Scientific literacy: California 4-H defines it from

citizens' perspective
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Scientific literacy is an important educational and societal goal. Measuring scientific
literacy, however, has been problematic because there is no consensus regarding the
meaning of scientific literacy. Most definitions focus on the content and processes of
major science disciplines, ignoring social factors and citizens’ needs. The authors devel-
oped a definition of scientific literacy for the California 4-H Program from the citizen’s
perspective, concentrating on real-world science-related situations. The definition
includes four anchor points: science content; scientific reasoning skills; interest in and
attitudes toward science; and contribution through applied participation. The defini-
tion provides the California 4-H Science, Engineering, and Technology Initiative with a
framework for future science curriculum and program development and implementa-
tion, educator professional development, and evaluation.
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large-scale assessments (e.g., NCES 2011)
has raised national concerns (NAS 2007).
Youth who lack foundational knowledge

and skills in science will neither be able
to pursue science careers nor participate
fully in helping to address challenges
such as climate change, future energy re-
sources and consumer food choices (NAS
2007).

Addressing scientific literacy was
identified as a Strategic Initiative of the
21st Century in the UC Agriculture and
Natural Resources (UC ANR) Strategic
Vision 2025 (Regents of UC 2009), a vision
statement to help guide UC ANR research
and extension programs through the early
part of the 21st century. Advancing sci-
entific literacy is described there as criti-
cal to “our collective future.” Strategies
outlined to help increase scientific literacy
through UC ANR included the develop-
ment, evaluation and extension of science
education programs for youth that use
effective pedagogy and increase civic
engagement.

While there is agreement that advanc-
ing scientific literacy among K-12 youth
is important, measuring it has been prob-
lematic since there is no consensus about
the meaning or component parts of scien-
tific literacy (DeBoer 2000; Roberts 2007).
Although “a veritable deluge of defini-
tions” (Roberts 2007, 729) have been devel-
oped, most have focused principally on
the content and processes of major science
disciplines while ignoring “the social as-
pects of science and the needs of citizen-
ship” (Lang et al. 2006, 179). Furthermore,
strategies used to assess scientific literacy
have operated traditionally from a deficit-
based viewpoint of what individuals
should know about key science concepts
considered to be important by scientists
(Falk et al. 2007; Laugksch 2000).

Falk et al. (2007) postulate that sci-
ence learning is contextualized; persons
within a community have unique science
knowledge bases due to the fact that each
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individual develops “an understanding
of a specific area of science because of
his or her unique, personal set of needs
and desires to know about this area of
science” (458). They argue further that an
asset-based approach to assessing science
understanding is more appropriate than
a deficit-based strategy. In this scenario,
measurements of scientific literacy focus
on individuals’ science understanding
and abilities within relevant contexts
(Falk et al. 2007). Referred to also as a
sociological approach to assessing scien-
tific literacy, this type of measurement
involves small-scale contextualized stud-
ies rather than large-scale investigations
that require representative samples from
populations (Laugksch 2000).

Defining scientific literacy or describ-
ing its component parts is critical in
order for the work of science program
development to progress. The absence of
a definition or agreed-upon understand-
ing makes it challenging to develop and
compare science programs, evaluate peda-
gogical strategies and perform outcome
evaluations (Roberts 2007). However,
because science learning is a function of
context, attempting to reach consensus
on a universal definition is imprudent
(Roberts 2007). Therefore, any definition
of scientific literacy “should be conceptu-
alized broadly enough . . . to pursue the
goals that are most suitable for [a given]
situation” (DeBoer 2000, 582).

Learning environments

Science learning environments may
be classified into three types: formal,
nonformal and informal. Formal science
education programs are classroom based,
occurring in K-12 schools during school
hours, with instruction facilitated by
trained teachers (Carlson and Maxa 1997).
Nonformal science education programs
(e.g., 4-H, Girl Scouts, summer science
camps) occur during out-of-school time
and are normally led by adult staff or vol-
unteer educators (Carlson and Maxa 1997,
Walker and Dunham 2002). Informal sci-
ence education programs (e.g., museums,
zoos, technology centers and aquaria) oc-
cur outside of a school setting during out-
of-school time and learning is typically
self-directed (Carlson and Maxa 1997).

