues
(Aikenhead, 2001; Driver, Leach, Millar, & Scott, 1996; Driver, Newton, & Osborne, 2000;
Solomon, 1992; Zeidler, 1997; Zeidler, Lederman, & Taylor, 1992) as an important aspect of
NOS. In order to make decisions as informed citizens on socio-scientific issues (Aikenhead,
1985; Kolstg, 2001; Mead & Scharmann, 1994; Zeidler, Walker, & Ackett, 2002), students
should also understand the social implications of science in the context of science—technolo-
gy—society (STS).

In the 1960s, the emphasis was on inquiry and science process skills (e.g., observing,
hypothesizing, inferring, interpreting data, and designing experiments). This perspective dom-
inated science education into the 1990s. Science for All Americans (AAAS, 1989) describes
three basic components underlying a sufficient understanding of the nature of science. The
first component is a perspective that science cannot provide answers to all questions. The
second is that scientific inquiry is based on imagination and the creation of explanations.
The third emphasizes an understanding of the social and political aspects of science.
NSES (NRC, 1996) have emphasized the historical, tentative, empirical, logical, and well-
substantiated nature of science. They also have suggested that skepticism and open communi-
cation are critical elements of NOS.

Key Elements of Science as a Human Endeavor for the 21st Century. Twenty-first century
scientific literacy requires a contemporary understanding of the NOS in order for individuals
to appreciate the relationship among science, technology, and society based on science as a
social activity. As such, understanding NOS helps students use scientific knowledge to make
decisions, resolve issues, and vote intelligently with respect to what science can and cannot
do. We also focus on science as a human activity. As citizens we need to make decisions
about how science is used in our world. Individuals need to understand important features of
science in order to deal with socio-scientific issues in a global context. Our focus on the
understanding of socio-scientific issues from a global perspective distinguishes our ideas of
science as a human endeavor from previous conceptions of NOS for scientific literacy.
We specify three key elements associated with science as human endeavor for 21st century
scientific literacy: characteristics of scientific knowledge, science and society, and the spirit
of science.

The essential characteristic of scientific knowledge results from human activity
(Lederman, 1992) and is based upon theories which humans construct. As such, the knowl-
edge scientists’ produce is tentative, subjective, and theory-laden. At the same time the claims
made by science are empirically testable. In addition, science has often developed through
creative insights (Abd-El-Khalick, 2001) that have provided more thorough models and expla-
nations of phenomena. However, science does not march towards “truth” as many falsely
believe. Understanding the characteristics of scientific knowledge helps us to apply scientific
knowledge when solving problems. Science as practiced is also becoming more interdisciplin-
ary where groups of scientists come together to solve challenging problems that require the
joint expertise of several individuals. This image of interdisciplinary science is in marked
contrast to images of the lone scientist working in his lab to solve problems.

Science and technology are essential social enterprises and provide knowledge and prod-
ucts that society can use to solve problems, but how that knowledge and the products of
science are used is a human decision. Science and technology only indicate what can happen,
not what should happen (NRC, 1996). This is the critical aspect of science and society, as
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people make decisions about how the knowledge and products from science and technology
are used.

Citizens should appreciate what science can reasonably contribute to society and what
science cannot do. Therefore, we emphasize understanding the nature of scientific knowledge
and its relation to society. We also see curiosity, creativity, intellectual honesty, tolerance of
ambiguity, skepticism, and openness to new ideas as important factors for citizens to under-
stand socio-scientific issues and respond to the challenges of decision-making in social and
global contexts. We refer to this as the “spirit of science” in which individuals use science
and tenets of the NOS to solve various socio-scientific problems.

