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Preface

n the months leading up to the formation of the Academies’ Committee on

Science Literacy and Public Perception of Science, the committee’s chair

had an illustrative conversation with her 4-year-old granddaughter. While
walking outside one afternoon, the child reached down and plucked from the
ground a small acorn. Looking up at her grandmother, the child brandished
the acorn, saying, “Grandma, I’'m going to take this home so I can science it.”

As our chair’s granddaughter is observing here, science is a way of knowing
about the world. Just as this child alludes to the notion that the use of science
will help her understand something more or better about the acorn in front of
her, people have come to depend on science as way to help explain the world
around them. In this sense, science can help one understand what the acorn
is—what it is made of, why it exists—as well as provide the frameworks, stan-
dards, and methods within which to evaluate and create new knowledge.

How does science help everyone, as citizens of an increasingly intercon-
nected global community, know about the world? Over the course of about 6
months in 2015-2016, the Committee on Science Literacy and Public Percep-
tion of Science considered this issue and others in the context of a study on
the state of science literacy in the United States. In today’s world of immediate
access to information and ideas, what is the value of science literacy and how
do people know if they have it?

In responding to the charge to the committee, we have written a report
that considers how the definition of science literacy has expanded and shifted
over time in order to accommodate changing ideas about science. To reflect
those changes in the definition of science literacy, the committee has devoted

vii
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considerable attention to the way that science literacy operates in context. As
this report explains, the committee argues that science literacy can be more
than just an individual accomplishment and that communities (and societies)
can meaningfully demonstrate science literacy in ways that go well beyond the
aggregated science literacy of the people in them.

We found this idea particularly compelling at the community level: com-
munities faced with critical environmental issues—such as dangerous levels of
lead in their water supply, clusters of cancer or other illnesses, the prospective
consequences of fracking, road construction through communities or protected
areas, or the introduction of new industries—can achieve levels of sophistica-
tion in science literacy that transcend the knowledge or skills of any individual
in the community. Under these circumstances, communities not only enable sci-
ence literacy at the individual level, they also possess science literacy. We devote
Chapter 4 to the important phenomenon of community-level science literacy,
both to demonstrate that assessing the literacy of individuals does not capture
or characterize the emergent literacy of the community and to demonstrate
important sources of heterogeneity within nations and societies. Ultimately, it is
our goal to move beyond the “horse race” conceptualization of science literacy
as a way to judge the state of one nation against others, or to identify individuals
who are somehow lacking in knowledge.

Science literacy for individuals, communities, and societies emerges at the
interface of the knowledge, attitudes, and motivation of laypeople and the com-
municative efforts and trustworthiness of scientists. The scientific community
needs to take at least partial responsibility for creating an environment in which
science literacy can thrive. We envision a society that is infused by science
literacy, not in the sense that every person necessarily knows any specific set
of things about biology, chemistry, or physics, but in the sense that there is a
shared belief that scientific expertise can be trusted, that scientific misconduct
and fraud are rare, and that social organizations can and should be structured
to enable science literacy rather than prevent it.

Just like our chairperson’s granddaughter, we, too, believe that science is
one way of knowing about the world. For that reason, we believe it is important
that the public understand how scientists work to build increasingly robust
explanations by gathering and analyzing empirical evidence. It is our hope that
this report offers some insight into how that way of knowing can be an empow-
ering and enabling force for societies, communities, and individuals.

Catherine Snow, Chair

Kenne Dibner, Study Director
Committee on Science Literacy and Public Perception of Science
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Summary

cience is a way of knowing about the world. At once a process, a product,

and an institution, science enables people to both engage in the construc-

tion of new knowledge as well as use information to achieve desired ends.
Access to science—whether using knowledge or creating it—necessitates some
level of familiarity with the enterprise and practice of science: we refer to this
as science literacy.

Science literacy is desirable not only for individuals, but also for the health
and well-being of communities and society. More than just basic knowledge of
science facts, contemporary definitions of science literacy have expanded to
include understandings of scientific processes and practices, familiarity with
how science and scientists work, a capacity to weigh and evaluate the products
of science, and an ability to engage in civic decisions about the value of science.
Although science literacy has traditionally been seen as the responsibility of
individuals, individuals are nested within communities that are nested within
societies—and, as a result, individual science literacy is limited or enhanced by
the circumstances of that nesting.

In response to a request from the National Institutes of Health (NIH), the
National Academies of Sciences, Engineering, and Medicine established an ad
hoc committee to study the role of science literacy in public support of science.
The study committee, composed of 12 experts across an array of research areas,
was tasked with considering existing data about science literacy and health
literacy and research on the association of science literacy with public support
of science, health literacy, and behaviors related to health. The committee was
asked to synthesize the available research literature on science literacy, make

Copyright © National Academy of Sciences. All rights reserved.
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2 SCIENCE LITERACY

recommendations on the need to improve the understanding of science and
scientific research in the United States, and consider the relationship between
science literacy and support for and use of science and research. In addition,
the statement of task guiding this study asked the following questions:

e What is the consensus on metrics for science literacy in the United
States?

e What is the evidence on how those measures have changed over time?

e How does this compare to other nations?

e What is the evidence of enhanced science literacy on:

Support for, attitudes on, and perception of scientific research?

Use of scientific knowledge?

Perception of U.S. international standing in science?

Health literacy?

Behaviors related to health?

e Is lack of science literacy associated with decreased support for science
and/or research?

o O O O O

DEFINING AND MEASURING SCIENCE AND HEALTH LITERACY

Science literacy is often construed as knowing the basic facts established
by science, but the concept entails much more. We identified three aspects of
science literacy common to most applications of the term: content knowledge,
understanding of scientific practices, and understanding of science as a social
process. We also identified four additional aspects of science literacy that,
while less common, provide some insight into how the term has been used:
foundational literacy, epistemic knowledge, identifying and judging scientific
expertise, and dispositions and habits of mind. Given this range of aspects, it
is not surprising that there is no clear consensus about which aspects of science
literacy are most salient or important. Different aspects may be more or less
important depending on the context.

CONCLUSION 1 The committee identified many aspects of science liter-
acy, each of which operates differently in different contexts. These aspects
include (but may not be limited to): (1) the understanding of scientific
practices (e.g., formulation and testing of hypotheses, probability/risk,
causation versus correlation); (2) content knowledge (e.g., knowledge of
basic facts, concepts, and vocabulary); and (3) understanding of science as
a social process (e.g., the criteria for the assignment of expertise, the role
of peer review, the accumulation of accepted findings, the existence of
venues for discussion and critique, and the nature of funding and conflicts
of interest).

Copyright © National Academy of Sciences. All rights reserved.
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Though science literacy has been defined in many ways, the aspects high-
lighted above are some of the most common ideas emerging in the literature,
and they represent what some scholars expect would be useful or valuable for
individuals using science in their lives, interacting with science information,
and making decisions related to science. When considering why science literacy
itself would be valuable, some scholars emphasize a personal rationale, defining
the term in the context of how science knowledge and knowledge of science
can be beneficial to people in their daily lives. Indicators developed to measure
science literacy have focused on creating a marker for science knowledge and
differentiating between individuals’ capabilities.

CONCLUSION 2 Historically, the predominant conception of science
literacy has focused on individual competence.

We identify foundational literacy as one aspect of the definition of science
literacy. For the purposes of this report, the committee includes numeracy as
part of foundational literacy. As such, foundational literacy encompasses the
skills and capacities necessary to process and be fluent in the use of words,
language, numbers, and mathematics. Domain literacies, like science literacy
and health literacy, emerge when a particular set of knowledge or competencies
become socially important. The committee recognizes that all domain litera-
cies depend on foundational literacy but may also encompass other skills and
knowledge.

CONCLUSION 3 Foundational literacy (the ability to process information—
oral and written, verbal and graphic—in ways that enable one to construct
meaning) is a necessary but not sufficient condition for the development of
science literacy.

Formal definitions of health literacy have developed independently of defi-
nitions of science literacy. Because the health literacy field has focused on health
behaviors and outcomes, research has examined how health literacy operates
in a wide variety of settings and media and has uncovered structural impedi-
ments in the health care system. Features of these new, more comprehensive
definitions of health literacy, which include aspects such as (1) system demands
and complexities as well as individual skills and abilities; (2) measurable inputs,
processes, and outcomes; (3) potential for an analysis of change; and (4) link-
ages between informed decisions and action.

CONCLUSION 4 Concerns about the relationship of health literacy to
health outcomes have led to a reconceptualization of health literacy as a
property not just of the individual but also of the system, with attention

Copyright © National Academy of Sciences. All rights reserved.
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4 SCIENCE LITERACY

to how the literacy demands placed on individuals by that system might
be mitigated.

This reconceptualization of health literacy informed the committee’s
understanding of science literacy. As a result, the committee supports expand-
ing contemporary perspectives on science literacy to encompass the ways that
broader social structures can shape an individual’s science literacy. In addition,
the committee questions the common understanding that science literacy is,
or should be seen only as a property of individuals—something that only indi-
vidual people develop, possess, and use. Research on individual-level science
literacy provides invaluable insight, but it likely offers an incomplete account
of the nature, development, distribution, and impacts of science literacy within
and across societies. The committee asserts that societies and communities can
possess science literacy in ways that may transcend the aggregation of individu-
als’ knowledge and accomplishments. The committee’s stance here is relatively
new to the field of science literacy: it emerged as a direct result of the opportu-
nity to examine science literacy in relationship to health literacy.

In light of this understanding, the committee organized its thinking about
the questions posed in the charge by examining evidence at three levels of
science literacy: the society, the community, and the individual. We chose this
organization to contrast purposefully with the default understanding of literacy
as an individual accomplishment. As a result, the committee chose to delve first
into what science literacy looks like at its largest level of social organization—
the society.

SCIENCE LITERACY AT THE LEVEL OF SOCIETY

There are four primary rationales for the importance of science literacy:
personal, economic, democratic, and cultural. Each of them makes claims about
the value of science literacy for nations and societies. Perhaps the most com-
monly heard claim is that a more science-literate population helps democratic
societies make prudent and equitable decisions about policy issues that involve
science. Currently, the available evidence does not provide enough information
to draw conclusions on whether such claims are justified or not.

Research on science literacy at the level of a nation or whole society can be
split into two perspectives. We refer to the first one as the aggregate perspec-
tive—empirical work that aggregates data about individuals, usually collected
through large public opinion surveys or tests with samples representative of a
population, and examines patterns in the whole or by groups. The vast majority
of scholarly inquiry at the society level in the field of science literacy, as well as
the public discourse, has focused on the aggregate perspective. We refer to the
second one as the structural perspective—an alternative way to consider science
literacy at the society level by examining the role of social structures. Social

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

SUMMARY 5

structures could include (but would not be limited to) formal policies and
institutions (e.g., schools and the scientific establishment) and emergent cul-
tural properties, such as norms of political participation, social and economic
stratification, and the presence of diverse groups and worldviews. There is very
little research on science literacy from a structural perspective.

Currently, what is measured on science literacy at the society level comes
from large public opinion surveys among adults and survey tests of adolescents
in many countries. Indicators of adults’ knowledge of science are limited to a
narrow range of measures on public surveys. It is difficult to draw strong con-
clusions on cross-national performance from these measures. However, survey
responses over time have shown much stability in terms of average performance
on knowledge questions, and no country for which there are data consistently
outperforms other countries on all questions.

CONCLUSION 5 The population of adults in the United States performs
comparably to adults in other economically developed countries on most
current measures of science knowledge.

The large public opinion surveys in different countries also include mea-
sures of attitudes toward science. On these measures, there are many similarities
among countries, and response trends have been stable across multiple survey
years, particularly in the United States (for which there are more data). The
percentage of respondents reporting positive attitudes has been (and remains)
quite high, notably in regard to the perceived benefits created by science for
societies and support for scientific research.

CONCLUSION 6 Current evidence, though limited, shows that popula-
tions around the world have positive attitudes toward science and support
public funding for scientific research. These attitudes have been generally
stable over time. In addition, the same evidence reveals an overall high level
of trust in scientists and in scientific institutions.

In reviewing the literature and data from surveys on science literacy, as
well as those on foundational literacy and health literacy, the committee found
significant disparities in knowledge and access to knowledge. Much more is
known about disparities in foundational literacy and health literacy than dis-
parities in science literacy. The committee encourages new research in this area
to examine the extent of disparities in science literacy and the social structures
that contribute to them.

CONCLUSION 7 Within societies, evidence shows that severe disparities

in both foundational literacy and health literacy exist and are associated
with structural features such as distribution of income and access to high-
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quality schooling. Though direct evidence for such structural disparities
in science literacy is scarce, we conclude they too exist, in part because
the possession of foundational literacy is so integral to the development
of science literacy

SCIENCE LITERACY AT THE COMMUNITY LEVEL

Evidence from case studies suggests that science literacy can be expressed
in a collective manner—i.e., resources are distributed and organized in such
a way that the varying abilities of community members work in concert to
contribute to their overall well-being. Science literacy in a community does not
require that each individual attain a particular threshold of knowledge, skills,
and abilities; rather, it is a matter of that community having sufficient shared
capability necessary to address a science-related issue. Examples of such col-
lective capability and action abound.

However, research does not yet show the extent to which communities are
able to mobilize to respond to issues at a local level or what features of particu-
lar communities enable them to develop and deploy science literacy in effective
ways. Evidence from case studies suggests that the success of communities is
constrained by structural conditions and depends, at least in part, on the devel-
opment of scientific knowledge throughout the community and the organiza-
tion and composition of the community, including the strength and diversity of
relationships with scientists and health professionals, scientific institutions, and
health systems. The data show that particularly under-resourced communities
are more susceptible to the types of environmental and health crises in which
science literacy-informed community activism would be crucial, yet they often
have the least access to resources that support development and use of science
literacy. Additional research is needed to understand the various features and
contexts that enable or prevent community science literacy and action.

CONCLUSION 8 There is evidence from numerous case studies that
communities can develop and use science literacy to achieve their goals.
Science literacy can be expressed in a collective manner when the knowl-
edge and skills possessed by particular individuals are leveraged alongside
the knowledge and skills of others in a given community.

The committee also finds that communities can and do contribute to new
scientific knowledge in diverse and substantive ways, often in collaboration with
scientists. Community involvement has helped to bring new questions to light,
provide data that would otherwise be unavailable, encourage the integration of
qualitative and observational data with experimental data, increase the robust-
ness and public relevance of data collection strategies, garner political and com-
munity support for conclusions, produce new instruments and technologies,
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and build community awareness and knowledge. Though the evidence describ-
ing this phenomenon is still case based, the committee finds that the creation
of new scientific knowledge is a compelling demonstration of science literacy.

CONCLUSION 9 Based on evidence from a limited but expanding num-
ber of cases, communities can meaningfully contribute to science knowl-
edge through engagement in community action, often in collaboration with
scientists.

SCIENCE LITERACY AT THE INDIVIDUAL LEVEL

Research on science literacy at the individual level has largely assessed
individuals’ knowledge using content knowledge assessments and measures
of understanding of scientific principles administered through large public
surveys. These widely used surveys have provided valuable insight into science
knowledge, but constraints on length and demands for comparability over time
and across nations mean that they may be limited in what they can capture
about science literacy. The existing empirical evidence at the individual level on
the value of science literacy is drawn largely from two separate research fields:
science literacy and health literacy. Studies on the impact of health literacy have
largely examined the relationship between knowledge and behaviors related
to health. In contrast, most of the literature on science literacy assesses the
relationship between science knowledge and attitudes toward, perceptions of,
and support for science.

CONCLUSION 10 Research examining the application of science literacy
and health literacy has focused on different things: studies on the impact
of health literacy have looked for impact on health-related behaviors and
actions (e.g., compliance with medical advice, shared decision making,
etc.), whereas studies on the impact of science literacy have mostly exam-
ined its relationship to individual attitudes toward science and support for
scientific research.

Attitudes have been measured by assessing the adult population’s evalua-
tion of the social impact of science and technology. These attitudes have been
further separated into two groups: a set of broad attitudes toward science and
technology that reflect an individual’s assessment of the scientific research
enterprise generally and a more focused set of attitudes toward specific scien-
tific controversies, such as nuclear power, climate change, stem cell research,
and genetically modified foods. Findings demonstrate that context matters
when looking at the relationship between knowledge and perceptions of and
support for science. Though science knowledge plays a role, many other factors
influence an individual’s support for science and scientific research.
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Science Literacy: Concepts, Contexts, and Consequences

8 SCIENCE LITERACY

CONCLUSION 11 Available research does not support the claim that
increasing science literacy will lead to appreciably greater support for sci-
ence in general.

Though there appears to be a small, positive relationship between general
science knowledge and general attitudes toward science, scholars have shown
that this relationship becomes more complicated when assessing science knowl-
edge and attitudes toward specific science issues. Knowledge impacts diverse
sub-groups in the population differently depending on a host of factors, includ-
ing levels of religiosity, political predispositions and worldviews, and scientific
deference. These patterns seem to vary depending on the specific scientific issue
being explored and the culture in which the data are collected. In fact, there
is often an interaction between knowledge and worldviews such that enhanced
knowledge has been associated, in cases of controversial issues, with increased
polarization, affecting attitudes toward those specific science issues.

CONCLUSION 12 Measures of science literacy in adult populations have
focused on a very limited set of content and procedural knowledge ques-
tions that have been asked within the constraints of large population sur-
veys. Though available measures are limited in scope, evidence suggests
they are reasonable indicators of one aspect of science literacy, science
knowledge. Studies using these measures observe a small, positive relation-
ship between science literacy and attitudes toward and support for science
in general.

CONCLUSION 12a An individual’s general attitude toward science

does not always predict that same individual’s attitude toward a specific

science topic, such as genetic engineering or vaccines.

CONCLUSION 12b Some specific science issues evoke reactions based

on worldviews (e.g., ideology, religion, deference to scientific authority)

rather than on knowledge of the science alone.