4-H science education

Nonformal education programs have
become increasingly recognized as a vital

link in addressing scientific literacy (Falk
et al. 2007; National Research Council
2009). The 4-H Youth Development
Program is a nonformal youth educa-
tion program administered through the
national Cooperative Extension system.
Grounded in positive youth development
practices that are focused on helping
youth reach their fullest potential, 4-H
offers curriculum projects and activities
through county-based programs in all
50 states, the District of Columbia and
internationally. With a diverse array of
science-based curricula and resources
ranging across multiple disciplines (UC
ANR 2013), 4-H science programming is
facilitated by staff and volunteers through
hands-on experiential learning and in-
quiry strategies (Enfield et al. 2007).

In 2008, National 4-H strengthened
its commitment to science education by
introducing the 4-H Science Mission
Mandate (4-H Science). This national
effort provided strategic direction to im-
prove science curricula and resources,
professional development of staff and
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volunteers, partnerships with local, state
and national organizations and agen-
cies, fund development and evaluation.
In response, the California 4-H Youth
Development Program established its
4-H Science, Engineering and Technology
(SET) Initiative (UC ANR 2008). The pri-
mary goals of the initiative are to improve
youth scientific literacy through effective
programming and advance the research
base of nonformal youth science educa-
tion (Worker and Smith 2014). During the
2013-2014 program year, 82,545 youth
participated in SET projects in California
(California State 4-H Office 2014).

4-H science programming is grounded
in effective science pedagogy and positive
youth development practices. Individuals
develop an understanding of subject mat-
ter and advance their abilities through
interactions with their environment that
include youth-led investigations, ac-
tive questioning, facilitated reflection

The Sacramento County 4-H Children, Youth and
Families at Risk project focuses on science and
technology literacy in its afterschool program.
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and the application of knowledge and
skills in ways that address real-world is-
sues (Carver and Enfield 2006). Specific
youth development practices are adapted
from the National Research Council and
Institute of Medicine (NRC/IOM) (2002),
which include physical and psychologi-
cal safety, supportive relationships, youth
engagement, community involvement
and opportunities for skill building. The
targeted youth development outcomes are
the six C’s of positive youth development
— caring, contribution, confidence, com-
petence, character and connection (Lerner
et al. 2010).

Citizens’ perspective

Historically, as mentioned above, most
definitions of scientific literacy have fo-
cused on generalized knowledge related
to major science disciplines, principally
content and processes germane to sci-
entists as opposed to unique contexts or
situations where science is of relevance
to individual citizens (Roberts 2007).
These “within science” definitions repre-
sent what Roberts (2007) referred to as a
Vision I perspective of scientific literacy
that is situated within the disciplines
of science. In contrast, a Vision II per-
spective focuses on situations whereby
scientific literacy is positioned from the
viewpoint of the citizen and concentrates
on science-related situations individu-
als may encounter in their lives (Roberts
2007). Although elements of both Vision
I and Vision II are typically incorporated
into definitions of scientific literacy in
what Roberts (2007) refers to as “a kind of
mating dance wherein they complement
one another” (730), starting from a Vision
IT perspective is important when view-
ing science learning as a contextualized
phenomenon.

A Vision II perspective is essential to
define scientific literacy within the context
of the California 4-H Youth Development
Program. California 4-H educational pro-
gramming is guided by environmental,
social and economic issues (e.g., water
conservation, quality and security; alter-
native energy; food safety and security)
outlined in the UC ANR Strategic Vision
2025. A Vision II perspective allows the
component parts that comprise scientific
literacy to be specified broadly enough
that they address these diverse societal
issues yet also provide opportunities to
develop 4-H science programming that
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Fig. 1. Anchor points for youth scientific literacy in California 4-H.

is culturally relevant and specific to indi-
vidual county-based 4-H programs.
Despite the importance of a Vision II
perspective, however, elements of Vision
I cannot be ignored. The issues fac-
ing California outlined in the UC ANR
Strategic Vision 2025 require science- and
research-based solutions. Thus, specific
science content and practices (Vision I)
remain critical to developing scientific
literacy within California 4-H and must
be incorporated effectively into science
programming,.