Metacognition and Self-Direction

Metacognition and self-direction is the ability of an individual to actively use cognitive
resources to regulate his or her own thinking and the use of cognitive processes, such as
planning, monitoring, and evaluating, in order to improve understanding on their own initia-
tives (Collins, 1994; Leahey & Harris, 1997; Maitland, 2000). It is essential for adaptive
learning and lifelong learning for self-motivated pursuit of knowledge for enhancing social
inclusion, active citizenship, and personal development throughout life (Commission of the
European Communities, 2006; Department of Education and Science, 2000). As we move
further into the 21st century and the world will become an even more information and knowl-
edge driven society, the capacity to direct and regulate one’s own learning is crucial.
Although this dimension is certainly a key idea when it comes to learning (Beeth, 1998;
Blank, 2000; Bransford et al., 1999; Georghiades, 2004; Thomas, 2003), it is not discussed in
the literature on scientific literacy nor is it a focus of curriculum documents and learning
materials with the exception of few reformed-based curricula. In our conceptual framework as
shown in Figure 1, we locate metacognition and self-direction in the middle as it serves as an
integrating component, allowing a learner to reflect on the other dimensions. In other
words, metacognition serves an integrating role in governing the regulation of the other
four dimensions, as it is the essential capability that informs an individual if she thoroughly
comprehends or is prepared along a particular dimension.

Key Elements of Metacognition and Self-Direction for 21st Century Scientific Literacy. For
making decisions or choices on critical social issues or for solving complex everyday prob-
lems, twenty-first century citizens will face large quantities of new information for which
they will need to plan, monitor, or evaluate when they need more information, what informa-
tion they need, and whether they understand the information they find (Sutherland, Shin, &
Krajcik, 2010). Learning should take place on a daily basis through on-going interactions
with others and with the world around us to effectively use and take advantage of scientific
and technological innovation and change in the 21st century (Fischer, 2000). Thus, 21st cen-
tury scientific literacy will require the use of skills such as changing strategies, modifying
plans, and reevaluating goals in order to organize and direct cognitive endeavors in different
ways and to a different degree. Therefore, we identify three key elements associated with the
regulation aspect of metacognition for 21st century scientific literacy: self-directed planning,
self-directed monitoring, and self-directed evaluating (Brown, 1987; Leahey & Harris, 1997).
Researchers have emphasized that the regulation aspect of metacognition plays an important
role in obtaining meaningful understanding of science, and in deciding which strategies are
most appropriate for complex and nonroutine problem solving and decision-making (Shin,
Jonassen, & McGee, 2003).
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Self-directed planning helps an individual decide what needs to be done to accomplish a
particular task (e.g., solving problems or issues, making decisions) (Voss, Lawrence, &
Engle, 1991). It involves the selection of appropriate strategies and allocation of resources
that effect performance (Schraw & Moshman, 1995). It is the cognitive activity that allows us
to trade-off more complete and elaborate plans with the need for flexibility of action to decide
what steps need to be taken to finish a task in an efficient manner (Brown, Bransford, Ferrara,
& Campione, 1983). These emergent constructions arise from feedback from monitoring pro-
cess, as well as from reflections on the outcome of previous actions. The monitoring process
supports an individual in tracking his/her working process, and in noting his/her limitations,
and the effects of his/her efforts (Kluwe & Friedrichsen, 1985). Self-directed monitoring
refers to one’s awareness of comprehension and task performance while in the process of
performing a specific task (Nietfeld, Cao, & Osborne, 2005). It helps to examine the flow of
activities and evaluate each activity to make sure that the plan is working and being accom-
plished. Self-directed evaluating refers to appraise the products and regulatory process of
one’s learning (Schraw & Moshman, 1995). It allows the individual to look back on his/her
working process and decide if an appropriate resolution has been met (Sinnott, 1989). Those
with good evaluation skills can correct and modify strategies when obstacles are encountered
and when initial plans fail. Self-directed evaluating also helps an individual to reflect upon
past work and to adapt past experiences to similar learning activities in the future.

In the 21st century, metacognition and self-direction will play an even greater role for
global citizens as they encounter various problems that relate to personal, social and global
issues because of the enormous amount of knowledge and diverse cultures and values that
exist. With respect to content knowledge, metacognition and self-direction allows an individu-
al to decide if he grasps a particular idea and how it relates to other ideas. Knowing if one
understands an idea is a critical aspect when attempting to solve a problem. With respect to
habits of mind, metacognition and self-direction allows an individual to judge if she has
sufficient and appropriate evidence to support an argument. It also helps an individual judge
if her communication is clear or if she needs to re-explain the idea to others. When seeking
new information, an individual’s metacognition is critical to determine if the individual under-
stands the new information. With respect to character and value, metacognition and self-direc-
tion supports an individual in seeing how the perspectives of others are similar or different
from one’s own. It helps an individual in considering whether we are pursuing global welfare
on the basis of ecological consciousness and social/moral compassion. In addition, metacog-
nition and self-direction is the element that allows an individual to know if they are aware of
an issue, and if they are or are not acting responsibly or taking action. It is also critical for
comprehending and applying the nature of science for it allows an individual to evaluate the
limitations and affordances that different models might hold. Finally, it allows an individual
to be skeptical of new claims and pushes an individual to seek other possible ways of solving
various problems. Because metacognition works with each of the other components to pro-
mote understanding of these ideas, we see it as the component that connects the each of the
other elements.