Research examining the relationship between science literacy, health lit-
eracy, and behaviors related to health is limited, but the available examples
highlight the weak correlation between science literacy, health literacy, and
behaviors. Like the relationship between science knowledge and attitudes
toward science, the causal pathway between science literacy, health literacy,
and behaviors is complex and mediated by a number of personal and external
factors.

These weak relationships suggest that efforts to simply promote knowledge
and understanding to change behavior or attitudes may have limited results.
Efforts should focus on increasing knowledge while also removing impediments
to actions and lowering the literacy demands of particular situations.
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CONCLUSION 13 The commonly used measures of science and health
literacy, along with other measures of scientific knowledge, are only weakly
correlated with action and behavior across a variety of contexts.

MOVING FORWARD THROUGH RESEARCH

The committee offers a conceptualization of science literacy at multiple
levels of social organization that is relatively new to the field of science literacy.
In order to demonstrate the value of this conception, it will be necessary to
develop an evidence base that investigates science literacy in all its complexity.

Recommendation: The committee recommends that, in keeping with con-
temporary thinking, the scientific community, the research community, and
other interested stakeholders continue to expand conceptions of science
literacy to encompass (a) an understanding of how social structures might
support or constrain an individual’s science literacy and (b) an understand-
ing that societies and communities can demonstrate science literacy in ways
that go beyond aggregating the science literacy of the individuals within
them.

Recommendation: The committee recommends that the research com-
munity take on a research agenda that pursues new lines of inquiry around
expanding conceptions of science literacy.

The committee notes many places where further research would inform
thinking about science literacy. In Chapter 6 we outline a series of research
questions as a way of thinking about creating new measures and expanding the
information available to better understand. Our questions cover four broad
topics: (1) the relationship between science knowledge and attitudes toward
science; (2) the utility of science literacy; (3) the relationship of science literacy
to other literacy skills; and (4) the role of science literacy for citizens as deci-
sion makers.
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Introduction

he work of science is complex: it is a process, a product, and an insti-

tution. As a result, engaging in science—whether using knowledge or

creating it—necessitates some level of familiarity with the enterprise
and practice of science; we refer to this as science literacy. Knowledge of basic
science facts is but one small part of the constellation of features that can con-
stitute science literacy. In this report, we document what is known about the
components of science literacy, the contexts in which it arises and is used, the
foundational literacy and numeracy skills that are prerequisite to it, and the
ways in which it is applied, supported, and constrained.

Americans have an ongoing and multifaceted relationship to science. At
times in the nation’s history, the shifting nature of this relationship has been
marked by heightened concern about the ability of Americans to understand,
participate in, appreciate, and engage with science, with various stakeholders
bemoaning what they perceived to be Americans’ decreasing science literacy
and worrying about the uncertain future of a citizenry they see as disengaged
from or ambivalent toward science.

Despite these episodes of handwringing, the available evidence about the
science literacy of the American public does not paint a universally dark pic-
ture. As contemporary understandings of science literacy have evolved, so too
has the research on what Americans know about science and what they are
able to do with that knowledge. This evolution has led to asking and answering
questions such as: How should science literacy be defined? How can science
literacy be measured? How does science literacy connect to behavior? Is there

11
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a connection between science literacy and public support for science? These
questions form the background for the committee’s study.

COMMITTEE CHARGE AND APPROACH

In response to a request from the National Institutes of Health (NTH),
the National Academies of Sciences, Engineering, and Medicine convened an
expert committee to examine the role of science literacy in attitudes toward and
public support for science, and its relationship to health literacy and health-
related behaviors. The specific statement of task for the committee is shown
in Box 1-1.

The 12-member committee included experts in several relevant disciplines
and areas: science literacy, health literacy, education and learning sciences,
international comparisons, survey methods and statistics, and psychometrics
and attitude measurement. The committee considered existing data about
science and health literacy, research on the association of science literacy with
public support of science, health literacy, and behaviors related to health.

BOX 1-1
Committee Statement of Task

The committee will consider existing data about science and health literacy,
research on the association of science literacy with public support of science,
health literacy, and behaviors related to health. The committee will prepare a final
report that synthesizes the available research literature on science literacy and
makes recommendations on the need to improve the understanding of science
and scientific research in the United States, as well as identifying gaps in our
understanding of the relationship between science literacy and support for and
use of science and research.

The committee will address the following questions:

What is the consensus on metrics for science literacy in the United States?
What is the evidence on how those measures have changed over time?
How does this compare to other nations?

What is the evidence of enhanced science literacy on:

Support for, attitudes on, and perception of scientific research?
Use of scientific knowledge?

Perception of U.S. international standing in science?

Health literacy?

Behaviors related to health?

O O O O O

s lack of scientific literacy associated with decreased support for science
and/or research?
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Interpreting and Addressing the Charge

A major challenge in addressing the charge is the relatively limited array
of metrics available for measuring science literacy. As this report describes, the
measurements available for cross-national comparisons are thoughtfully devel-
oped but limited in scope and depth. Because these assessments are adminis-
tered to nationally representative samples through the use of costly and labor-
intensive surveys, they must be succinct—and, as a result, have often focused
on the sort of science knowledge items that can be administered quickly. But
many scholars now agree that knowledge of science content falls short of fully
representing the construct of science literacy as it is now understood.

In addition, although it is straightforward to document differences across
nations or across ethnic groups on those content measures, explaining them is
more difficult. It is clear that for some analytic purposes more information is
needed—information, for example, about the level of knowledge across mul-
tiple domains of science and health, as well as knowledge about the processes
scientists engage in and how science epistemology differs from other ways of
knowing. The limitations of the commonly used metrics constrain the extent to
which the committee can answer the specific questions posed in the charge: in
the absence of richer and more complete measures of science literacy, we must
often limit our conclusions to what is known about knowledge of an array of
science facts and a very limited set of science processes. This report addresses
these issues throughout.

Because the charge mandates that this report concern itself chiefly with
science literacy,! it is the primary lens throughout much of this report. We
have attempted as much as possible to differentiate between health literacy and
science literacy when the specific point requires it, noting throughout the chal-
lenge embedded in teasing health literacy and science literacy apart.

The committee considers health literacy as an important domain that is
closely related to and somewhat overlapping with science literacy, though the
history and recent developments in the scholarly work on health literacy have
been quite different than that on science literacy. Because NIH asked the com-
mittee to assist the agency with understanding a potential relationship between
science literacy and health literacy, the committee sought research that illumi-
nated the connection across fields: we found few studies. This lack of research
made it difficult for the committee to develop an empirically driven discussion
of how science literacy and health literacy overlap and how they are distinct. In

'The committee notes that research oscillates between the terms “science literacy” and “scientific
literacy.” The committee cites research and evidence throughout this report that employ both terms.
The committee prefers the term “science literacy,” but uses “scientific” if specifically quoted. The
committee declined to perseverate over the meaning of the specific language, given that research
uses the words interchangeably to mean similar ideas.
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responding to the statement of task, we use examples from the field of health
literacy, as applicable, in order to highlight the overlap across the two fields.

This study was conducted on a notably short timeline of less than 1 year.
In order to meet this timeline, the committee elected to address a narrow inter-
pretation of the study charge, which reflects the specific language provided by
NIH. As a result, the committee was not able to comment on many interesting
and evocative topics that are relevant to the topic of science literacy. There is an
unending list of both potential predictors of and consequences for science lit-
eracy, and the committee could have proceeded in any number of directions in
investigating these ideas. In particular, given committee members’ expertise, the
committee would have been particulatly interested in examining the acquisition
of science literacy through both formal and informal education. Similarly, the
committee focuses on adult populations and trends in adult data throughout
the report. Unfortunately, both time and the specific charge to the committee
precluded delving into many topics in depth.

In addition, the committee was mindful that a companion Academies’
report on the science of science communication was under way during the time
of our investigations. Though the work of the science of science communication
study in no way influenced the committee’s deliberations, we chose to leave
issues related specifically to science communication to that committee. Though
the committee is interested in how the institutions of science communicate
with the public and the consequences of those interactions, that topic, too, was
deemed outside our scope given the time available, the other committee’s work,
and the specific charge from NITH.

The statement of task specifically asks the committee to make “recom-
mendations on the need to improve the understanding of science and scientific
research in the United States.” The committee grappled with the underlying
assumptions embedded here. Throughout this report, the committee aims to
challenge traditional understandings of science literacy, and as a result we note
many places at which expanding conceptions of science literacy would require
further research. That is, in order to fully understand whether or not there s
a need to improve the understanding of science and scientific research in the
United States, it would first be necessary to solidify an evidence base that inves-
tigates science literacy in all its complexity. Again, in order to be responsive to
both the charge and the study timeline, the committee did not take on the issue
of how to improve science literacy, even though that issue is both important
and relevant.

In addition to the specific language discussed above, the committee notes
a number of places in the statement of task that reflect assumptions about both
the concept of science literacy and its utility. These assumptions are particularly
noteworthy in the request for the committee to consider evidence of “enhanced
scientific literacy on” a list of suggested outcomes, presupposing a relationship
between science literacy and those outcomes. Throughout the report, the com-
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mittee attempts to identify and delineate those assumptions where appropriate
while responding to the specific charge from NIH.

Reframing Science Literacy

A first task faced by the committee was to decide how to conceptualize
science literacy. We reviewed many definitions and approaches to measure-
ment, considered how those definitions and measurements have changed over
time, and catalogued the many aspects of science literacy that have emerged
(see Chapter 2 and Appendix A). The committee recognizes that individu-
als are nested within communities that are nested within societies—and, as
a result, individual literacy skills are limited or enhanced by these multiple,
nested contexts. In keeping with recent literature on this issue, throughout this
report the committee reflects on the ways that social structures might inform
the development of an individual’s science literacy. Research on individual-level
science literacy provides invaluable insights, but on its own offers an incomplete
account of the nature, development, distribution, and effects of science literacy
within and across communities and societies.

The committee emphasizes another important finding emerging in the liter-
ature in its use of the term science literacy in this report: a science literate soci-
ety is more than the aggregation of science literate individuals. A science literate
society or community is a social organization, with traits that can transcend the
average knowledge or accomplishments of individuals in that society or com-
munity.? In light of this broad understanding of science literacy, the committee
organized its work to answer the questions posed in the charge by examining
evidence at three levels of science literacy: the society, the community, and the
individual. We chose this organization to contrast purposefully with the default
understanding of literacy only as an individual accomplishment.

FOUNDATIONAL LITERACY

The committee emphasizes that science literacy is the application of foun-
dational literacy skills to a particular domain. Thus it is important to first con-
sider what is meant by “literacy” when it comes with no qualifiers or modifiers.
Literacy as a term and a concept has great usefulness and seemingly boundless
semantic potential, such that it is used to refer to an ever-larger array of ideas,
and the central concept has drifted dramatically from its original meaning. The

2In a society, people have direct and indirect social connections; in a community, individuals are
more closely connected due to shared environments and interests. A community that demonstrates
science literacy, for example, might proactively coordinate to monitor whether tap water is potable
or could organize to advocate for a specific environmental objective. Chapters 3 and 4 offer in-
depth discussions of science literacy at the society and community levels, respectively.
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origin is letra, Latin for letter, and literacy once very simply referred to the
capacity to recognize letters and decode letter strings into recognizable words,
along with the concomitant capacity to write words and sentences. That cir-
cumscribed meaning has long been transcended, and for the purposes of this
report, the committee uses the term “foundational literacy” in reference to the
set of skills and capacities described below. The committee asserts that these
skills and capacities are effectively foundational to all other domains of literacy,
including science literacy.

Even within the field of reading, foundational literacy has been defined in
different ways in different historical periods, under different educational poli-
cies, through various assessment priorities, and for different segments of the
population. The “three Rs” notion of reading that prevailed in the first half of
the 20th century was relatively limited—reading mostly meant pronouncing
words correctly. That limited notion has been reinforced in public education by
efforts to promote grade-level reading, based on the theory that instruction that
ensures accurate and fluent decoding by the end of 3rd grade will lead to later
comprehension and mastery of other reading literacy challenges (learning from
text, synthesizing information from multiple sources, analyzing text to infer
the writer’s point of view, critiquing claims and arguments in text). In recent
years, critics of this approach have argued that the emphasis on that goal in
instructional and assessment practices risks diverting attention from the robust
developments in reading demands that emerge after 3rd grade, which require
instructional attention across the age span and across all subject domains. These
demands have now been widely recognized within the reading research com-
munity (see Goldman and Snow, 2015).

Even the most conservative of foundational literacy researchers now incor-
porate a range of extra-textual skills into their notions of literacy. Foundational
literacy is commonly extended to include processing words and language in
oral contexts, using academic vocabulary and language structures, and having
the knowledge base required for comprehension of nontechnical texts about
such topics as politics, popular culture, history, art, music, and science. In addi-
tion, research on foundational literacy, based as it is in the field of education,
has traditionally operated in parallel with research on foundational numeracy,
rather than emphasizing the connections between literacy and numeracy. How-
ever, this committee asserts that numeracy, defined as the ability to understand
probabilistic and mathematical concepts (Peters, 2012), is indeed foundational
to other domains of literacy, especially science literacy. Because mathematics
represents ideas and concepts in ways that language alone cannot, the com-
mittee includes numeracy as part of foundational literacy for the purposes of
this report.

All other domains of literacy thus depend on foundational literacy. For
science literacy, the production or consumption of science knowledge depends
on the ability to access text, construct meaning, and evaluate newly encountered
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information in the specific domain of science. But the application of the term
“literacy” to a specific domain does more than just signify that foundational
literacy skills are necessary to understanding the domain itself: it also signifies
something like “knowledge, skills, and fluency” within that particular domain.
New forms of domain literacy emerge when an individual or group attempts to
identify some particular knowledge or competencies as socially important. In
other words, framing a domain as an important “literacy” (i.e., media literacy,
technology literacy, financial literacy)’® has become a way of arguing for the
importance of ensuring that individuals can access and use the ideas in that
particular domain. Not all domain literacies have been the subject of concerted
scholarly attention, though, and it is here that science literacy and health literacy
stand out: science literacy and health literacy have both emerged as important
research arenas, with consequences for policy in a number of contexts.

Finally, the committee notes an important point about the relationship
between science literacy and many other domain literacies (in this case, health
literacy): health literacy is closely related and somewhat overlapping with sci-
ence literacy. Science content areas, such as biology or chemistry, are necessary
for understanding basic health concepts, and as a result, some science literacy
is essential for the knowledge, skills, and fluency necessary to be health literate.
As noted above, however, there is relatively little empirical work explaining
these relationships, thus limiting the committee’s ability to deal in detail with
this issue.

EQUITY AND SCIENCE LITERACY

As noted above, the value of science literacy and health literacy—their
usefulness and importance to people, communities, and society—is an explicit
focus of this report. In order to undergird the committee’s arguments about
how science literacy and health literacy operate differently in different contexts,
it is necessary to raise, at the outset, a critical point about the role of science
literacy and health literacy in society: they reflect deep structural inequities in
the United States.

Individuals with fewer economic resources and less access to high-quality
education have fewer opportunities to develop science literacy and health lit-
eracy. This lack of access disproportionately affects some demographic groups:
second-language speakers of English, Latinos, black Americans, and children
growing up in low-income families or attending under-resourced schools may
have fewer opportunities to acquire science literacy (see Chapter 3). Moreover,
this inequitable distribution is of particular concern with regard to health

>See, for example, http://www.medialit.org/reading-room/aspen-institute-report-national-
leadership-conference-media-literacy and http://www.mymoney.gov/researcher/Pages/for-
researchers.aspx [July 2016].
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(Institute of Medicine, 2004). There is strong evidence that health literacy is
associated with access to health resources, so those with less opportunity to
develop health literacy may as a consequence also experience poorer health
care and poorer health outcomes than people with more opportunity to develop
health literacy.

At the same time, research from the field of health literacy shows that it
would be entirely too simplistic to ascribe poor health outcomes among certain
groups exclusively to limitations of an individual’s health literacy (Institute of
Medicine, 2012). For example, living in a food desert impairs the ability of an
individual to gain access to healthy food, regardless of how much they know
about the importance of vegetables. Individuals with diabetes may fully under-
stand the mechanisms underlying the disease, but if they are unable to afford
regular monitoring of their condition, they are more likely to become sick. In
these cases and others, these “undesirable” outcomes cannot be attributed to
an individual’s deficit of health literacy. Social factors may explain much more
of the variability in outcomes than individual levels of health literacy or science
literacy. As a result, the committee chooses to emphasize how social factors
constrain (or promote) how health literacy and science literacy are expressed
at each level of society.

STUDY METHODS

The committee held four in-person meetings and one telephone meeting
over the course of the study. The first two were largely information-gathering
meetings at which we heard from a variety of stakeholders, including Carrie
Wolinetz from NIH’s Office of Science Policy, as well as several professional
academics with relevant expertise. Jon Miller from the University of Michigan,
Dan Kahan from Yale Law School, and Philip Kitcher from Columbia Univer-
sity addressed the committee at its first open session, each speaking to differ-
ent facets of research on science literacy. At the second open session, Dietram
Scheufele from the University of Wisconsin-Madison fielded questions on sci-
ence communication. Ellen Peters from Ohio State University discussed numer-
acy. John Durant from the MIT museum, and Larry Bell from the Museum of
Science-Boston formed a panel on the role of informal learning institutions in
addressing issues around science literacy.

Following those information-gathering meetings, the committee conducted
its work in closed session to analyze evidence and formulate conclusions and
recommendations. The committee reviewed multiple sources of information in
order to consider how science literacy and health literacy may be defined and
measured, as well as the relationship between science literacy and the outcomes
articulated in the charge.

Multiple fields of research informed the committee’s work. Notably, lit-
eratures from science communication and science education were considered,
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as these fields have both proceeded, often in parallel, in attempting to codify
what is considered science literacy. Literature from the sociology of science
also supported this work. In order to address the health-related components
of the charge, the committee reviewed research from the field of health literacy.
Literature from psychometrics was considered in order to best synthesize the
role of attitude measurement in assessing the potential effects of enhancing
science literacy.