Anchor points

For the purpose of connecting a
definition of scientific literacy within the
context of California 4-H to previously
published work, the authors completed
a systematic, analytical literature review
(Steward 2004). Specifically, the literature
review synthesized key themes from
relevant, peer-reviewed resources to help
develop new ideas and understanding.
Informed by this literature review, the
authors identified four anchor points to
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define scientific literacy within the con-
text of California 4-H: science content;
scientific reasoning skills; interest and at-
titude; and contribution through applied
participation (see fig. 1). These anchor
points provide guideposts for curriculum
and program development, teaching and
evaluation, and are flexible enough for ad-
aptation to local needs and situations.
Anchor point |: Science content.
Content understanding is a key compo-
nent of scientific literacy (Roberts 2007).
However, rather than viewing scientific
content as a generalized body of knowl-
edge from the perspective of what scien-
tists need to know (Vision I), the focus
of this anchor point is on science-related
content associated with issues relevant to
citizens of California (Vision IT) that were
identified in collaboration with stakehold-
ers from throughout the state (Regents of
UC 2009). Specific examples include water
resource management; sustainable food
systems; sustainable natural ecosystems;
food safety and security; management of
endemic and invasive pests and diseases;



energy security and green technologies;
and nutrition education and childhood
obesity.

Anchor point II: Scientific reasoning
skills. Scientific reasoning includes, gener-
ally, the cognitive skills needed to under-
stand and evaluate scientific information
(Giere et al. 2006). More specifically, it
includes skills necessary to engage in
the practices of science, such as asking
questions, collecting data, analyzing and
interpreting evidence, developing and
using models, planning and carrying out
investigations, making inferences and
constructing explanations based on data,
engaging in argumentation from evidence
and communicating results (National
Research Council 2012). Scientific reason-
ing skills are linked closely to the devel-
opment of scientific knowledge. To make
sense of scientific content, learners require
reasoning skills so they can critique their
knowledge claims and the claims of oth-
ers (Ford 2008).

Anchor point lll: Interest and attitudes.
Enhancing interest in and attitudes to-
ward science is essential to advancing
scientific literacy among youth and the
general population (National Research
Council 2009). The authors included
this as a third essential component for
scientific literacy within the context of
California 4-H, and it can be considered
from both Vision I and Vision II perspec-
tives: (1) education- and career-related
choices are shaped by interest and at-
titudes (Else-Quest et al. 2013) and there-
fore can improve the likelihood that
individuals will pursue careers in science
(Vision I); and (2) interest and attitudes
influence individuals’ motivation, behav-
ior and responses to science-related situ-
ations they encounter in their everyday
lives (Bybee and McCrae 2011). Improved
motivation can enhance willingness to en-
gage in science-related issues as citizens
in meaningful ways (Vision II) (Bybee and
McCrae 2011). Furthermore, improving
interest in and attitudes toward science is
particularly relevant to women and ethnic
minorities, groups that have more limited
educational opportunities in science and
are underrepresented in science-related
careers (e.g., Else-Quest et al. 2013).

Anchor point IV: Contribution through
applied participation. The authors
identified the authentic application of
knowledge and skills — application to
real-world issues — as the fourth critical

component for advancing scientific liter-
acy within California 4-H. In order to en-
hance understanding and appreciation of
context-specific science, Falk et al. (2007)
advocate engaging the public in science
by offering authentic, community-based
opportunities related to the science they
need or that interests them. The applica-
tion of knowledge and skills in real-world
contexts helps youth advance their critical
thinking skills, gain a deeper understand-
ing of science content (Jones 2012) and
begin to identify with a larger scientific
community (e.g., National Research
Council 2009). Furthermore, community
engagement in science promotes lifelong
learning, allows for authentic participa-
tion at multiple levels (Lave and Wenger
1991), favors autonomous thinking and

is a key element of experiential learning
(Kolb 1984). In 4-H, community engage-
ment is frequently carried out through
service learning whereby youth apply
knowledge and skills to address authentic
community needs (e.g., Smith et al. 2010).