Conclusion

As we move from a context that focuses on the individual and society to a more global
context, the science education community needs to rethink what all students need to under-
stand to live in the 21st century. We have redefined and expanded the view of scientific
literacy for South Korea by articulating and identifying new aspects of the four traditional
dimensions of scientific literacy as well as adding a vital fifth dimension, metacognition and
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self-direction. However, this framework also promises to be important for other nations
throughout the globe, as the framework represents a substantial and important addition to the
conception of scientific literacy. As with other frameworks, we include individual and society
perspectives. However, we move beyond these two perspectives and add a global perspective
as an additional and essential 21st century perspective that all citizens must hold in order to
be global citizens. Although the ideas in the framework align with those in OECD (2004);
Beyond 2000 (Millar & Osborne, 1998) and the New Conceptual Frameworks (NRC, 2010)
with respect to students understanding big ideas of science and the importance of evidence
and communications, the framework also calls for scientific literacy to include character and
values, and metacognition.

As such, the framework represents a new perspective for scientific literacy for South
Korea and, potentially for every nation. First, we emphasize the importance of learning a few
core ideas over time in the context of meaningful environments (Duschl et al., 2007; C. L.
Smith et al., 2006) in order for learners to build integrated conceptual understandings that can
be added to and developed throughout life. This is consistent with the direction that science
educators in South Korea are currently pursuing, but as of yet are not being practiced in
schools. As such, this is a major shift in the approach to learn that currently occurs in South
Korean schools and as such presents a new vision for curriculum reform and development.
We are concerned that our students are overwhelmed by too many scientific concepts and
vocabularies terms and will lose interest in science (Kim, 2001). As shown in the contrast
between PISA and TIMSS results, Korean students need to learn how to approach scientific
problems on the basis of integrated and context-based understanding of core science ideas.

Second, although science educators have historically stressed the importance of higher
order thinking and science processes (AAAS, 1993) and more recently the use of evidence to
support claims (Millar & Osborne, 1998; NRC, 2010), our framework stresses the importance
of communication and collaboration, systematic thinking including nonroutine problem solv-
ing, the use of evidence to support claims, and information management within the habits of
mind dimension. These aspects of habits of mind are essential capabilities for successful
citizenship in the 21st century, yet these ideas are not a focus of curriculum frameworks. The
survey results of Korean and US science teachers also supported this. Teachers do not much
pay attention to enhance information management and communication and collaboration
skills. Students need to learn how to put ideas together and work with others to come up with
novel solutions to challenging problems.

Third, the new framework goes beyond attitudes and motivation to focus on the develop-
ment of character and values as global citizens (Berkowitz & Simmons, 2003; Hodson, 2003;
Zeidler et al., 2005). This focus is a significant departure from previous views of science
literacy. In order to cope with the global socioscientific issues that occur in the different
places in the world and affect other parts of the world, we need to nurture individuals who
are able to appreciate diversity of values and cultures surrounding issues, to have compassion
for others, collaboratively construct values for the larger welfare, and ultimately take action.
South Koreans are threatened by nuclear weapons from North Korea, but this is not an issue
only for South Koreans, but one for welfare of individuals throughout the globe. Similarly,
devastating earthquakes have caused people in Japan and Chile to greatly suffer, but this
cannot be seen as only a local issue. Students can no longer remain passive about global
issues that impact the planet. The focus on values and character is a major shift in the
approach to learning that needs to occur in South Korean schools and in schools throughout
the globe. National Science Curriculum in South Korea only mentions ‘“‘interest in science,”
but the framework suggests that having interest in science and scientific issues is not enough.
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Beyond implementing STS materials (Zeidler et al., 2005), we need to consider developing
appropriate character and values so that individuals will take action.