The committee also commissioned four supplementary papers intended to
support the writing of this report.* Lauren McCormack, director for the Center
of Communication Science at RTT International, provided a paper on the ways
in which health literacy is assessed and measured. Michael Cacciatore, assistant
professor of public relations at the University of Georgia, reviewed literature
on the role of science literacy in public support for and attitudes toward sci-
ence and science research. Jon Miller, who spoke to the committee at its first
open session, provided a paper on traditional measures of science literacy.
Arthur Lupia, professor of political science at the University of Michigan,
wrote a paper on science literacy and civic engagement. These papers helped
supplement the committee’s expertise in order to effectively address the study’s
statement of task.

The committee expects that this report will be important to a number of
groups beyond the study’s sponsor. We anticipate that the primary audience for
this report will be the science literacy research community, along with science
communication practitioners. Science educators (both formal and informal)
may be particularly concerned with the committee’s discussions about how
social structures both constrain and enable the development of science literacy,
while policy makers interested in public support for science are likely to find
the discussion of the relationship between science knowledge and attitudes
toward science informative.

ORGANIZATION OF THE REPORT

The report is organized into six chapters, with two appendices. Follow-
ing this introduction, Chapter 2 details the history of how science literacy and
health literacy have been defined and measured, taking care to note the differ-
ences in how the fields of science literacy and health literacy have developed.

Chapter 3 considers science literacy at the society level by summarizing the
claims that have been made about how increased science literacy affects societ-
ies, considering the role of social structures in science literacy. It also examines
how issues at the societal level may constrain science literacy at the community

#All commissioned papers may be viewed upon request via the National Academies of Sciences,
Engineering, and Medicine’s public access file. Jon Miller’s paper is also available at this report’s
National Academies Press website.
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and individual levels, and it addresses international comparisons on measures
of science literacy.

Chapter 4 examines how communities develop and use health literacy and
science literacy and how enhanced literacy in communities may be mobilized
to achieve local goals.

Chapter 5 looks at science literacy and health literacy at the individual
level, considering how enhanced science and health literacy might affect people:
Does it make people more supportive of science? Does it make them better able
to use scientific information?

The final chapter offers the committee’s recommendations for the field
and identifies areas in which new measures and new research inquiries might
improve what is known about science literacy and its relationship to support
for and use of science and research.

Appendix A presents a table of key definitions and statements about liter-
acy, numeracy, science literacy, health literacy, and health numeracy. Appendix B
contains biographical sketches of committee members and staff.
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Science Literacy and Health Literacy:
Rationales, Definitions, and Measurement

he body of research and writing on science literacy is immense and

scattered across several scholarly fields. It has also been the subject of

several comprehensive reviews (e.g., Miller, 1983, 2004; DeBoer, 2000;
Laugksch, 2000; Roberts, 2007; Pardo and Calvo, 2004). In this chapter, we
explore the many definitions of both science literacy' and health literacy, as well
as how the concepts have been measured. In order to put definitions of science
literacy in context, we begin by examining some of the common justifications
for promoting science literacy because definitions of the term are informed
by ideas and assumptions about its value. We then describe how definitions
of science literacy have changed over time. Building on this foundation, we
then identify a set of aspects that appear to be common across many different
definitions in order to provide some clarity about how the term may be both
used and understood. We conclude by describing the history of the measure-
ment of science literacy—an enterprise that has remained fairly removed from
the conceptual evolution of the term—explaining how the pervasive reliance
on narrow measurements of science knowledge constrains understanding of
science literacy.

We also discuss the definitions of health literacy, as well as how the concept
has been measured. Because science literacy is the primary focus of the com-
mittee’s charge, we devote most of our attention to this topic, addressing health
literacy in separate sections intended to show how the two ideas are—and are

!Tn one effort, Layton, Jenkins, and Donnelly (1994) found 270 meanings and rationales for sci-
ence and technological literacy.
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not—connected. Overall, in this chapter we seek to provide the historical and
conceptual context necessary to understand the key arguments in the field and
put the following chapters in context.

RATIONALES FOR THE IMPORTANCE OF SCIENCE LITERACY

Four broad rationales have been proposed as to why science literacy is
important and necessary: the economic rationale, the personal rationale, the
democratic rationale, and the cultural rationale. In this section, we examine
each of these rationales in order to provide a context for how the desired
outcomes of science literacy inform understanding of the term itself. In addi-
tion, we consider the need for science literacy in new media environments (see
Box 2-1).

BOX 2-1
Science Literacy in New Media Environments

Though the role of science literacy in relationship to developing technologies
and expanding access to information in society is not a separate rationale for
science literacy per se, it is indeed an additional, critical concern for why science
literacy is both important and necessary in the context of each of the four rationales
highlighted above.

Miller (2010) describes an important shift in science learning. While science
learners were once expected to “warehouse” science information, increased ac-
cess to information has changed the predominant model of science learning to
the more recent “just-in-time” model. Although media have traditionally been the
main source of science information for lay audiences (Nisbet et al., 2002; Dudo et
al., 2010), science related questions can now be answered immediately through
online searches (Brossard and Scheufele, 2013), signifying less of a need to store
content information over time in one’s mind (Miller, 2010, p. 192). With increased
public access to new science and health information in new media environments,
there are opportunities for public access to peer-reviewed studies and other trust-
worthy science information, but also to information about scientists disagreeing
with one another, making mistakes, engaging in fraud, and presuming expertise
outside their areas of competence. Before the advent of the Internet, science jour-
nalists and mainstream press acted as a kind of natural curb on the dissemination
of questionable scientific ideas. In their role as knowledge intermediaries between
science and its publics, they acted as gatekeepers and made judgments about the
expertise of scientists (Hargreaves and Ferguson, 2000).

Potential access to misinformation has increased as traditional media has de-
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The Economic Rationale

The economic rationale for science literacy is closely related to the impetus
for educating the general population in science. For instance, a committee set
up in the United Kingdom after the World War I to investigate the state of
science education argued: “A nation thoroughly trained in scientific method
and stirred with enthusiasm for penetrating and understanding the secrets of
nature, would no doubt reap a rich material harvest of comfort and prosperity”
(Committee to Enquire into the Position of Natural Science in the Educational
System of Great Britain, 1918, p. 7). In one form or another, this argument has
been a feature of the discussion about the role of science education in society
for the past 100 years (see, e.g., Dainton, 1968; European Commission, 2004;
Lord Sainsbury of Turville, 2007; National Academy of Sciences, National

clined as the sole source of scientific information. Websites and videos produced
by nonscientists and nonscience journalists abound. Though some of these new
media productions are reputable sources of science information (Brossard, 2013),
others make use of selective evidence to support scientifically questionable views.
Some narratives that rival the scientific consensus, such as anti-vaccination argu-
ments, have had tremendous social consequences for public health and individual
decision making (Kata, 2010; Poland et al., 2001). Others, such as anti-GMO
perspectives, continue to be intensely debated in public dialogue. In short, lay audi-
ences can now make substantial contributions in online environments—accurate
or inaccurate—to the body of available information about science.

Moreover, the sharing of personal anecdotes and news stories on social me-
dia, as well as the opportunity to “like” stories on Facebook, comments on blogs,
and other related features of the current Web 2.0 environment, can also exert a
particularly powerful influence on people’s attitudes and understanding of science
(Brossard, 2013; Goldacre, 2008). Politicians, celebrities, and others who are
nonexperts in science, and laypeople with a personal interest in science or health
issues, often use social media platforms (such as Facebook or Twitter) for general
discussion, sharing information and seeking support from others (Sugawara et
al., 2012).

With such a flood of information, science literacy requires the ability to integrate
and interpret information, as well as the time and ability for reflection and evalu-
ation (Crowell and Schunn, 2015; Kitcher, 2010; Ryder, 2001). We continue to
discuss these needs in relationship to how individuals, communities, and society
develop and apply science literacy throughout the rest of this report.
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Academy of Engineering, and Institute of Medicine, 2007, 2010; Rutherford
and Ahlgren, 1989; The Royal Society, 2014). One of the most recent articula-
tions is offered by Hanushek and Woessman, two prominent economists of
education who draw from their extensive analysis of nations’ gross domestic
product and performance on international tests to argue that the knowledge
capital of nations is “powerfully related to long-run growth rates” (Hanushek
and Woessman, 2016, p.64).

The essential premise of this utilitarian argument is that advanced econo-
mies require a scientifically and technologically skilled population, both in
order to fill jobs in science or technology-related professions, such as computer
science and engineering, and for the many jobs that require some knowledge
of science in today’s society, such as nursing, physiotherapy, and construction.
Although many authors treat professional training and science literacy as sepa-
rate goals (e.g., Osborne and Dillon, 2008) proponents of the economic ratio-
nale argue that science literacy contributes to professional and economic suc-
cess across a very wide range of contexts. Science literacy, from this perspective,
is a valued outcome because it strengthens economies and economic competi-
tiveness, leading to less unemployment and a high standard of living. Specific to
employment claims, however, the mechanisms through which science education
contributes to economic growth are contested. For example, countering wide-
spread arguments about the need for more science, technology, engineering,
and mathematics (STEM) professionals, data suggest that most STEM fields
experience no shortage at all when compared with other professions—com-
puter science and engineering being notable exceptions (Lowell and Salzman,
2007; Salzman, 2013; Weissman, 2013; Xie and Killewald, 2012).

The Personal Rationale

The personal rationale is that science literacy helps people respond to
issues and challenges that emerge in their personal and community contexts.
According to this rationale, people are confronted with a range of decisions,
such as those about health, their consumption of materials and energy, and their
lifestyle, in which an understanding of science (or an ability to interact with sci-
ence) might help them to take informed actions and lead richer, healthier lives
(OECD, 2012a). For instance, many conversations with health professionals
require some understanding of the body, the structure and function of its many
organs and systems, and even the nature of risk. Similarly, decisions and choices
about energy may be informed by some understanding of the concept and the
consequences of one choice in comparison with another.
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The Democratic Rationale

The democratic rationale rests on the claim that a democracy only func-
tions, or at least functions better, when its citizens are informed participants in
civic decision making. Proponents of this rationale argue that many of the major
problems facing humanity—such as the prevention of disease, the production
of “clean” energy, the supply of potable water, and climate change—should be
understood and addressed at least in part through scientific and technological
advances. Only science literate citizens, proponents of this argument claim,
are adequately prepared to participate in civic decision making around these
challenges. According to a prominent report on education from the European
Commission (1995, p. 28):

Democracy functions by majority decision on major issues which, because of
their complexity, require an increasing amount of background knowledge. For
example, environmental and ethical issues cannot be the subject of informed
debate unless young people possess certain scientific awareness. At the mo-
ment, decisions in this area are all too often based on subjective and emotional
criteria, the majority lacking the general knowledge to make an informed
choice. Clearly this does not mean turning everyone into a scientific expert,
but enabling them to fulfill an enlightened role in making choices which affect
their environment and to understand in broad terms the social implications of
debates between experts.

The democratic rationale revolves around what political and economic
theorists call “the commons”: goods and resources that are not privately owned.
Such goods and resources include the air, oceans, national parks, sanitation,
water, public libraries, health infrastructure, and even accumulated scien-
tific knowledge. In a democracy, managing public goods requires active civic
engagement to sustain these resources and ensure their equitable distribution
and public access. By engaging in such acts as deliberation, persuasion, and
the donation of time and money, members of the public participate both in
decisions about the use of scientific knowledge (e.g., ways of minimizing air
pollution) and decisions about the allocation of resources to the production
of scientific knowledge (e.g., supporting funding of stem cell research) (see
Rudolph and Horibe, 2015).

The Cultural Rationale

The cultural rationale for science literacy is the idea that the sciences offer
some of the “best that is worth knowing” (Spencer, 1884). In the words of
Cossons (1993, p. 339):

The distinguishing feature of modern Western societies is science and tech-
nology. Science and technology are the most significant determinants in our
culture. In order to decode our culture and enrich our participation—this
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includes protest and rejection—an appreciation/understanding of science is
desirable.

This rationale is different from those above in that it invokes no extrinsic
or utilitarian justification. From this perspective, the sciences are important
cultural activities that offer a powerful way of understanding the world and
should therefore be part of what it means to be liberally educated (Bereiter,
2002; Committee on the Objectives of a General Education in a Free Society,
1945; Hirsch, 1987; Hirst, 1965; Hirst and Peters, 1970).

Proponents of the cultural rationale point out that science and technol-
ogy have transformed people’s view of the world from one that is flat to one
in which it is spherical, where day and night is caused by a spinning Earth
instead of a rotating sun, where people look like their parents because every cell
carries a chemically coded message about how to reproduce itself, and so on.
Although this argument is deeply felt by many scientists and science educators,
it is perhaps the least common of the four rationales, and is often obscured by
more utilitarian arguments.

TOWARD A DEFINITION

The rationales described above provide context for how the term science
literacy is defined. As Norris and colleagues (2014) note, definitions of both sci-
ence literacy and health literacy invoke a valued direction or desired goal. For
instance, the OECD’s Programme for International Student Assessment (PISA)
report defines science literacy (OECD, 2012a) as the “ability to engage with
science-related issues” and undertake “reasoned discourse about science and
technology.” Such outcomes are not simply an issue of knowing more—rather
the outcome is defined by what an individual #zight be able to do. Likewise,
Shen’s definition of science literacy (which, as we will discuss in following sec-
tions, is the rhetorical basis of much of the measurement of science literacy) is
not simply knowledge, but rather “the kind of knowledge which can be used
to solve practical problems . . . such as health and survival” and a facility that
“would bring common sense to bear upon such issues and thus participate more
fully in the democratic process of an increasingly technological society” (Shen,
1975b, p. 48). Shen is emphasizing both the personal and democratic rationales
for science literacy here, defining the term in the context of how this knowledge
will be of benefit. In this section, we explore how shifting ideas about the value
of science literacy have informed how the term has been defined.

Definitions of Science Literacy

The term “science literacy” has pervaded much of the public discourse
about science education and public understanding since 1958 when it appears
to have been coined twice, independently, by Hurd (1958) and McCurdy
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(1958), as noted by Laugksh (2000). The phrase was coined as a means of
expressing the disposition and knowledge needed to engage with science—
both in an individual’s personal life and in the context of civic issues raised
by both the use of science and technology and the production of more knowl-
edge. Then, as now, there was mounting concern about the growth of science
knowledge? and the need for the public to engage with the political and moral
dilemmas posed by scientific and technological advances. McCurdy (the then
president of the Shell Oil Corporation) argued that someone who was science
literate would be able to “participate in human and civic affairs.” In practice,
the term science literacy was used to make an educational case for teaching sci-
ence to the “90% of all working people” who were not “potential scientists,”
and who, it was argued, should experience a different kind of science education
to enable them to achieve such a goal (Klopfer, 1969, p. 87).

Only 8 years later, the term had become so pervasive that Pella and col-
leagues (1966) in the Scientific Literacy Center at the University of Wisconsin—
Madison identified six distinct types of understanding that were said to be
essential to science literacy: the basic concepts in science; the nature of science;
the ethics that control scientists in their work; the interrelationships of science
and society; the interrelationships of science and the humanities; and the dif-
ferences between science and technology. Definitions continued to proliferate
and become more elaborate over time: 10 years after Pella and colleagues
described their six types of understanding, Gabel (1976) constructed a matrix
using Pella’s categories (now expanded to 8) on one dimension with 9 cognitive
and affective objectives on another dimension for a total of 72 separate goals.
As Roberts (2007, p. 737) points out: “Thus did scientific literacy become an
umbrella concept with a sufficiently broad, composite meaning that it meant
both everything, and nothing specific, about science education and the compe-
tency it sought to describe.”

One of the early definitions that has become influential, at least within
the field of measurement of science literacy, is the definition offered by Shen
(1975b, p. 46-47), who differentiated three types of science literacy:

® Practical: “the kind of knowledge which can be used to solve practical
problems . . . such as health and survival.”

e Crvic: “to enable the citizen to become more aware of science and
science related issues so that he and his [sic] representatives would bring
common sense to bear upon such issues and thus participate more fully
in the democratic process of an increasingly technological society.”

® Cultural: A motivation or “desire to know something about science as a
major human achievement.”

2Rudolph (2002) chronicles the relationship between the launch of Sputnik in 1957 and concern
over the state of science education in the United States.
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Despite the widespread enthusiasm for science literacy, writ large, and the
prominence of a few widely cited definitions, none of the fields concerned with
science literacy have managed to coalesce around a common conception of
what is meant by the term. Examining the concept 40 years after its inception,
DeBoer (2000) identified no fewer than nine overlapping but distinct uses of
the term (see Appendix A for more details), and ultimately argued that there
was a lack of any universally shared understanding of science literacy other
than as “a broad and functional understanding of science for general educa-
tion purposes and not a preparation for specific or technical careers” (DeBoer,
2000, p. 594).

In the field of education, at least, the lack of consensus surrounding sci-
ence literacy has not stopped it from occupying a prominent place in policy
discourse. From the 1980s onward, science literacy was increasingly presented
as a central goal of primary and secondary science education. For example,
Science for All Americans, a prominent reform document published by the
American Association for the Advancement of Science (1989, p. xvii) argued:

The science-literate person is one who is aware that science, mathematics and
technology are interdependent human enterprises with strengths and limita-
tions; understands key concepts and principles of science; is familiar with the
natural world and recognizes both its diversity and unity; and uses scientific
knowledge and scientific ways of thinking for individual and social purposes.