Advancing 4-H science

Emphasizing a “focus-on-situations
approach” (Vision II) within the context
of California 4-H provides opportunities
for the systematic advancement of the
4-H SET Initiative using an asset-based
approach to understanding science. This
strategy emphasizes relevant science
knowledge that individuals learn for dif-
ferent reasons, including interest, need
and curiosity. The anchor points will be
implemented by the California 4-H SET
Initiative beginning in 2015. They will
help California 4-H administrators, aca-
demic staff and program staff to: frame
the development and adaptation of curric-
ulum materials; shape the content and de-
sign of professional development for 4-H
staff and volunteers; and use consistent
outcome goals for program evaluation.

Curriculum development and adapta-
tion. Deng (2011) describes three levels of
discourse regarding curriculum develop-
ment: institutional, “that which is valued
and sought after by members of a society”
(46); programmatic, which refers to the
translation of institutional goals into cur-
riculum documents and materials; and

Enhancing interest in science is essential
to advancing scientific literacy among
youth. Right, San Mateo County

4-H members feeding goats.
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classroom, that, when viewed broadly,
refers to the implementation of curricu-
lum activities by educators with their
target audiences. By defining scientific
literacy using a Vision II perspective, the
institutional and programmatic levels of
discourse concerning curriculum devel-
opment in California 4-H will be driven
by issues and situations important to
citizens of California outlined in the UC
ANR Strategic Vision 2025. Furthermore,
all curriculum materials, regardless of
science content area, will attend to anchor
points II (scientific reasoning skills), II
(interest and attitudes) and IV (contribu-
tion through applied participation). The
classroom level of discourse — curricu-
lum implementation — will be deter-
mined by the needs and interests of youth
in individual county-based 4-H programs.
This will allow each county-based pro-
gram to work collaboratively with inter-
nal and external stakeholders and focus
on specific issues within their county or
region.

Professional development. The knowl-
edge and skills of science educators have
a demonstrated positive effect on learner
outcomes; therefore, professional devel-
opment to build educators’ capacity is
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Applying knowledge to real-world issues is a
critical component of scientific literacy. Above,
planting the millionth tree in the 4-H Million Trees
Project, which was created by a 4-H member to
reduce atmospheric carbon dioxide.

an essential investment to advance sci-
ence learning (Stiles and Mundry 2002).
In California 4-H, effective professional
development is needed to build the capac-
ity of staff and volunteers to understand
the 4-H SET Initiative and implement ef-
fective nonformal science programming
(Schmitt-McQuitty et al. 2014; Smith and
Schmitt-McQuitty 2013).

Utilizing a Vision II approach to
defining scientific literacy will help in
designing professional development op-
portunities for 4-H staff and volunteers
that incorporate specific features consid-
ered critical to advancing the knowledge
and skills of science educators: emphasis

and make connections between concepts
and skills and their lived experiences”
(Cox-Petersen and Olson 2002, 105), their
attitudes towards science (Osborne et

al. 2003) and interest in science learning
activities (Krishnamurthi et al. 2013).
When viewing evaluation in this man-
ner, the four anchor points provide a
framework for consistent, measurable
learning goals that can be used for
formative (program and activity im-
provement) and summative (outcome)
evaluation of California 4-H SET pro-
gramming. Formative assessment using
the four anchor points will be used to
provide data-driven improvements with
respect to the development and adapta-
tion of curriculum materials, state and
county-based science programming,
and educator professional develop-
ment. Summative evaluation will target
the four anchor points through the use
of appropriate evaluation methods.
Specifically, the assessment of content
understanding (anchor point I) and
contributions made by learners through
applied participation (anchor point IV)
will be designed around the specific en-
vironmental, social and economic issues
outlined in the UC ANR Strategic Vision
2025 that are being addressed through
4-H SET programs. Scientific reason-
ing skills (anchor point II) and interest
and attitudes (anchor point III) will be
measured in all content areas and will
provide the opportunity for comparisons
across 4-H SET programs.