Forth, understanding science as a human endeavor has been an important aspect of
science education (Abd-El-Khalick, 2001; Lederman, 1992) and stressed in most documents
related to scientific literacy (Millar & Osborne, 1998; NRC, 1996; OECD, 2004). For in-
stance, science content standards in NSES (NRC, 1996) include two categories of science and
technology, science in personal and social perspectives, and history and nature of science.
And more than 30 state level curriculum documents in the US mentions these aspects (H. Lee
& Chang, 2007). However, little work has been done in South Korean curriculum and class-
room instructions to help teachers and students understand that science is a human activity,
particularly with respect to understand science as a collaborative and interdisciplinary effort,
the tentativeness of science knowledge and how knowledge is theory laden. National Science
Curriculum in South Korea only includes ‘“‘understanding the interrelationship among science,
technology and society” as a subgoal (MEHRD, 2007). Recent work by Millar (2006) and
Schwarz et al. (2009) stress students engaging in more scientific practices like modeling and
the use of evidence and argumentation. Such work in classrooms that occurs over time holds
promise in helping learners develop more appropriate understandings of science as a human
activity.

The final dimension we consider in our picture of scientific literacy for the 21st century
is metacognition and self-direction. Although metacognition has been stressed in the literature
(Bransford et al., 1999) it is not a focus in the scientific literacy literature. And with the
exception of some research for developing new reform-based curriculum (see for instance,
Linn & Eylon, 2006), very little is actually done in curriculum materials to promote this
important aspect of learning. Because knowledge will continue to develop, all citizens will
need to seek new information to solve problems and make decisions. Metacognition and self-
direction helps plan and guide the learning of new information. This focus on metacognition
and self-direction also represents a significant departure from previous views of science
literacy and how instruction is done in most classrooms in South Korea and other nations.

As discussed earlier, we do not see these five elements as separate, but rather as five
elements that work together in an integrated fashion to form understanding. This focus of the
five elements developing together is a new focus for scientific literacy and for K-12 science
instruction. Our hypothesis is that if school systems in South Korea and worldwide work
together to design curriculum that help individuals develop these five elements in an integrat-
ed and blended way, individuals will develop very different capabilities and understandings
then students who graduate from current school systems. We will have a populace of learners
who know (1) how to seek information when needed, (2) when they do not understand,
(3) how to consider the views of others, (4) if they have enough information and evidence to
support their position and (5) if when other possible explanations are ruled out or tenable.
Moreover, what is critical and what does not happen in school systems throughout the world
is the focus of these five dimensions throughout the K-12 science learning experience. The
acceptance of this framework calls for long-term development of curriculum and assessment.
As such, this framework calls for major changes in South Korean schools and for other
nations who adopt this framework.

We hope this framework will serve as a call to the global science education community
to work together to improve the teaching and learning of science throughout the world. Noble
Laureate Leon Lederman, in his remarks at the World Conference On Science—Science For
The Twenty-First Century: A New Commitment (UNESCO, 2000) stated ‘“Universal science
education is a key to any hopes for ‘a new commitment of science for human welfare’”
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(p- 163). The framework could serve as a unifying vehicle for countries to work together to
improve the teaching and learning of science by sharing standards, curriculum, assessments,
and professional development plans. As such, it can be a guide to design and development of
new standards, curriculum materials, instructional techniques, and assessments not only for
South Korea, but also for other nations. As such, the framework can also serve to guide future
research on how students develop throughout the K-12 science learning experience. We con-
jecture that students who experience curriculum and instruction that focuses on the five
dimensions throughout their schooling will be very different individuals than those who now
graduate from our schools.

As we move forward we need to work together to clarify and refine each dimension of
the framework and to answer the following questions: What key ideas in science should be
our focus? How can we support students in building character and values that guide them in
decision-making? How can we help students develop important metacognitive capabilities?
How can we carefully craft curriculum that builds over time? How should teachers be pre-
pared to teach such a curriculum? How can we make use of breakthroughs in information and
computing technologies to support student learning about these new ideas? These are difficult
and challenging questions that we need to act on immediately; otherwise, we will fail to help
our students develop knowledge and capabilities they will need as 21st century citizens.
These questions represent only a small subset of questions that stem from the new framework.
Answers to challenging questions will need to be guided by research and what is known about
student learning. To answer these challenging questions and obtain the needed research will
require the collective effort of a diverse and international perspective.
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