Ten years later, the UK policy report Beyond 2000: Science Education for the
Future argued that “the primary and explicit aim of the 5-16 science curriculum
should be to provide a course which can enhance ‘scientific literacy’ ” enabling
students to, among other things, “express an opinion on important social and
ethical issues with which they will increasingly be confronted” (Millar and
Osborne, 1998, p. 2009). And although the recently published A Framework
for K-12 Science Education: Practices, Crosscutting Concepts, and Core ldeas
(National Research Council, 2012) avoids the term science literacy, it neverthe-
less suggests that by grade 12 students should be able to undertake a very simi-
lar set of aims—the difference being that these are more specifically defined.
Thus, for instance, while students should be able to “read media reports of
science or technology in a critical manner so as to identify their strengths and
weaknesses” they should also be able to “explain how claims to knowledge
are judged by the scientific community today and articulate the merits and
limitations of peer review and the need for independent replication of critical
investigations” (National Research Council, 2012, p. 73).2

Many of these outcomes overlap with the definition offered by PISA, which
treats science literacy as a competency—that is, “the ability to engage with

3See Appendix A for a complete list of the outcomes defined in A Framework for K-12
Science Education.
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science-related issues, and with the ideas of science, as a reflective citizen”—in
that sense, a concept defined very much by the outcomes of being scientifically
literate (Koeppen et al., 2008). According to the OECD (2013, p. 7), a scientifi-
cally literate person “is willing to engage in reasoned discourse about science
and technology which requires the competencies to:

1. Explain phenomena scientifically: Recognise, offer, and evaluate
explanations for a range of natural and technological phenomena.

2. Evaluate and design scientific enquiry: Describe and appraise scientific
investigations and propose ways of addressing questions scientifically.

3. Interpret data and evidence scientifically: Analyse and evaluate
data, claims, and arguments in a variety of representations and draw
appropriate scientific conclusions.

Interestingly, this definition, unlike many others, specifies that the knowl-
edge required to undertake these acts includes not only content knowledge
from the various sciences, but also knowledge about how scientists do their
work and knowledge about how to make sense of science. While earlier defi-
nitions of science literacy sometimes focused on a simplified vision of sci-
entific epistemology referred to as “the scientific method” (Rudolph, 2005;
Windschitl, Thompson, and Braaten, 2008), these more recent documents
evoke the iterative and social nature of scientific work, emphasizing practices
like argumentation and model building in addition to the formulation and
testing of hypotheses. After conducting a systematic search of the literature on
science literacy, Norris et al. (2014) identified 74 articles containing a distinct
definition of science literacy that they then sorted into three categories based
on the goals and values inherent in them:

1. States of knowing to be obtained—the nature and form of knowledge
required.

2. Capacities to be developed—the form of actions and competencies a
scientifically literate individual should be capable of undertaking.

3. Personal #raits to be acquired, such as a positive attitude toward science
and technology.

The definitions varied in the degree to which they emphasized each of these
three goals, and, overall, there is no common agreement about the nature and
definition of science literacy.

For some scholars, the key elements of science literacy have been neither
knowledge nor capacities but, rather, a particular set of dispositions and habits
of mind. This category is broad, including such sweeping ideals as open-mind-
edness, as well as more specific inclinations, such as a commitment to evidence
(Norris et al., 2014; Siegel, 1988). For example, the OECD PISA definition of
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science literacy includes an interest in science and technology, environmental
awareness, and valuing scientific approaches to inquiry. The third part of the
definition was seen as important because “scientific approaches to enquiry
have been highly successful at generating new knowledge” (OECD, 2013,
p. 37). Some researchers, such as Shamos (1995), have argued that is far more
reasonable to expect people to develop an appreciation for scientific inquiry,
along with a sense of how and when scientific ways of gathering and analyzing
evidence have proved particularly successful, than it is to expect them to master
a wide range of scientific facts and principles. According to Shamos, science
literacy schemes such as the Benzchmarks for Science Literacy (American Associa-
tion for the Advancement of Science, 1993, p. 151) are “doomed to fail, for at
no time in the entire history of U.S. public school education has even this much
knowledge of science been expected, or realised, of high school graduates.”

Valuing scientific approaches to inquiry, however, does not mean that an
individual has to be positively disposed toward all aspects of science or even
use such methods themselves. As Rogers warned, as early as 1948, one should
not assume that mere contact with science will make people think critically. The
critical disposition that is the hallmark of most scientists when approaching
their science—and is something that is acquired through long years of practice
and is a feature which, with one or two notable exceptions (Goldacre, 2006;
Lehrer, 2010) is too often absent from the communication of science and school
science education (Henderson et al., 2015). As a society, while people are good
at communicating what they know, they may be less good at communicating
how they know—in particular, the central role of critique in establishing claims
to know (Popper, 1963; National Research Council, 2012).

The methodological challenge to including dispositions within science
literacy is that previous research has often examined whether science literacy
predicts certain attitudes or dispositions. From this perspective, including dis-
positions in a definition of science literacy borders on tautological, as something
cannot be both a necessary element of science literacy a7d a possible outcome
of having or using science literacy. Despite this conundrum, the committee
elects to include dispositions as a possible aspect of science literacy because it
arises so frequently in the research literature. We summarize the various aspects
of definitions of science literacy in Box 2-2.

Reading across the most prominent and influential definitions of science
literacy, the committee identified elements that are common to many, if not all,
definitions. The most basic of these ideas is that science literacy has value to the
people who possess it, whether it solves civic and personal problems or makes
the world a richer and more fascinating place and that it should be understood
in light of that value (Norris et al., 2014). Beyond this generally shared value,
we identified a set of seven commonly proposed aspects of individual science
literacy (summarized in Box 2-2). Some scholars would exclude one or more
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of these aspects from their own definitions, and almost all people who study
science literacy emphasize some of these aspects more than others.

Fourez (1997) argues for a somewhat different definition of science literacy.
First, he introduces a technological component, arguing that science literacy is
inextricable from technology (or technological) literacy. Second, he frames the
goals of science literacy differently than is done in most other definitions, argu-
ing that it comprises three central aims: individual autonomy, communication
with others, and managing and resolving issues and challenges posed by science
and technology. Fourez agrees that a basic knowledge of science and technology
provides a certain degree of autonomy, but he points out that the question of
what knowledge might be needed is key and must be conceptualized in light
of the lives and needs of nonscientists. The knowledge that people need, he
argued, is that which empowers them to communicate with others about their
life situations, increasing their potential to act (Fourez, 1997, p. 906):

... their knowledge gives them a certain autonomy* (the possibility of ne-
gotiating decisions without undue dependency with respect to others, while
confronted with natural or social pressures; a certain capacity to communicate
(finding ways of getting one’s message across); and some practical ways of cop-
ing with specific situations and negotiating over outcomes).

Fourez’s argument about the inextricability of science and technology
literacy is an important one that deserves discussion. As various scholars have
observed, the social problems and challenges that are associated with science
in the public mind are often tied to particular technologies that science has
made possible (Kleinman et al., 2005). Technological issues are likely to raise
social, economic, ethical, and cultural challenges. Understanding and respond-
ing to these challenges requires knowledge of both science and technology. For
instance, the possibility that Apple and other phone manufacturers may decide
to implement a form of encryption on phones requires some basic knowledge
of what is meant by encryption but it also raises a number of social and ethical
issues about whether and when it is legitimate for any one manufacturer to do
$0.

A more complex example is provided by new bioengineering technologies,
such as the very recently developed gene-editing technology CRISPR/Cas9,
which has already raised ethical and regulatory concerns: see, for example, the
statement about this technology from the National Institutes of Health (NIH).?
Clearly, there is some face validity to the claim that science literacy must also
include technology literacy. Yet the distinction between science literacy and
technology literacy is not well defined and “science literacy” is often used as an

#Norris (1997) also explored an idea of science literacy rooted in autonomy—what he called
“intellectual independence.”

°See  https://www.nih.gov/about-nih/who-we-are/nih-director/statements/statement-nih-
funding-research-using-gene-editing-technologies-human-embryos [July 2016].
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BOX 2-2
Commonly Proposed Aspects of Individual Science Literacy

Scholars have defined science literacy in various ways, but seven aspects
emerge in many of these definitions. (See Appendix A for a description of key
literacy definitions by author.) Notably, these aspects are not included because of
evidence of their practical value to individuals (or to communities and societies),
but because they represent a sort of theoretical common ground. They are, in
short, what many scholars expect would be useful or valuable. This list includes:
foundational literacies, content knowledge, understanding of scientific practices,
epistemic knowledge, identifying and judging scientific expertise, cultural under-
standing of science, and dispositions and habits of mind.

Foundational Literacies

Science literacy depends on the concepts, skills, understandings, and val-
ues generalizable to interpreting texts. These “foundational literacies” include nu-
meracy, textual literacy, visual literacy, and understanding of graphs and charts
among others (see e.g., Norris and Phillips, 2003). It should be distinguished from
“disciplinary literacy,” which is the knowledge and skill required to understand the
specific forms of specialized texts commonly used in a discipline to communicate
to others within that discipline. (See Chapter 1 for a more detailed discussion of
foundational literacy.)

Content Knowledge

Science literacy also depends on scientific content knowledge. Although there
is disagreement over the scope of knowledge required, and whether it is genuinely
important for people to possess a particular canonical set of knowledge (see, e.g.,
Feinstein, 2011), it is widely claimed that science literacy involves understanding
a set of scientific terms, concepts, and facts, which includes new and older sci-
entific developments, textbook principles covered in K-12 education, and topics
discussed in the news, among others (Pella et al., 1966; Frank, 1989; Bauer et al.,
1994; Ryder, 2001; Norris and Phillips, 2003; Funk and Rainie, 2015).

Understanding of Scientific Practices

Understanding of scientific practices—how scientists do science—is another
commonly mentioned aspect of science literacy. Such understanding, such as the
ability to design and evaluate scientific inquiry, is thought to be useful for non-
scientists in appraising scientific findings and understanding whether a question
has been approached scientifically. In considering the importance of understand-
ing scientific practices for science literacy, some scholars have emphasized the
knowledge and skills necessary to do science, such as collecting and analyzing
data (Pella et al., 1966; National Science Board, 2016), while others have argued
for a more general grasp of what scientists do and how to interpret scientific find-
ings (Ryder, 2001; OECD, 2013). Such an understanding includes knowledge of
the common procedures of science, such as peer review, double blind trials, the
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use of the control of variables strategy, ways of reducing error, and the role and
weight of scientific consensus.

Identifying and Judging Appropriate Scientific Expertise

According to many scholars, science literacy requires people to make judg-
ments about the expertise of scientists on the basis of their standing and prestige in
the scientific community; the role and weight of their publications and their success
in competition for research grants; and the appropriateness of their training and
credentials (Norris, 1995; Ryder, 2001; Feinstein et al., 2013; see also National
Research Council, 2012).

Epistemic Knowledge

Epistemic knowledge is an understanding of how the procedures of science
support the claims made by science. Although related to the above dimensions,
epistemic knowledge represents a broader picture of the assumptions and prin-
ciples that underlie scientific work. Such knowledge enables people to explain why
scientific results can be believed, why uncertainty is an inherent aspect of science,
how the evaluative process of peer review sustains objectivity, how to recognize
the boundaries of science and scientific knowledge, and the ways in which scien-
tific knowledge is constructed by a community over time (see, e.g., Ryder, 2001).
People who are science literate along this dimension are aware that science is
a human enterprise with strengths and limitations, and appreciate the ethics that
guide scientists in their work (Pella et al., 1966; Frank, 1989).

Cultural Understanding of Science

Although this dimension of science literacy is less widely discussed, scholars
have long argued that people who are science literate understand the tremen-
dous epistemic achievements of science, appreciate of the beauty and wonder
of science and the contributions of science to society—what Shen and others
have described as a cultural understanding of science. A cultural understanding
of science acknowledges the interrelationships of science and society and sci-
ence and the humanities and recognizes science as a major human achievement
(National Research Council, 2012; Pella et al., 1966; Shen, 1975b; Durant et al.,
1989; DeBoer, 2000).

Dispositions and Habits of Mind

Some scholars have argued for the centrality of particular dispositions and
habits of mind in science literacy on the grounds that these more general disposi-
tions and habits shape how people engage with science in a wide range of circum-
stances and may be necessary preconditions for the use of other sorts of skills and
knowledge. Dispositions that have been proposed include inquisitiveness, open-
mindedness, a valuing of the scientific approach to inquiry, and a commitment to
evidence (Shamos, 1995; Lehrer, 2010; Norris et al., 2014).
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umbrella term encapsulating both (see, e.g., National Research Council, 1996).
Given time constraints and lacking a mandate to explore the nature of technol-
ogy literacy, the committee chose to continue this common practice.

Defining Health Literacy

The focus of the majority of the definitions for health literacy has been on
the capabilities needed by individuals to access and understand health informa-
tion so that they can act on it. For example, in 1998, the World Health Organi-
zation defined health literacy as “the cognitive and social skills which determine
the motivation and ability of individuals to gain access to, understand, and use
information in ways which promote and maintain good health” (World Health
Organization, 1998, p. 10). Shortly thereafter, the American Medical Associa-
tion (1999, p. 553) stated: “Patients with adequate health literacy can read,
understand, and act on health care information.” Five years later, the Institute
of Medicine (2004) published a consensus study on health literacy and focused
on the capabilities needed for individuals to make appropriate health decisions.

Eight years later, Serensen and colleagues (2012) conducted a content
analysis of 17 health literacy definitions, observing that the components of the
definitions appear to cluster around six primary concepts: (1) competence,
skills, and abilities; (2) actions; (3) information and resources; (4) objective—
what health literacy should enable someone or something to do; (5) context—
the setting in which health literacy might be needed; and (6) time—the period
within which health literacy is needed or developed. Based on this analysis, the
authors propose the following “comprehensive” definition for health literacy
(Serensen et al., 2012, p. 3):

Health literacy is linked to literacy and entails people’s knowledge, motivation
and competences to access, understand, appraise, and apply health informa-
tion in order to make judgments and take decisions in everyday life concerning
healthcare, disease prevention and health promotion to maintain or improve
quality of life during the life course.

The authors expand on this definition to propose a conceptual model that
encompasses both the “antecedents” (e.g., age, education, socioeconomic sta-
tus, culture, societal systems) and “consequences” (e.g., risks to patient safety,
poorer health outcomes, health costs) of health literacy.

Recently, there has been increasing attention to the social and physical con-
text in which individuals engage in health activities. As Rudd et al. (2012, p. 26)
argue, a more comprehensive definition of health literacy must “include both
the abilities of individuals and the characteristics of professionals and institu-
tions that support or may inhibit individual or community action.” Unlike ear-
lier definitions that focus almost exclusively on personal decision making and
action, this definition also incorporates a capacity for individuals to engage in
health-related civic matters. Koh and Rudd (2015, p. 1226) note that the “arc
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of health literacy bends toward population health” and point to an approach
to the concept that includes consideration of social organizations and systems
as well as individual capacity.

A recent perspective written by members of the National Academy of
Medicine’s Roundtable on Health Literacy argues that the old consensus on
health literacy is being challenged in interesting and productive ways and that
the field “needs to come to a new consensus on the components of a defini-
tion of health literacy” (Pleasant et al., 2016, p. 1). They note that health lit-
eracy is multidimensional and that it operates in a wide variety of settings and
mediums. According to the authors of this report, components of a new more
comprehensive definition should include four elements: (1) system demands
and complexities as well as individual skills and abilities; (2) measurable com-
ponents, processes, and outcomes; (3) potential for an analysis of change; and
(4) a clearer and more empirically sound linkage between informed decisions
and action. In order to have a better understanding of how to improve health
status among populations, investigators must have available to them measure-
ment tools that are based on a sound multidimensional definition of health
literacy (Pleasant et al., 2016).

We note that the third element, “potential for an analysis of change,”
means that the definition itself must be open to the ways in which it will inevi-
tably evolve. Pleasant et al. (2016, p. 4) wrote:

[TThe field of health literacy has come to realize that health literacy is mal-
leable and can change for each person, health professional, or health system
for a wide variety of internal and external reasons. A definition of health
literacy must become open to that change. Doing so will support and allow
researchers to begin to explore how and why change in health literacy occurs.

Including this component in the definition compels the field to regularly con-
sider the ways in which health care needs change over time.

As we have noted in our discussion of the many rationales for science
literacy, definitions of science literacy invoke a desired goal and are therefore
framed by which rationale or rationales (i.e. economic, personal, democratic,
or cultural) the definer is prioritizing at the time (Norris et al., 2014). In the
case of health literacy, however, the desired goal implicit in the definitions for
health literacy cited here is the promotion and maintenance of good health—for
individuals, communities, and societies (World Health Organization, 1998).
Though the definitions for health literacy cited here have immediate implica-
tions for personal (and community and social) well-being, the promotion and
maintenance of good health is a necessary precursor to participation in eco-
nomic, democratic, and cultural systems.

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

36 SCIENCE LITERACY

Summary

A comparison of the research on science literacy and the research on health
literacy reveals some overlap. The capacity for civic engagement, which has
long been a concern for scholars of science literacy, is emerging as a potential
component of health literacy. In contrast, science literacy has only recently
started to focus in concrete ways on empirical links to decisions and action—a
characteristic emphasis of research and writing on health literacy. Both fields
are paying increasing attention to social systems and the way they constrain and
enable literate action. In summary, although the two constructs have evolved
separately, there is some evidence that the researchers and practitioners who
deal with science and health are struggling with many of the same challenges.

MEASURING SCIENCE LITERACY

In this section we consider the development of these measurements and
how the measurements have 7ot evolved at the same pace as the definitions. As
a result, the field faces a concept that cannot yet be fully assessed.

The dominant approach to conceptualizing and measuring science literacy
in population surveys has arisen out of work by Jon D. Miller and Kenneth
Prewitt in the United States (see Miller, 1983, 1998, 2004) alongside collabora-
tors in Great Britain (see Durant et al., 1989). Underlying these efforts appears
to have been widespread concern among policy makers and the scientific com-
munity that nonscientists were becoming skeptical about the benefits of sci-
ence and that such skepticism might result in cuts to science funding that
would harm the scientific progress that many argue underpins both American
and European economic development (Bauer et al., 2007). The results of the
U.S. portion of this work have formed the core of a chapter of a biennial
report called Science and Engineering Indicators (hereafter, Indicators) that
the National Science Board provides to Congress and the Executive Branch.
Scholars have also used the raw data collected for Indicators (which is made
publicly available) for peer-reviewed research (e.g., Gauchat, 2012; Losh, 2010),
and other countries have used many of the Indicators’ questions for their own
national surveys (e.g., Bauer et al., 2012a; National Science Board, 2016).