Benefits to California. Most aspects of
21st century life are impacted by science.
Associated political and economic chal-
lenges are complex and related decisions

Increasing scientific literacy can help advance economic
prosperity, enhance environmental sustainability, develop
energy technologies and improve human health.

environmental sustainability, develop
energy technologies and improve human
health (NAS 2007; Regents of UC 2009).

When viewing scientific literacy from
the perspective of societal infrastruc-
ture, it is important to acknowledge the
intersection between science and society
and the changing relationship between
science and the public. By emphasizing a
focus-on-situations approach to scientific
literacy (Vision II) (Roberts 2007), the
intersection between science and society
involves citizens in framing and resolv-
ing scientific issues as opposed to the
previous social contract science had with
society that was based on a degree of sep-
aration between scientists and the public
(Gibbons 1999). Gallopin et al. (2001) and
Gibbons (1999) discuss the importance
of developing a new contract between
science and society, one where science
has a more pragmatic aim that involves
the public in identifying and addressing
relevant issues, works within real-world
contexts and produces new knowledge,
products and processes that address spe-
cific societal needs.

Improving youth scientific literacy
through a Vision II approach can help
strengthen California’s economy by build-
ing the capacity of the future workforce
and advancing a new social contract
between science and society. By focusing
on science-related situations youth may
encounter in their daily lives, educators
can help advance their scientific literacy
in a manner that enables them to address
relevant issues related to agriculture,
the environment and human resources
outlined in the UC ANR Strategic Vision
2025. According to Feinstein (2011), this is
the fundamental usefulness of scientific
literacy: Helping individuals address
“meaningful problems in their lives,
directly affect their material and social
circumstances, shape their behavior and
inform their most significant practical and
political decisions” (169).

on subject matter knowledge (e.g., Penuel
et al. 2007); and linking professional
development to broader organizational
goals (e.g., Loucks-Horsley et al. 2003). For
4-H, the subject matter and organizational
priorities will be the science-related issues
of importance to California citizens.
Evaluation. The evaluation of nonfor-
mal science learning involves members
of the target audience demonstrating
“how they understand science concepts

require sound choices made by a scientifi-
cally literate populace (NAS 2007; Regents
of UC 2009). From this perspective, scien-
tific literacy can be viewed as an essential
form of human capital, one that is critical
to developing an informed and economi-
cally competitive societal infrastructure
with a productive and efficient work-
force (McEneaney 2003). Accordingly,
increasing scientific literacy can help
advance economic prosperity, enhance

Beyond California 4-H. The definition
of scientific literacy using four anchor
points developed for the California 4-H
Youth Development Program is adaptable
for use by other state 4-H programs. Since
the National 4-H Youth Development
Program includes, by its nature, 50
context-specific state programs, each ad-
dressing particular needs relative to the
youth populations they serve, the focus-
on-situations approach (Roberts 2007)
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used for California 4-H could be modified
and positioned around issues relevant to
circumstances in each state.

Specifically, anchor points I (science
content) and IV (contribution through ap-
plied participation) provide for adaptabil-
ity within different contexts. Individual
state 4-H programs could identify rel-
evant content and associated service
learning projects that provide youth op-
portunities for applied participation. For
example, science-related issues around
marine ecology could be a subject matter
and service learning focus for 4-H pro-
grams in some coastal states, whereas sus-
tainable agriculture might be a concern
germane to citizens in crop-producing
states in other parts of the country. In
comparison, anchor points II (scientific
reasoning skills) and III (interest and
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