Miller (2004) has written that the current approach to assessing science
inquiry in surveys began when he and Kenneth Prewitt rewrote a question used
by the National Association of Science Writers in 1957 (Davis, 1958) for a 1980
report to the National Science Foundation (NSF) and analyses that appeared in
a later journal article (Miller, 1983).¢ This question, which continues to be used,
involves asking survey respondents to say whether they feel they have a clear

“For a more detailed review of this history, see Pardo and Calvo (2002).
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understanding of what it means to study something scientifically.” If the respon-
dent says “yes,” that respondent is then asked to describe this understanding in
his or her own words. These responses are coded using standard procedures.
Two additional questions were also added in later years to further assess an
understanding of what has been called the “scientific approach” (Miller, 1983)
and, later, the “nature of scientific inquiry” (Miller, 1998). The first was added
in the 1988 Indicators survey and seeks to assess a basic understanding of prob-
ability using a multiple-choice question (National Science Board, 1989).

The 1995 survey for Indicators then added a two-part question aimed at
assessing knowledge of science inquiry that had been piloted in a 1992 study for
NIH (National Science Board, 1996). This new question first asked respondents
a close-ended question about the best way to test a drug and followed it with an
open-ended question about why they thought their method was best.?

In addition to knowledge of scientific inquiry, the NSF with Miller also
added a battery of true/false and multiple-choice questions aimed at assessing
knowledge of basic science concepts to the Indicators survey in 1988 (National
Science Board, 1989). These “Oxford Scale” science knowledge questions were
developed in collaboration with researchers in the United Kingdom (see Durant
et al., 1989; Evans and Durant, 1995). In another project, the questions were
used as part of a multicountry European survey (Bauer et al., 1994). The science
concept questions focused on stable, established areas of knowledge that the
survey developers believed would continue to be relevant over time; 11 of the
original questions continue to be used (National Science Board, 2016). Other
countries have also adopted many of these items in various venues (see National
Science Board, 2016, Table 7-3), including multiple European surveys between
1989 and 2005 (Bauer et al., 2012a). Box 2-3 lists the process knowledge ques-
tions and Box 2-4 lists the factual questions currently in use by Indicators.

Conceptually, Miller (2004, p. 273) has generally argued that a scientifically
literate citizen is someone who has both a “(1) a basic vocabulary of scientific
terms and constructs; and (2) a general understanding of the nature of scien-
tific inquiry.” He writes that the focus on scientific constructs emerged out of
a focus in standardized testing in the late 1960s and 1970s, while the focus on
the nature of inquiry emerged from efforts around the same time to operation-
alize the idea of a scientific attitude as described early in the 20th century by
John Dewey (1934) and in research related to high school in Wisconsin (Davis,
1935; Miller, 1983). In his early work Miller (1983) argued that someone who

"Recent research has highlighted that such self-reported knowledge levels have different relation-
ships with attitudes than measures of knowledge gained from quiz-like questions (Ladwig et al.,
2012).

8Prior to 1988, construct knowledge had sometimes been measured for Indicators using self-
reports in which respondents were asked to indicate their level of understanding about such issues
as radiation or by asking respondents to list benefits and risks associated with specific technologies
(Miller, 1983).
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BOX 2-3
Process Knowledge Questions Included in
Science and Engineering Indicators

Understanding of Scientific Study (open-ended)

+ When you read news stories, you see certain sets of words and terms. We
are interested in how many people recognize certain kinds of terms. First,
some articles refer to the results of a scientific study. When you read or
hear the term scientific study, do you have a clear understanding of what it
means, a general sense of what it means, or little understanding of what it
means?

o [If respondent indicates a “clear understanding” or “general sense” re-
sponse] In your own words, could you tell me what it means to study
something scientifically? (Formulation of theories/test hypothesis, ex-
periments/control group, or rigorous/systematic comparison.)

Understanding of Probability (multiple choice, yes/no)

» A doctor tells a couple that their genetic makeup means that they’'ve got
one in four chances of having a child with an inherited illness.
o (1) Does this mean that if their first child has the illness, the next three
will not have the illness? (No)
0 (2) Does this mean that each of the couple’s children will have the same
risk of suffering from the illness? (Yes)

Understanding of Experiment (open-ended)

« Two scientists want to know if a certain drug is effective against high blood
pressure. The first scientist wants to give the drug to 1,000 people with
high blood pressure and see how many of them experience lower blood
pressure levels. The second scientist wants to give the drug to 500 people
with high blood pressure and not give the drug to another 500 people with
high blood pressure, and see how many in both groups experience lower
blood pressure levels. Which is the better way to test this drug?

o Why is it better to test the drug this way? (The second way because a
control group is used for comparison.)

Understanding of Scientific Inquiry (composite of above)

» Correctly answer the two probability questions stated above.

» Provide a theory-testing response to the open-ended question about what it
means to scientifically study something or a correct response to the open-
ended question about experiments (i.e., explain why it is better to test a
drug using a control group) stated above.

SOURCE: Data from National Science Board (2016).
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BOX 2-4
Factual Knowledge Questions Included in
Science and Engineering Indicators

Factual Knowledge: Questions Used for “Trend” Scale

» The center of the Earth is very hot. (True)

» The continents on which we live have been moving their locations for mil-
lions of years and will continue to move in the future. (True)

» Does the Earth go around the Sun, or does the Sun go around the Earth?
(Earth around Sun)
o (Part B) How long does it take for the Earth to go around the Sun? (One

year) (only asked if Part A correct)

» All radioactivity is man-made. (False)

» ltis the father’s gene that decides whether the baby is a boy or a girl. (True)

» Antibiotics kill viruses as well as bacteria. (False)

+ Electrons are smaller than atoms. (True)

» Lasers work by focusing sound waves. (False)

Factual Knowledge: Questions Not Used for “Trend” Scale

» Human beings, as we know them today, developed from earlier species of
animals. (True)
» The universe began with a huge explosion. (True)

SOURCE: Data from National Science Board (2016).

is science literate should further know “both general information about the
impact of science on the individual and society and more concrete policy
information on specific technological issues,” (Miller, 1983, p. 35), but this
additional dimension has not been a focus of Indicators or substantial work in
other countries (but see Bauer et al., 2000). Also, drawing on Shen (1975b), the
focus on constructs and inquiry is meant to apply primarily to “civic” science
literacy, which Miller describes as the type of science knowledge that might be
needed by a citizen to take part in public life, including following news in media
outlets, such as The New York Times (Miller, 2004, p. 274).

Measurement Validity of the Standard Measures

Methodologically, it is important to recognize that the specific questions
used to measure knowledge about scientific inquiry and concepts have always
been understood by their developers to represent measures of underlying
“latent” constructs. The implication is that an entirely different subset of ques-
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tions could have been selected and would provide similar results, and any such
subset could serve as a proxy for the underlying construct. To the extent that
this is true, it is not necessary to ask every possible question to capture the
underlying construct. All scale development in social science research builds
from this idea, which is roughly analogous to surveying a sample of the popula-
tion instead of the entire population (see DeVellis, 2003).

Efforts to create longer measures (e.g., the 110-question measure pro-
posed by Laugksch and Spargo, 1996) or measures that better capture specific
concepts—such as a wider range of scientific knowledge deemed as important
knowledge for the public, particularly the methods of inquiry or the procedures
for validating knowledge claims—miss the point. As Sturgis and Allum (2006,
p. 333), argue:

Confusing the contents of the measurement instrument with the attitude or
trait underlying responses to it is a common mistake among critics of quantita-
tive approaches to [public understanding of science]. But, as Philip Converse
has remarked, it does not take much imagination to realise that knowledge of
minor facts ... are diagnostic of more profound differences in the amount of
contextual information citizens bring to their judgments.

An important related issue is that the development of measures for survey
use—when the number of questions that can be used is limited by the amount
of time one can realistically ask someone to spend completing a survey—
requires a higher level of abstraction than the type of measures that might be
used in formal education settings. Open-ended questions are also problematic
because it is both expensive and time intensive to reliably code the responses.
As a result, instruments such as the “nature of science” batteries developed by
Lederman (2007) for use with students and teachers are not suitable for survey
research in public settings.

One important change to the items that Miller popularized occurred in the
2010 version of Indicators when the National Science Board decided to reduce
the battery of knowledge questions used to track factual knowledge from 11 to
9 items, removing the questions on evolution and the big bang. The decision to
remove these items was based on research that suggested they were effectively
assessing religiosity, rather than factual science knowledge among the U.S.
population (for a discussion, see National Science Board, 2012, p. 7-20). The
proportion of U.S. respondents giving a correct response on these questions
was much higher when they were given alternate wording that did not require
them to personally endorse evolution: respondents were asked to respond
“true” or “false” to “According to the theory of evolution, human beings, as
we know them today, developed from earlier species of animals,” rather than
“human beings, as we know them today, developed from earlier species of
animals” (National Science Board, 2016). The questions continue to be asked,
but they are not included in the composite scale. It is important to note that
the potential validity associated with the “evolution” and “big bang” items
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is culturally dependent, since these items are not always problematic when
included in factual knowledge scales in other countries. We also note that in
line with Miller’s conceptualization of science literacy (and as discussed above),
Indicators also includes measures of attitudes toward science, as well as interest
in science (see Chapters 3 and 5 for further discussion).

More recently, Kahan (2015, in press) suggests that the current Indicators’
items—including both the factual knowledge questions and the process
questions—could likely be combined into a single measure but that the avail-
able questions are too easy (also see Pardo and Calvo, 2004). He argues that
the standard measures do a reasonable job at differentiating those individuals
with low levels of science knowledge from those individuals with medium lev-
els of science knowledge, they seem to be less useful in differentiating people
with medium knowledge from people with high knowledge. Kahan (in press)
has thus proposed a new measure that includes some of the more difficult NSF
items and adds one item from a list of questions used by the Pew Research
Center (see, e.g., Funk and Rainie, 2015), as well as several questions from a
short form of a well-established numeracy scale (see, e.g., Weller et al., 2013).

Other researchers have also put forward general measures meant to tap
specific aspects of science knowledge or science literacy. Most of these, how-
ever, have yet to receive substantial additional use by researchers other than
those who created the measures. Among the most prominent efforts is the
work conducted by Funk and Rainie (2015) for the Pew Research Center, who
attempt to construct their own measure of science knowledge. No validation
work on this effort appears to have been published to date. In addition, arguing
that science literate individuals need to be able to understand what is present
in the normal civic discourse, Brossard and Shanahan (2006) created a measure
that directly assesses knowledge about the types of scientific terms used most
often in the news media.

Recent examples of efforts to assess additional dimensions of scientific
understanding include work on a scientific reasoning scale that attempts to cap-
ture understanding of key concepts associated with how science works (Drum-
mond and Fischhoff, 2015), as well as a measure to assess the degree to which
respondents understand the uncertainty of scientific evidence (Retzbach et al.,
2015). (See chapters below for our examination of the relationship between
survey measures of scientific knowledge and desired outcomes such as attitudes
toward science or particular sorts of individual action.)

Issue-Specific Measures

In addition to general science knowledge, it is also easy to imagine an
infinite range of measures aimed at capturing knowledge of specific scientific
areas or domains. However, whereas the public health community continues to
create a broad range of measures aimed at capturing knowledge about specific
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health conditions (Boston University, 2016), only limited research of this sort
has been done on other aspects of health or science. As Sturgis and Allum
(2006) discuss, one of the few frequently used set of measures is 10 true/false
questions aimed at assessing people’s knowledge of genetics and biotechnology.
This measure appears to have been initially developed for the Eurobarometer
(European Commission, 1997; Gaskell et al, 2003), but the questions have
also been used in other countries, including the United States (e.g., McComas
et al., 2014; Priest et al., 2003). There have also been less expansive efforts to
assess knowledge about nanotechnology using six questions (Lee et al., 2005)
or just two questions (National Science Board, 2012). More recently, efforts
have gone into trying to assess knowledge about climate change (e.g., Hart et
al., 2015; Kahan, 2015) and energy (e.g., Cacciatore et al., 2012a; Funk and
Rainie, 2015). Efforts to create more general environmental literacy measures
are also in progress (Shephard et al., 2014; Zwickle et al., 2014), though there
is not yet a standard measure.

Measuring Health Literacy

The number of survey-based instruments to measure health literacy has
proliferated over the past decade. At least 112 instruments have been devel-
oped, suggesting that there is no consensus on which measure to use and no
“gold standard.” The Health Literacy Toolshed® includes information on these
instruments, which focus on a broad range of health contexts and specific
health conditions, and which measure a variety of competencies. These include
pronunciation (20 measures); communication, including listening (5 measures)
and speaking (2 measures); numeracy (55 measures); information seeking (39);
and skills related to the application and function of health information (19).

Health literacy measures are used in a variety of ways. Clinicians may use
them to assess a patient’s health literacy level prior to or at the beginning of
a health care visit. Researchers may seek to improve health literacy directly,
measuring it before or after implementing an intervention, or they may focus
on examining the impact of an intervention on behavior, using health literacy
as an independent or control variable.

A recent review of health literacy measures notes that the existing measures
vary in the “dimensions that they measure and the level of psychometric rigor
to exhibit various aspects of validity.” (Haun et al., 2014, p. 327) The authors’
conclusion is that there still is no “single rigorously validated health literacy
measure that addresses the full range of dimensions” (p. 327) that character-
izes health literacy. As health literacy definitions evolve to include the demands
of health care systems, there is a concomitant need to develop measurement
tools that measure not only individual capabilities, but also the demands of

“See http://healthliteracy.bu.edu [July 2016].
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health materials, the communication skills of health care professionals, and the
expectations and assumptions of health care environments (Rudd et al., 2012).

According to a systematic review by the Agency for Healthcare Research
and Quality (AHRQ) (Berkman et al., 2004), most studies of adult health lit-
eracy used three instruments: the REALM (Rapid Estimate of Adult Literacy
in Medicine) (Davis et al., 1993), the TOFHLA (Test of Functional Health
Literacy in Adults) (Parker et al., 1995), and the WRAT (Wide Range Achieve-
ment Test) (Jastak and Wilkinson, 1984). However, rather than measuring
health literacy directly, these instruments were actually measuring aspects of
foundational literacy.

The first national assessment of adult literacy that included a specific focus
on health was the National Assessment of Adult Literacy Survey (NAAL) in
2003. NAAL measured prose, document, and quantitative literacy in relation
to tasks related to health, including clinical preventive health issues and naviga-
tion of the health system. The European Health Literacy Project administered
a health literacy questionnaire in eight European nations in 2011 (Segrensen
et al., 2015). The questionnaire examined self-reported difficulties in access-
ing, understanding, appraising, and applying information in tasks related to
health care decisions, disease prevention, and health promotion. Additional
items related to health behaviors, health status, health service use, and health
promotion.

THE PATH FORWARD: A SYSTEMIC VIEW

Early in the committee process, members repeatedly questioned the com-
mon understanding that science literacy is, or should be seen as, just a property
of individuals—something that only individual people develop, possess, and
use. The consensus that emerged from these discussions was that research on
individual-level science literacy provides invaluable insight, but also that such
research, on its own, offers an incomplete account of the nature, development,
distribution, and impacts of science literacy within and across societies. Instead,
the committee agreed that science literacy can usefully be studied at different
levels of social organization, that research on science literacy at the level of
individuals should be complemented by efforts to examine how science literacy
emerges in communities of people working together, and how both the nature
and effects of science literacy cannot be extricated from the social systems
within which they are embedded.

This committee’s consensus perspective should not be interpreted as a
repudiation of the research that examines science literacy among individuals—
by far the majority of research that explicitly focuses on science literacy—as
this report details (see, in particular, Chapter 5). Given the committee’s con-
sensus, it is still possible to see individuals as developing, possessing, or using
science literacy. But it also becomes possible to see individuals as nested within
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communities, contributing their knowledge and skills to collective actions that
appear to be science literate, even when any given individual has a very limited
knowledge of science. In this light, communities not only enable science literacy
at the individual level, they can under certain circumstances be thought of as
possessing science literacy themselves. Finally, the committee agreed that it
is essential to consider how an individual or community’s position in society
affects when and how it is important for them to be science literate and what
forms of science literacy will enable them to achieve their personal and civic
goals.

Because the committee sees the smaller units of analysis as being nested
within the larger ones (individuals within communities that are within the social
structures of their societies), we have taken the unusual step of beginning with
the largest level—the bird’s eye view afforded by comparisons across societies
and across groups and structures in society. From here, we shift our attention
to science literacy at the level of communities, and then we turn our attention
to individuals. This report structure means that most of the research from the
field of science literacy (the research that may be most familiar to our schol-
arly readers) appears toward the end of the report (in Chapter 5), while the
preceding chapters draw in scholarship from fields where science literacy is a
less common frame. One of the primary research challenges that lies ahead—a
challenge that is articulated but not addressed in this report—is understanding
how these different levels of analysis can fruitfully be brought together.

CONCLUSIONS

The committee’s review of the history of the definitions of science literacy
reveals a shifting landscape in which science knowledge has emerged as only
one component of a larger and more nuanced construct. Health literacy, too,
has evolved, in ways that suggest new potential for synergy between research
on health literacy and science literacy.

CONCLUSION 1 The committee identified many aspects of science liter-
acy, each of which operates differently in different contexts. These aspects
include (but may not be limited to): (1) the understanding of scientific
practices (e.g., formulation and testing of hypotheses, probability/risk, and
causation versus correlation); (2) content knowledge (e.g., knowledge of
basic facts, concepts, and vocabulary); and (3) understanding of science as
a social process (e.g., the criteria for the assignment of expertise, the role
of peer review, the accumulation of accepted findings, the existence of
venues for discussion and critique, and the nature of funding and conflicts
of interest).
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CONCLUSION 2 Historically, the predominant conception of science
literacy has focused on individual competence.

CONCLUSION 3 Foundational literacy (the ability to process information—
oral and written, verbal and graphic—in ways that enable one to construct
meaning) is a necessary but not sufficient condition for the development of
science literacy.

CONCLUSION 4 Concerns about the relationship of health literacy to
health outcomes have led to a reconceptualization of health literacy as a
property not just of the individual but also of the system, with attention
to how the literacy demands placed on individuals by that system might
be mitigated.

Science literacy looks quite different depending on what is being demanded
and from whom. As the committee illustrates in this report, science literacy can
no longer be narrowly identified with the abilities (or limitations) of an indi-
vidual. Using broader conceptualization would expand the ability to analyze
science literacy at the community and system or societal level.

Given this expanding understanding of science literacy, it is critical to be
able to accurately assess claims about the level and the consequences of science
literacy for individuals, communities, and society. If science literacy is more
than just the extent of an individual’s science knowledge, is the best means
of enhancing it a focus on individuals? This report addresses this question in
context by investigating the tensions between the shifting definitions of science
literacy and the way it has been measured over time and by considering how
those metrics have been used to understand whether (or not) science literacy
matters for individuals, communities, and society.
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Science Literacy in Society and the World

s discussed in Chapter 2, there are four rationales for the importance

of science literacy. Three of these arguments (economic, democratic,

and cultural) make claims about the value of science literacy for nations
and societies. Perhaps the most commonly heard claim is that a more science
literate population may help democratic societies make prudent and equitable
decisions about policy issues that involve science (European Commission, 1995;
Rudolph and Horibe, 2015). However, as discussed in this chapter, the avail-
able evidence on science literacy at the society level does not provide enough
information to draw conclusions on whether these claims are justified. In this
chapter, we review available evidence on science literacy from national and
international analyses, focusing on what is known about science literacy and its
correlates at the macro level, and we identify areas where evidence is lacking. In
our review, we consider different countries as different societies, characterized
generally by different cultures, level of economic development, and form of
governance. Chapter 4 will further delineate the differences between a society
and a community.

TWO RESEARCH PERSPECTIVES

Research on science literacy at the level of a nation or whole society can
be split into two perspectives. The first relies on data about individuals, usu-
ally collected through large public opinion surveys with representative samples
of a population. Aggregating these data and examining them as a whole or by
subgroup offers insight into broad patterns of attributes such as awareness,
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knowledge, and attitudes. This sort of analysis might examine, for instance,
the relationship between scientific knowledge and attitudes toward scientific
research, looking for patterns within and across countries. We refer to this as
the aggregate perspective. As we discuss below, the vast majority of scholarly
inquiry into science literacy at the whole-society level, as well as much of the
public discourse on science literacy, has adopted this perspective. The aggregate
perspective treats all participants in the national sample as individuals and their
contribution to science literacy at the society level are represented by statistical
means or variances.

The second perspective, which the committee thinks has great potential
value, focuses on social structures that likely contribute to science literacy, a
broad category that could include (but is not limited to) formal policies and
institutions (e.g., schools and the scientific establishment) as well as emergent
cultural properties such as norms of political participation, social and economic
stratification, and the presence of diverse groups and worldviews. This sort of
analysis might examine, for instance, how open meeting laws and other gover-
nance structures shape the participation of citizens in science-related decisions,
how large-scale information networks affect access to science information, and/
or how particular subgroups of citizens differ in their perspective on scientific
issues. We refer to this as the structural perspective. Though there has been
relatively little research on science literacy from a structural perspective, we
discuss later in this chapter how such an approach might help move the field
forward.

The two perspectives should be understood as complementary rather than
competing ways of understanding the nature and effects of science literacy at the
whole-society level. On one hand, the knowledge and attitudes of individuals—
attributes that are the focus of the aggregate perspective—influence society
through social interaction, which is mediated by social structures. For example,
if there is no platform for citizens to contribute to governance of scientific mat-
ters, what they do and do not understand about science may have little effect
on policy decisions. On the other hand, social structures inform what people
know, think, and feel. For example, membership in a cultural group (Kahan
et al., 2011) or connection to a social network (Brossard and Scheufele, 2013;
Southwell, 2013) affects what information people have and how they are most
likely to interpret that information. Research that examines the intersection of
these two perspectives is in its infancy, and more work is required to articulate
how the aggregate science literacy of individuals and the social structures that
shape their lives combine to affect important social outcomes.

SCIENCE LITERACY ACROSS SOCIETIES

The available research on science literacy at the macro-level focuses on
cross-national comparisons. The number of countries administering national
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surveys to measure the public’s attitudes toward science and general knowledge
of science has grown since the 1970s (Bauer et al., 2012b). Table 3-1 lists many
of those surveys (Bauer and Falade, 2014; National Science Board, 2016). These
surveys ask standard questions® to nationally and internationally representative
adult samples, typically 1,000 interviews or more. There is no publication cur-
rently that compiles results from all of these surveys. However, there are studies
that make comparisons across some countries on similar measures (e.g., see
summaries from National Science Board (2016) discussed later in this chapter).

It is possible to compare different countries’ aggregated responses to iden-
tical (or substantially similar) questions regarding science knowledge and/or
attitudes toward science. That said, the committee recognizes the limitations
of these comparisons. In the rest of this section, we summarize the available
findings that can be compared from surveys across the globe, drawing primar-
ily from the Science and Engineering Indicators compiled by the U.S. National
Science Foundation (National Science Board, 2016).

The limitations inherent in international comparisons require careful con-
sideration. The available data includes the use of nearly identical questions
across multiple countries in multiple years, which reassures the committee that
comparisons of aggregated responses can provide some meaningful insight on
public knowledge and attitudes toward science. That said, seemingly identical
questions can be affected by language and cultural differences that cause ques-
tions to be interpreted differently. The data that are being compared were often
collected at different time periods and/or in different contexts (i.e., face-to-face
interviews versus paper or online questionnaires). For some countries, there are
large gaps between data collection years, and there is much irregularity between
the countries as to when data were collected (Table 3-1). Some data may not be
made available to researchers. Data for international comparison come primar-
ily from Europe, with only limited recent data from the Asia-Pacific region.
Data from Africa and South America are especially rare. In addition, like any
survey data, the results are subject to sampling and response errors which
may result in the omission of significant portions of the target populations or
the inclusion of respondents who were not citizens of the countries in which
they were surveyed. Also of note, while science and engineering can be under-
stood as distinct fields, national survey data often do not make this distinction
(National Science Board, 2016).

Knowledge of Science

Most surveys of adult populations use a small set of quiz-like questions to
measure the public’s knowledge of underlying science constructs. The nature

ISee Table 3-2 for common knowledge questions asked across multiple surveys as well as more
detailed information about the questions in Chapter 2.
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TABLE 3-1 National Surveys of Public Knowledge and Attitudes Toward

Science

Country

Survey Titles and Sponsors

United States

Years Administered

Canada
Years Administered

China

Years Administered

European Union
Years Administered

India
Years Administered

Japan
Years Administered
Malaysia

Years Administered

Russia
Years Administered

Korea

Years Administered
Argentina

Years Administered
Brazil

Years Administered

National Science Foundation Public Attitudes Toward and
Understanding of Science and Technology, General Social
Survey (GSS), GSS Science and Technology Module

1979, 1983, 1985, 1988, 1990, 1992, 1995, 1997, 1999,
2006, 2008, 2010, 2012, 2014

Ministry of Science and Technology; Public Survey of
Science Culture in Canada
1989, 2013

China Association for Science and Technology, Chinese
National Survey of Public Scientific Literacy; China
Research Institute for Science Popularization

1991, 1995, 1997, 2001, 2003, 2007, 2010

Eurobarometer
1977, 1978, 1989, 1992, 2001, 2005

National Council of Applied Economic Research
2004

National Institute of Science and Technology Policy, Survey
of Scientific Literacy
1991, 2001, 2011

Science and Technology Information Center, Survey of the
Public’s Awareness of Science and Technology
2000, 2014

Survey of Public Attitudes Toward Science and Technology
in Russia
2003

Survey of Public Attitudes Toward and Understanding
of Science and Technology—Korea Foundation for the
Advancement of Science and Creativity

2004, 2006, 2008

Red Iberoamericana de Indicadores de Ciencia y
Tecnologia
2003

Brazilian National Research Foundation, Research
Foundation of the State of Sao Paulo, Brazil
1987, 2003, 2006
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TABLE 3-1 National

Country Survey Titles and Sponsors

Bulgaria Bulgarian Academy of Science, Institute of Sociology, Sofia

Years Administered 1992, 1996 (also included in Eurobarometer survey 2001,
2005)

France Centre for the Study of Political Life, SciencePo, Paris

Years Administered 1982, 1988 (also included in Eurobarometer survey)

New Zealand Ministry of Science and Technology

Years Administered 1997

United Kingdom Economic and Social Research Council, MORI (British

public opinion research company); Office of Science and
Technology, London

Years Administered 1986, 1988, 1996, 2000, 2004 (also included in
Eurobarometer survey)

15 countries, including the BBVA Foundation International Study on Scientific Culture
United States

Years Administered 2011

11 countries, including the World Values Survey

United States

Years Administered 2010-2014

SOURCE: Data from Bauer and Falade (2014) and National Science Board (2016).

and development of these questions is discussed elsewhere in the report (see
Chapter 2). Across the set of knowledge questions (see Table 3-2), scores for
individual items vary from country to country, and no country seems to outper-
form the others on every question (National Science Board, 2016). Table 3-2
shows the proportion of each sample by country that answered specific ques-
tions correctly for the most recent survey year available. As shown in this table,
the United States’ correct response rate is higher than some countries and lower
than others. The National Science Board (2016) notes that U.S. performance
on science knowledge has been fairly stable across 2 decades. In 2014, a repre-
sentative sample of adults in the United States correctly answered an average
of 65 percent of the knowledge questions used for the trend scale.? This score

°The questions used for the trend scale across years in the Science and Engineering Indicators
include the nine factual knowledge questions described in Box 2-4 (see Chapter 2). In 2014, Ameri-
cans were able to correctly answer an average of 5.8 of the 9 items (National Science Board, 2016).

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

(eniy,) 'swole ueyl

Pid 144 (€9 8¢ 0¢ 9 LT 8¢ 1< Jo[[ews o8 SUOIIdI[Y

(9s[e]) oprw-ULW

144 ]9 0 79 VN 6¢< 44 L L st fipanovorper [y

(ung punole yiiey)

¢y3iey Y3 punoie

08 ung 2y} sa0p 10

‘ung oyl punoie

98 VN <8 VN 0L 99 VN L8 9L 08 qurey 2yl s20(]

(eniy)

*9A0W 01 dNUNUOD

[ pue sieaf jo

wCOSEE HOW GOCNUO~

J19y3 Sursow udaq

L8 (04 29 68 49 L8 0¢ 16 4 SABY SJUSUNTOD Y],

(eniy))

3oy A39A ST yaey

LS VN <L 78 LS 98 9¢ €6 78 913 JO I93U3d Y[,

suonsang) IuIG [BIISAYJ
%1 ¢F Y% 1LTF %CTF B eCTF uISIeW JOIIY
0001 L0cC €C9C 86 01 ZI8 [q a9 €0¥'9C 91+89 00T 0¢1e N
uopEWIOU] £3AIng

(¥002) (€002) (¥102) (TT02) (¥002) (€002) (0T02) (€1T02) (¥102)
©2I0Y Inog BISsmy[ eIsAelely uede[ vIpul uorun vury) epeuR)) EENAIN
ueadoingg panun

(98e1ua010d uy) UoISoY

/A11uno7) £q ‘s90USIdG [BI1S0[0Ig puUE [BIISAYJ UI suonsang) 9Spa[aouy [en1de,] 01 asuodsay 1991107 ¢-¢ AIIV.L

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

53

('SONOIqIIUE, | JO PE2ISUT  SIAIPOqHUE, Inoqe payse Aoains uede(., .

(€L 91981 ‘910¢) preog 22uspg [euoneN :HOYNOS

(OUT s I9yIeF, JO PEIISUI DUIT S IDYIOW, NOqe pIse skoains sdoiny pue BUIY),

“pa3{se 10U uonsanb 10 J[qe[IEAL 10U BIEP S21BIIPUI YN BIUBWOY PUE BLIES[NE SPN[OUI 10U S90P INq ‘WOPSUTY Paliu() 91 Pue ‘Uspamg ‘uredg BIuaA0[g
‘eIEAO[S ‘[BSNIIOJ ‘PUB[OJ ‘SPUB[IDYIDN Y} ‘BIEJN ‘Sinoquoxn ‘eruenyir] ‘eraie] Aei] ‘puepi] AreSunp ©9o991c) Kurwior) Qouel] ‘pUBIUL] ‘BIUOISH
Srewud(q Oqnday yooz)) ‘snidAD) ‘wnispg ‘eisny sopnpul ejep voru() ueddoinyg KI3unod yoes JoF S[qe[IeAR JEIA JU202T ISOW 2y} 10§ 1 Ble(] :SHION

79

0¢

68

L9

T¢

147

81

éa

99

144

VN

91

(94

VN

0¢

8L

8¢

9¢

VN

9¢

9¢

6¢

8¢

0L

9

¥9

99

8¢

8¢

suonsan() duddg [ed1ojorg

149

VN

VN

LY

VN

¢C

vL

59

VN

89

19

6

99

68

(44

0¢

(eniy))

‘s[ewrue jo sarads
191189 woi1y padopaasp
‘Aepo1 WAl MOU am
se ‘sgupq urwnp

(4s1ed)
wx 'BLID1OEQ SE [[M SE
SISNIIA [[IY] SdpOIquuUy

(onay) #.ﬁg
v J0 £0q © s1 £qeq o1
ISYIYM SIPIOIP 1B
Sua8 s 19yIe] 9y3 ST 1]

(eniy))

‘uorso[dx» a8ny v yim
UBS(q 9SIDATUN I,
(os1ed)

‘S9AEM PUNOS SUISNOO]
£q yI0M SI9SB]

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

54 SCIENCE LITERACY

is nearly identical to the average across surveys since 2001 and a slight increase
from the average correct in 1992.

In order to respond to the statement of task, the committee reports the
National Science Board’s comparison of aggregated responses to identical or
similar science knowledge questions asked in different countries. As mentioned
above, the committee recognizes the limitations of comparing questions asked
in different survey administrations under different contexts, but is compelled
to use the best data available.

In 2011, the BBVA Foundation surveyed 10 European countries and the
United States on a set of 22 knowledge questions that varied from those tradi-
tionally asked.> The United States, on average, performed similarly to many of
the European countries, and slightly above the European average. In this survey
as well as others reported by the National Science Board (2016), science knowl-
edge scores have varied between different European countries, with northern
European countries, including Denmark, the Netherlands, and Sweden, tend-
ing to score the highest. Notably, in comparisons with performances across
European countries, U.S. performance on knowledge questions tends to fall in
the middle. In the United States, as well as in Europe, researchers have noted
that men, younger adults, and more highly educated people tend to score higher
on these questions, and these trends have been fairly consistent across different
surveys and years (National Science Board, 2008, 2016; Wellcome Trust, 2013).

Variations in level of science knowledge among countries can potentially
be attributed to different levels of education across societies and levels of eco-
nomic development. Bauer (2009) draws on large-scale surveys of knowledge
and attitudes across European and Indian states (over 30,000 interviews in
each) to conclude that people’s knowledge of science does scale with economic
development, as indicated by Gross Domestic Product per capita.

Beyond factual knowledge, reasoning capabilities and understanding of
the processes of science have not been the focus of surveys from most other
countries in recent years. However, the National Science Board (2016, pp. 7-54,
7-55) acknowledges a few available findings in this regard:

In Asia, a 2010 Chinese survey reported that 49% understood the idea of
probability, 20% understood the need for comparisons in research, and 31%
understood the idea of “scientific research” (China Research Institute for
Science Popularization, 2010). In a July 2011 Japanese survey, 62% correctly
answered a multiple-choice question on experiments related to the use of a
control group, whereas 57% answered correctly in a follow-up December
2011 survey (National Institute of Science and Technology Policy, 2012). [In
the United States], 66% of Americans provided a correct response to a similar
question in 2014.

There are also surveys of adolescents’ understanding of science, which have

3See http://www.fbbva.es/TLFU/dat/Understandingsciencenotalarga.pdf [June 2016].

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

SCIENCE LITERACY IN SOCIETY AND THE WORLD 55

been used in global assessments of science knowledge and competencies in
school-age children. We present this data here because adolescent data is often
cited in popular media as an indication of flagging U.S. science achievement.
The committee declines to draw conclusions based on this adolescent data,
however, as a thorough analysis of this data is outside the scope of this report.
As noted in the introduction to this report, we focus on evidence pertaining to
adults in order to remain consistent, as much of the research on public percep-
tions of science uses indicators of adult science knowledge (see Chapter 5).

The most well-known measure is the Programme of International Student
Assessment (PISA) from OECD, which was set up in 1997 with the first survey
results published in the year 2000. Every PISA survey tests “reading, math-
ematical and scientific literacy in terms of general competencies, that is, how
well students in economically developed countries can apply the knowledge
and skills they have learned at school to real-life challenges.”* PISA does not
test how well a student has mastered a school’s specific curriculum. The goal
of PISA is the measurement of the science literacy of 15-year-old students.
In the initial tests, 28 OECD countries, including the United States, and 4
non-OECD countries participated. In 2018, 34 OECD countries and 46 non-
OECD countries will participate. The assessment uses a randomized sample
of students drawn from each country. The tests last for two hours with one
subject out of reading, mathematics, and science defined as the major subject
and the two others defined as minor subjects.” The tests contain a set of trend
items which enable comparability from year to year. The results for the United
States in comparison to the lowest and highest achieving countries are shown in
Table 3-3. The U.S. performance in science is not statistically different from the
average among a wide range of countries. However, enormous variation within
the United States has been observed; for example, students from Massachusetts
(for which there was a separate sample in 2009) did as well as the Asian coun-
tries (Carnoy and Rothstein, 2013).

The other international test in which the United States participates is the
Trends in Mathematics and Science Survey (TIMSS). Established in 1995,
this measures 8th graders’ mathematics and science knowledge every 4 years.
However, unlike the PISA, TIMSS is designed to align with each participating
country’s science curricula. The results of TIMSS “suggest the degree to which
students have learned mathematics and science concepts and skills /z&ely to
have been taught in school.” Further, TIMSS also “collects background informa-
tion on students, teachers, schools, curricula, and official education policies to
allow cross-national comparison of educational contexts that may be related to

4See PISA FAQ at https://www.oecd.org/pisa/aboutpisa/pisafaq.htm [July 2016].

*What PISA measures is defined by the assessment framework which is rewritten when it is the
turn of one of the three major subjects to be assessed. The one defining what was to be assessed
in science in 2015, when science was the major subject, was rewritten in 2012 (OECD, 2012a).
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TABLE 3-3 International Performance on PISA

SCIENCE LITERACY

Lowest Achieving

Highest Achieving

Date Countries U.S. Score Countries

2000 Peru: 333 (4.0) 499 (7.3) Korea: 552 (2.7)
Brazil: 375 (3.3) Japan: 550 (5.5)
Albania: 376 (2.9) Hong Kong: 541 (3.0)
Indonesia: 393 (3.9) Finland: 538 (2.5)

2006 Kyrgyzstan: 322 (2.9) 489 (4.2) Finland: 563 (2.0)
Qatar: 349 (0.9) Hong Kong: 542 (2.5)
Azerbaijan: 382 (2.8) Canada: 534 (2.0)
Tunisia: 386 (3.0) Taiwan: 532 (2.6)

2012 Brazil: 405 (2.1) 497 (3.8) Shanghai-China: 580

(Science was not a
major subject this
year)

Kazakhstan: 425 (3.0)
Costa Rica: 429 (2.9)
Cyprus: 438 (1.2)

(3.0)
Singapore: 551 (1.5)
Hong Kong: 555 (2.6)

Japan: 547 (3.6)

NOTE: The scores are normalized to a scale which goes from 0-1000 with a mean of 500 and
standard deviation of 100. Standard errors appear in parentheses.
SOURCE: Data from OECD and UNESCO Institute for Statistics (2003) and OECD (2007, 2014).

student achievement” (Provasnik et al., 2012, p. 1[emphasis added]). The com-
mittee therefore sees these results as a way to measure how well an education

system performs an international context, rather than as a measure of science
literacy. See Table 3-4 for TIMSS results.

Attitudes toward Science

According to the National Science Board (2016, p. 7-6), “...Americans’
overall attitudes about science are either stable or becoming more positive” and
are generally comparable to those of other countries. For example, spending on
basic scientific research has been consistently supported by U.S. public opinion.
About 80 percent of U.S. respondents have agreed “that the federal govern-
ment should fund scientific research” (p. 7-7) across multiple survey years from
1981 to 2004. Levels of agreement in South Korea, Malaysia, Japan, and Brazil
are similar to those in the United States, whereas agreement is slightly less in
Canada, China, and Europe at 72-77 percent (National Science Board, 2016).

Several different surveys have asked similar questions about the perceived
past and future benefits of science and technology (S&T) (European Com-
mission, 2013; Council of Canadian Academies, 2014; World Values Survey,
2014). Responses across countries have been largely favorable with the public
viewing positive influences of science on society and prospects for the future
(see Box 3-1 for comparisons of different countries).
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In a similar question, the World Values Survey asked respondents to
address whether science has made the world better off or worse off (World
Values Survey, 2014); most respondents across countries agreed the world was
better off because of science (National Science Board, 2016). Among OECD
countries surveyed 2010-2014, the U.S. response was similar to those in other
countries with 79 percent agreeing the world was better off, compared to
responses in South Korea (84 %) and Sweden (80%), and Japan (75 %).

Data are available for the U.S. public on people’s reported confidence in
the leaders of the scientific community. Here, again, there has been much stabil-
ity in views since the 1970s. In 2014, 90 percent of U.S. respondents expressed
a great deal or some confidence in leaders in the scientific community, rating
science more favorably than almost all other institutions (see Figure 3-1).

TABLE 3-4 International Performance of 8th-grade Students on TIMSS
and the Highest- and Lowest-performing Countries

Lowest Achieving

Highest Achieving

Date Countries U.S. Score Countries

1995 South Africa: 326 (6.6) 534 (4.7) Singapore: 607 (5.5)
Columbia: 411 (4.1) Czech Republic: 574
Kuwait: 430 (3.7) (4.3)
Cyprus: 463 (1.9) Japan: 571 (1.6)

Korea: 565 (1.9)

1999 South Africa: 243 (7.8) 515 (4.6) Taiwan: 569 (4.4)
Morocco: 323 (4.3) Singapore: 568 (8.0)
Phillipines: 345 (7.5) Hungary: 552 (3.7)
Chile: 420 (7.8) Japan: 550 (2.2)

2003 South Africa: 244 (6.7) 527 (3.1) Singapore: 578 (4.3)
Ghana: 255 (5.9) Taiwan: 571 (3.5)
Botswana: 365 (2.8) Korea: 558 (1.6)
Phillipines: 377 (5.8) Hong Kong: 556 (3.0)

2007 Ghana: 303 (5.4) 520 (2.9) Singapore: 567 (4.4)
Qatar: 319 (1.7) Taiwan: 561 (3.7)
Botswana: 355 (3.1) Japan: 554 (1.9)
El Salvador: 387 (2.9) Korea: 553 (2.0)

2011 Ghana: 306 (5.2) 525 (2.6) Singapore: 590 (4.3)

Morocco: 376 (2.2)
Indonesia: 406 (4.5)
Lebanon: 406 (4.9)

Taiwan: 564 (2.3)
Korea: 560 (2.0)
Japan: 558 (2.4)

NOTES: Scores are reported on a scale which is normalized to go from 0-1000 with an average of
500 and standard deviation of 100. Standard errors appear in parentheses.
SOURCE: Data from Beaton et al. (1996) and Martin et al. (2000, 2004, 2008, 2012).
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BOX 3-1
International Comparisons on Perceived
Future Benefits from Science

For the Eurobarometer, Europeans were asked whether they believe S&T [science and
technology] would “provide more opportunities for future generations.” Three-quarters
of Europeans (75%) agreed, and several northern European countries were again
among the most favorable, led by the Netherlands (88%), Estonia (87%), Denmark
(85%), and Sweden (85%). The least positive attitudes were in Southern and Eastern
Europe, including Slovenia (64%), Romania (67%), and ltaly (67%).

Among OECD countries in the [2010-14 World Values Survey], the 79 percent of
Americans who said they believe S&T will ensure more opportunities for future gen-
erations is similar to results from the Netherlands (84%), South Korea (80%), and
Australia (74%). The OECD countries that see the most hope from S&T are Estonia
(93%) and Poland (86%). Beyond the OECD, the countries in which there appears to
be the most hope for S&T include Libya (97%), Qatar (93%), Uzbekistan (93%), and
Armenia (91%) (World Values Survey, 2014). A separate 2013 survey indicated that
74 percent of Canadians agreed that S&T would create more opportunities for the next
generation (Council of Canadian Academies, 2014).

. . most [Asian] respondents appeared to support S&T. In 2010, 75% of Chinese
respondents “fully” or “basically” agreed that S&T brings more advantages than dis-
advantages . . ., (China Research Institute for Science Popularization, 2010). In 2011,
54% of Japanese respondents said that S&T development has more advantages than
disadvantages (National Institute of Science and Technology Policy, 2012). South
Koreans were asked separate questions about the risks and benefits of S&T. In 2012,
about 83% “agreed” or “somewhat agreed” that S&T promotes a healthy and conve-
nient life, and 72% agreed that S&T “helps in everyday life.” However, 60% also agreed
that S&T “creates problems” (Korean Foundation for the Advancement of Science and
Creativity, 2013).

SOURCE: National Science Board (2016, pp. 7-61, 7-62, 7-65).

The relationship between science knowledge and attitudes toward science
for individuals is discussed in detail in Chapter 5. However, we consider here
what is known across countries (societies) about this relationship. The meta-
analysis by Allum et al. (2008, p. 51), synthesizing results from public opinion
surveys in a range of countries from 1989 to 2005, found “there is very little
cross-cultural variation in the correlation between knowledge and attitudes. . . . ”
The committee inferred from these results that the mechanism by which science
knowledge and general attitudes toward science are associated, whatever it may
be, is likely very similar in all countries for which we have knowledge and atti-
tude measures. This weak positive correlation is discussed further in Chapter 5.
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FIGURE 3-1 Public confidence by type of institution, 2014.

NOTE: The responses were to the following question: “As far as the people running
these institutions are concerned, would you say that you have a great deal of confidence,
only some confidence, or hardly any confidence at all in them?”

SOURCE: National Science Board (2016, Fig. 7-17); data from the 2014 General Social
Survey.

Others have looked at cross cultural variations in attitudes/support for
specific science innovations; one study looked at nanotechnology in the United
States and Singapore (Liang et al., 2013). The authors concluded that the
mechanisms at play were different in the two nations when a specific scientific
issue is considered. In each country, perceived familiarity with nanotechnology
and of the benefits and risks of the emerging technology tend to be interpreted
differently. The responses were filtered through different values (religiosity and
deference to scientific authority), therefore indirectly affecting public support
in different ways (Liang et al. 2013).

Research using the country as the unit of analysis is rare. However, this
type of research may be helpful in understanding the impact of variations
in science literacy at the society level. One exception is the work of Durant
and colleagues, who proposed that societies or countries with higher levels
of scientific, technological, and industrial development (as measured by stan-
dard international indices) will attend to science knowledge differently than
those societies or countries with lower levels (Durant et al., 2000). Using data
from the 1992 Eurobarometer with respondents in 12 European countries, the
researchers found that the level of public scientific knowledge (represented by
the aggregated mean of individual measures) increases as the level of industrial-
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ization® increases. Furthermore, they found that “sociodemographic variables’
are better predictors of knowledge in the less industrialized countries than in
the advanced industrialized countries” (Durant et al., 2000, p. 141). With the
1992 Eurobarometer data, they also observed that average interest in science
increases among countries from low- to mid-levels of industrialization and that
average interest drops off for countries with the highest levels of industrializa-
tion. The researchers suggest that this trend may occur because more knowl-
edgeable societies may take science knowledge for granted and as a result show
lower levels of interest in science. A similar pattern emerged in comparisons of
average attitudes toward science in Indian states (with relatively low economic
development) and European states (with relatively high economic development)
(Bauer, 2009), as well as in comparisons of China to Europe (Liu et al., 2012).

Interpreting Data on International Comparisons

Cross-national research is useful for revealing broad-brush patterns and
trends over time. In recent decades, such comparisons have focused on per-
formance metrics. For countries for which there are data, attitudes toward
science have been (and remain) quite positive, particularly in regard to sup-
port for scientific research and opportunities created by science for societies.
Across indicators of science knowledge on public surveys of adults, scores
for individual questions vary from country to country, and no country consis-
tently outperforms other countries. There is some evidence that society-wide
levels of educational attainment and economic development correlate with
average scores on survey measures of science knowledge. There has also been
some research examining variations in the relationship between knowledge and
attitudes across different societies, but more work is needed to draw strong
conclusions.

Some observers interpret these comparisons and scores as reassuring, given
the relative similarity across countries. Others see them as disheartening, on
the grounds that populations in developed countries should score higher on
measures of science knowledge.® At times, findings on individual knowledge
questions in national surveys have been taken out of the context of gauging

®Durant and colleagues use a socioeconomic indicator of industrialization developed by Bairoch
(1982).

"The term “sociodemographic” is used in the European literature and refers to variables involving
social and demographic factors, such as gender, age, level of education, and income class.

8See, for example, http://www.pewresearch.org/fact-tank/2015/02/02/u-s-students-improving-
slowly-in-math-and-science-but-still-lagging-internationally/ or http://blogs.discovermagazine.
com/loom/2012/06/11/science-literacy-a-worldwide-look/#.V1BeyU3ruUk or https://www.
sciencedaily.com/releases/2007/02/070218134322.htm [June 2016].
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science literacy from a set of science questions and over-interpreted.® Perhaps
more importantly, the historical focus on average levels obscures the very con-
siderable diversity within societies. The next section examines how science
literacy (and the related concepts of foundational literacy and health literacy)
is distributed in the United States.

VARIATIONS IN LITERACY WITHIN SOCIETY

When it comes to measures of science literacy, there is often greater varia-
tion within a country than between countries. In other words, the difference
between the most and least knowledgeable people in a society is far greater than
the knowledge difference between the average citizen and the average citizen in
another country (Sum et al., 2002; Carnoy and Rothstein, 2013). A closer look
at variation within one country (the United States) reveals stark disparities in
knowledge, access to knowledge, and access to systems that enable people to
interpret and act on the knowledge they have.

Research on stratification, variation, and disparities in science literacy is
very rare. Existing data on science knowledge, of the sort collected in the
ongoing Science and Engineering Indicators project, offers limited insight. The
subgroup differences in the Science and Engineering Indicators'™ are available by
age, gender, education level, and family income. Surveys of factual knowledge
since the early 1980s tend to show a significant gap between the top-performing
age group (ages 25-34 in the 2014 results) and older age groups, though this
gap is narrowing. The overall average score for men tends to be higher than for
women (69% and 61%, respectively, in 2014); however, differences depend on
specific questions asked. In addition, a strong relationship has been observed
between scores of factual knowledge and level of formal schooling and the
number of science and mathematics courses a person has completed. Infor-
mation on family income has been compared since 2006. Respondents in the
top income quartile have consistently scored higher than those in the bottom
quartile (76% and 54 %, respectively, in 2014) (National Science Board, 2016).

A recent Pew Research report, based on a survey of knowledge on 12
science-related questions (see Box 3-2),!! finds similar relationships between
demographic factors and science knowledge (Pew Research Center, 2015).
Generally, younger adults displayed slightly higher overall knowledge of science

“See, for example, http://www.science20.com/news_articles/science_literacy_american_adults_
flunk_basic_science_says_survey-47608 [July 2016].

19Data reported in the Science and Engineering Indicators are taken from relevant questions
asked on the General Social Survey: see Appendix Table 7-6 in National Science Board (2016) for
a breakdown of percentage answering trend factual knowledge questions correctly by respondent
characteristics.

"For more information, see http://www.pewinternet.org/2015/09/10/what-the-public-knows-
and-does-not-know-about-science/ [May 2016].
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BOX 3-2
Questions from the Pew Research Center Survey

Below are the questions and the percentages of people answering them
correctly.

Earth’s core is its hottest layer (86%).

Uranium is needed to make nuclear energy/weapons (82%).

A comet has icy core and tail of gas and dust (photo question) (78%).
Ocean tides are created by gravitational pull of moon (76%).

Jonas Salk developed polio vaccines (photo question) (74%).
Distinguish definition of astrology from astronomy (73%).

Radio waves are used to make/receive cellphone calls (72%).

A light-year is a measure of distance (72%).

Interpret a scatterplot chart (graph) (63%).

Identify how light passes through magnifying glass (image question)
(46%).

11. Amplitude or height determines loudness in a sound wave (35%).

12. Water boils at lower temperature at high altitudes (34%).

COXXNDGO AN~

=

SOURCE: Data from Pew Research Center (2015).

than adults ages 65 and older, though this trend was reversed on some specific
questions. The Pew study also found a gap in science knowledge between men
and women, with men outperforming women on many questions, even when
comparing men and women with similar levels of education. Notably, the ques-
tions on the Pew survey were primarily drawn from the physical sciences, an
area in which men tend to fare better than women, as contrast to the biologi-
cal sciences, an area in which women tend to answer more questions correctly
(National Science Board, 2016).

The Pew study also found differences associated with race and ethnicity.
Whites were more likely than Hispanics or black Americans to answer more of
the questions correctly, on average; the mean number of items correct is 8.4 for
whites, 7.1 for Hispanics, and 5.9 for black Americans.!? These findings should
be interpreted with caution due to the smaller number of respondents in this
survey who are black American (N = 259) or Hispanic (N = 247) compared to
the number of respondents who are white (N = 2,551). The findings, though,

2The Pew Research Center report (2015, p. 5) points out that “the findings on race and ethnicity
are broadly consistent with results on science knowledge questions in the General Social Surveys
between 2006 and 2014. Pew Research analysis of the GSS data finds white adults scored an average
of 6.1 out of 9 questions correctly, compared with 4.8 for Hispanics and 4.3 for black Americans.”
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are consistent with those from previous Pew Research surveys!® as well as other
studies that measure knowledge or educational performance across a range of
domains.

The Pew Research report is a rare analysis of race and ethnic differences in
regards to science literacy. In most studies on scientific knowledge and attitudes
data are not disaggregated by race, class, or other social group because of issues
such as sample size within the subgroups. However, educational measures
assessing students’ knowledge, for which sample sizes are often larger, are com-
monly disaggregated in this way, and they reveal stark differences in scientific
knowledge by race and socioeconomic status (SES), as well as geographic
differences from state to state and region to region within a state (National
Center for Education Statistics, 2012b; U.S. Department of Education, 2014b).
Although the results of standardized science assessments in school settings may
be an imperfect proxy for adult science literacy, researchers studying knowl-
edge gaps for decades have observed in both cross-sectional and time-series
research that people with higher levels of education and science knowledge are
significantly more likely to acquire and understand science information from
public sources, which suggests that differences in knowledge and interest are
likely to expand rather than contract over lifespans (Viswanath and Finnegan,
1996; Southwell, 2013).

In contrast with the scarcity of research on disparities in science literacy,
there is a substantial body of research focused on disparities in foundational
literacy and health literacy. Taken together the results of this research paint a
sobering picture of intra-national disparities. Comparisons of this sort evoke a
shallow and problematic deficit perspective!* that may not accurately portray
the competence of particular individuals and groups. At the same time, com-
parisons of this sort are useful ways of demonstrating inter-group differences
on particular measures in ways that prompt discussion about the origins and
consequences of those differences.

Examining such differences in literacy, a 2002 report used the joint avail-
ability of large-scale literacy assessments (the National Adult Literacy Survey
(NALS) and the International Adult Literacy Survey (IALS) “to compare both
the distributions and average literacy proficiencies of adults in the U.S. with
those of adults in other high-income countries around the world” (Sum et al.,
2002, p. 5). The report found that the average literacy score of U.S. adults was
similar to the average scores of other countries, with the U.S. score falling in
the middle of the range of scores from countries that were surveyed. More

BSee http://www.pewinternet.org/2015/09/10/comparison-of-science-knowledge-questions-
across-pew-research-center-surveys/ [July 2016].

14“Deficit perspective” is a term used to characterize viewpoints which focus on individuals’ or
population’s weaknesses and which can at times associate differences between groups as weaknesses
and unfairly characterize certain groups as deficient in some regard.
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importantly, however, certain subgroups fell in the bottom half of the overall
distribution, revealing a high degree of inequality between the best and poor-
est performers in the United States. The NALS results showed large gaps in
the average scores of white adults and those of black and Hispanic adults. In
addition, the mean literacy scores of young adults in the United States varied
quite substantially by educational attainment.

These trends in foundational literacy are echoed in health literacy. In
2004, a report on the state of health literacy in the United States (Rudd et al.,
2004) analyzed performance on 191 health-related tasks'” in NALS and TALS.
The results of this analysis highlighted significant inter-group differences, and
included the worrisome finding that 12 percent of the U.S. adult population
scored in the lowest bracket, with an additional 7 percent scoring at a slightly
higher level that might still be expected to have great difficulty performing
simple health-related tasks (Rudd et al., 2004, p. 3). Years of schooling, age,
racial and ethnic status, and country of birth were all powerful predictors of
health-related literacy skills among adults. Figure 3-2 shows the distribution of
scores for each of these characteristics. The average overall score on this 500
point scale is 272 with a standard deviation of 61. In Figure 3-2(a), the aver-
age score of adults who had not completed high school or earned a general
equivalency diploma (GED) (220) is lower than that for individuals who had
graduated from high school or earned a GED (271) and lower than for those
who had continued their education beyond high school (306). Figure 3-2(b)
illustrates differences between racial/ethnic groups. Notably, among Hispanic
adults, some 30 percent scored below Level 1. The report notes that several
variables such as education, health status, poverty status, and immigrant status'®
influence the observed differences among racial/ethnic groups. Figure 3-2(c)
shows that almost half of adults older than 65 in the United States performed
in or below Level 1 (scores less than 25).

The Institute of Medicine (2004) delved deeper into the problem of health
literacy, finding relationships between limited health literacy, poorer health
status, and lower use of preventive services. These findings have had a consider-
able effect in the health care community, leading to a surge in research focused
on interventions that could improve a patient’s health literacy or on changes
to the health care system that would reduce literacy demands on patients (e.g.,
Chin et al., 2007; Sudore and Schillinger, 2009). Some of this research is dis-
cussed in Chapter 5.

BFor example, survey respondents were asked to read a medicine dosage chart and indicate the
correct dose for a child of a particular weight and age, and to interpret information from a news
article on bicycle safety (Rudd et al., 2004).

16The survey considered whether respondents were born in or outside the United States and
found that 48 percent of Hispanic respondents were born outside the country.
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FIGURE 3-2a Average Health Activities Literacy Scale (HALS) proficiency and per-
centage at each level by education.

SOURCE: Rudd et al. (2004, Fig. 4).

Copyright © 2004 Educational Testing Service. Policy Information Report: Literacy and
Health in America. Used with permission.
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FIGURE 3-2b Average Health Activities Literacy Scale (HALS) proficiency and per-
centage at each level by race/ethnicity.

SOURCE: Rudd et al. (2004, Fig. 5).

Copyright © 2004 Educational Testing Service. Policy Information Report: Literacy and
Health in America. Used with permission.
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FIGURE 3-2¢ Average Health Activities Literacy Scale (HALS) proficiency and per-
centage at each level by age.

SOURCE: Rudd et al. (2004, Fig. 6).
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THE ROLE OF SOCIAL STRUCTURES IN
SHAPING SCIENCE LITERACY

Observed differences in science literacy (or at least in survey-based mea-
sures of science knowledge) lead quickly to more important questions: How
do these differences arise, and what are their implications for society? Much
focus has been placed on education and the school system. Differential access
to high-quality science education is thought to have substantial impact on the
ability of individuals to develop science literacy (Barton, 2003; Ladson-Billings,
2006). If educational opportunities are at least in part responsible for providing
individuals with some of the features of science literacy identified in Chapter 2
(content knowledge, foundational literacy, understanding of scientific practices,
for example), then if some individuals do not have access to high-quality educa-
tion, they may be less likely to be able to develop the tools necessary for science
literacy (see Box 3-3). Educational inequities also contribute to disparate levels
of educational attainment and the under-representation of various groups in
the science, technology, engineering, and mathematics (STEM) workforce, both
of which may further reinforce the lack of knowledge or access to knowledge
in a community (Anderson, 2015; Plutzer, 2013). But other systems of social
and political life beyond schooling—including but not limited to the health
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BOX 3-3
Differential Access in the U.S. Education System

In the United States, race and class remain two of the most pernicious indi-
cators of access to educational opportunity. For example, the data on teacher
preparation, considered an important indicator of instructional quality, show bleak
disparities: students in high schools with higher concentrations of people of color
or poor students are more likely to be taught science by a teacher without a major
or minor in the subject (U.S. Department of Education, National Center for Educa-
tion Statistics, 2004).

The data on course offering and course taking follow a similar pattern. Seventy-
one percent of white high school students have access to the full range of math
and science courses (algebra |, geometry, algebra Il, calculus, biology, chemistry,
physics) at their high schools, while only 57 percent of black high school students
have comparable access (U.S. Department of Education, 2014a). Furthermore,
78 percent of the schools serving the lowest concentration of black and Latino
students offer chemistry while only 66 percent of schools serving the highest con-
centration of black and Latino students provide the same opportunity. In 2009, only
65 percent of black high school students in the United States had taken chemistry,
compared with 72 percent of white students and 85 percent of Asian students.
Similarly, only 23 percent of students from the poorest high schools in the United
States graduated having taken the “big three” high school science courses: biol-
ogy, chemistry, and physics. From the wealthiest schools, 40 percent of students
graduated having taken the big three (Center on Education Policy, 2007).

Given these inequities in access, it is not surprising that assessments of sci-
ence knowledge show disparities in achievement. In 2011, 43 percent of white 8th-
grade students were considered at or above proficient in science, compared with
only 10 percent of black students and 16 percent of Latino students. Similarly, 45
percent of students whose families are not eligible for free or reduced lunch were
considered at or above proficient, compared with only 16 percent of students who
are eligible (National Center for Education Statistics, 2012b).

care system, the justice system, federal and state governments, and even infor-
mal learning networks—also shape how people interact with each other, with
institutions, and with science information. All of these systems may operate
differently across society as a result of class-based, regional, and/or cultural
differences.

In all societies, life circumstances including (but not limited to) group
membership and geographic location affect what people are likely to know.
Southwell (2013) points to the isolating effects of segregated social networks
that link some people, but not others, to resources, information, and exper-
tise. Other researchers have pointed to research on the differential access and
use of informal science education resources, nearly all of which indicates that
underserved minorities, low-SES, and other marginalized groups are less likely
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to use these resources for a range of reasons including cost, distance, and the
widespread (often accurate) sense that resources such as science museums were
not designed with them in mind (e.g. Dawson, 2014). Also, despite a remark-
able leveling in access to the Internet and Internet-enabled technologies in the
past 2 decades in the United States, research continues to point to troubling
differences in the way that people are supported in their use of Internet tech-
nologies, particularly in educational settings (Warschauer, 2006; Margolis et al.,
2010; Barron et al., 2014). All of these differences feed into a Matthew effect
“to those who have shall more be given” for science literacy (Merton, 1968;
Stanovich, 1986).

Just as life circumstances shape what people are likely to know, life circum-
stances also shape what is important to know and the consequences befall those
who are uninformed or unable (by virtue of personal characteristics or lack of
access to resources) to interpret and act on available knowledge. For example,
scholars working in the field of environmental justice have clearly demonstrated
that environmental harms and goods are unevenly distributed in society (Brulle
and Pellow, 2006). In the United States, poor citizens and people of color are
far more likely to be exposed to hazardous levels of environmental toxins in
their home and work environments, as well as in the air they breathe and the
water they drink. In short, structural inequality produces situations in which
some people have a more urgent and immediate need to engage with science
around pressing health and environmental concerns—and those same people
often have less access to informational and interpretive resources, as well as
fewer avenues for political participation. This state of affairs leads the com-
mittee to think that the research question that could be asked is not what can
these individuals do to better themselves, but what can society and scientific
institutions do to help.

Much of the rhetoric around science literacy describes the obligations of
citizens to participate in democratic governance. Although formal decision-
making contexts like voting are the most obvious means of political partici-
pation, they are far from the only venues in which science may be relevant.
Citizens (and noncitizen residents) may have access to political deliberation
through open meetings; they may be able to offer input on new policies through
comments on news sites, letters to their elected officials, community forums,
citizen panels, and other public engagement mechanisms (Goidel and Nisbet,
2006; see Scheufele, 2011 for an overview and shortcomings of these mecha-
nisms); and they may be able to exert influence through protest, petitions,
referenda, and demonstrations (Jasanoff, 2003; Kleinman, 2000). Each form
and instance of political participation may make different demands on science
literacy, and many also provide formal or informal opportunities to learn more
about science. When the public is expected or required to participate more, the
demand for science literacy may be correspondingly greater, and opportunities
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for learning about socially relevant science may also be more common. In con-
trast, when there are relatively few avenues for political participation, or where
access to the political process is restricted, the demand for science literacy (and
the opportunity to develop and use it) may be correspondingly lower.

The pattern that is discernible in the formal and informal structures that
shape political participation is also relevant to other social structures and
sectors of society. In the justice system, for example, rising use as well as criti-
cism of forensic science evidence (see, e.g., National Research Council, 2009)
are increasing awareness of the need for science literacy among participants
in court proceedings. Although this situation is hardly new, it is becoming
increasingly difficult to ignore (Jasanoff, 2009). Rising awareness of the need
for science literacy among citizens and professional jurists engaged in litigation
serves as a call to the justice system to examine structures that promote and
support science literacy in legal contexts and serve to provide relevant scientific
information and training to judges, attorneys, and juries as necessary.

CONCLUSIONS

Currently, what is measured as science literacy at the society level comes
from large public opinion surveys among adults and survey tests of adolescents
in many countries. These measures are useful for examining trends over time
and for identifying areas for improvement in a society. Additional data comes
from tests of adolescents through PISA, which indicates that U.S. performance
on recent tests of science knowledge is about average in comparison to a range
of countries (Table 3-3). Again, the committee declines to draw conclusions
about adolescents, as a thorough investigation and interpretation of the PISA
data is beyond the scope of this report.

Indicators of adults’ knowledge of science are limited to a narrow range of
measures on public surveys that can be compared across countries. It is difficult
to draw strong conclusions on cross-national performance from these measures.
However, survey responses over time have shown much stability. In the United
States, the average score on knowledge questions for each survey year since
2001 is consistently near 65 percent of the questions answered correctly. In
addition to observed stability in responses, there is evidence that no country
consistently outperforms other countries on all questions (Table 3-2). In view
of these findings on adults’ performance and the limitations of public opinion
data, the committee concludes that the performance of the adult population
in the United States on general science knowledge is similar to that of other
countries for which there are data.

CONCLUSION 5 The population of adults in the United States performs
comparably to adults in other economically developed countries on most
current measures of science knowledge.
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The committee recognizes that the narrow range of existing measures is
unlikely to adequately capture the full range of science literacy discussed in
this report. Although countries can be compared and ranked on the basis of
their survey scores, there is little understanding of what those rankings mean:
What do the differences in survey measures of science knowledge actually imply
about the health and wellbeing of those societies, their communities, or their
citizens? The current evidence available simply does not allow one to make
strong inferences about the relationship between average scores on common
measures of science literacy and the putative consequences of enhanced science
literacy, such as improved public health or more enlightened civic and political
engagement.

The large public opinion surveys in different countries also include mea-
sures of attitudes toward science. On these measures, there are many similarities
among countries, and response trends have been stable across multiple survey
years, particularly in the United States for which there are more data. Attitudes
have been (and remain) quite positive, notably in regard to the perceived ben-
efits created by science for societies and support for scientific research.

CONCLUSION 6 Current evidence, though limited, shows that popula-
tions around the world have positive attitudes toward science and support
public funding for scientific research. These attitudes have been generally
stable over time. In addition, the same evidence reveals an overall high level
of trust in scientists and in scientific institutions.

In the cross-national comparisons, there is some evidence that countries
with similar measures of economic development and educational attainment
tend to have similar average scores on measures of science knowledge. Although
this is useful and intuitive information, a focus on average levels can obscure the
wide variation that can exist in a society. In reviewing the literature and data
from surveys on science literacy as well as those on foundational literacy and
health literacy, the committee found significant disparities in knowledge and
access to knowledge. Much more is known about disparities in foundational
literacy and health literacy as well as about disparities in science education in
school systems in the United States. In contrast, research on stratification, varia-
tion, and disparities in science literacy is rare. The committee encourages new
research in this area to examine the extent of disparities in science literacy and
the social structures that contribute to inequities.

CONCLUSION 7 Within societies, evidence shows that severe disparities
in both foundational literacy and health literacy exist and are associated
with structural features such as distribution of income and access to high-
quality schooling. Though direct evidence for such structural disparities
in science literacy is scarce, we conclude they too exist, in part because
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the possession of foundational literacy is so integral to the development
of science literacy.

The committee proposes that any social structures that limit an individual’s
access to high quality educational opportunities would have a direct bear-
ing on that individual’s ability to develop or apply science literacy. Access to
education is but one example. Studies of social structures reveal that groups
disadvantaged in one social system tend to be disadvantaged in others as well,
and the effects of disadvantage accumulate over generations, leading to harsh,
self-reinforcing disparities (e.g., Ladson-Billings, 2006; Delgado and Stefancic,
2012).

Analysis of aggregated science knowledge measures could be used to ana-
lyze the variations in social structures as explanatory variables of the differ-
ences in national means and could be used to analyze subgroup differences in
societies. However, a thorough account of disparities in science literacy cannot
rely solely on aggregated measures of science knowledge. It would also include
an examination of the conditions that structure science literacy differently for
different groups of people, shaping how their understandings of science are
developed and deployed, and the institutional response needed to address
current failings. As discussed in the following chapters, different individuals
and communities in a society rely on science literacy to different degrees at dif-
ferent times to accomplish their personal and civic goals. In this sense, social
conditions define meaningful science literacy, and shape (if not determine) the
distribution of science literacy for the communities and individuals therein. The
research community has not yet studied in sufficient detail both the value of
science literacy in societal systems (such as the health care system, the justice
system, and the various systems of political participation) and the opportunities
to develop science literacy that these systems provide.
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Science Literacy for Communities

t is impossible to understand how science literacy affects a society without

examining the emergence and importance of science literacy in the com-

munities that comprise it. In Chapters 1 and 2 we outlined an overarching
perspective in which science literacy emerges, and can usefully be studied, at
multiple levels of social organization. In this chapter we expand on the idea
that science literacy can be developed, possessed, and used by communities.
The committee reviews the research on such communities with three guiding
questions in mind: What are the characteristics of such communities? Do they
display community-level science literacy? Is there evidence that they contribute
to scientific knowledge and, if so, under what conditions?

We examine community-level science literacy through examples of com-
munities that accomplish various goals, by virtue of their collective literacy, that
cannot be easily attributed to the actions of any particular individual.! Science
literacy in a community does not require each individual to attain a particular
threshold of knowledge, skills, and abilities; rather, it is a matter of a commu-
nity having sufficient shared resources that are distributed and organized in
such a way that the varying abilities of community members work in concert to
contribute to the community’s overall well-being (e.g., Dewey, 1927; Roth and
Lee, 2002; Ownby et al., 2014).

We define community broadly. Some communities are bound together by

Health literacy researchers have also argued that successful community health outcomes rely on
the collective effects of individuals’ knowledge to foster improvement in health status for popula-
tions. Nussbaum (2000) argues that a key health goal for a community is to have people who have
the capacity to firmly advocate for and to act in the best interest for the public good.
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place or identity. Some could be described as “communities of practice,” that
is, groups of people whose mutual involvement have given rise, over time, to
shared routines, activities, and goals, the value of which is understood in similar
ways by all members (Lave and Wenger, 1991; Wenger, 2000). For the pur-
poses of our analysis, communities are groups of people who are functionally
interconnected in a way that enables exchange of information and are typically
defined by shared goals and interests. However, we stress that many such com-
munities are more loosely organized, more heterogeneous, and more transient
than the archetypal community of practice.

It is important to note that communities need not be tied to particular
geographic places. The examples of cities or localities as communities pre-
sented in this chapter reflect just one construction of a community; evolving
communication technologies allow people from all over the world to exchange
information and to connect with others on issues of interest and relevance to
them (Brossard and Scheufele, 2013). The pervasiveness of Wikipedia and
social media platforms, for example, encourages the formation of communities
that span geographic boundaries.

The committee has also chosen, in this chapter, to treat science literacy and
health literacy together. In particular cases, a community’s experience of health
and illness often drives engagement with health systems, which leads to ques-
tions about the underlying science: if and when those questions are answered,
the answers are often applied to the same set of health systems. It is conceiv-
able that a community’s capacity to interact with health systems is concentrated
in certain individuals or subgroups in the community, while its capacity to
understand and contribute to science is concentrated in other individuals or
subgroups, but, to date, no data specifically address this claim.

ORGANIZING AROUND SCIENCE AND HEALTH ISSUES

In his groundbreaking work on AIDS treatment activism, Steven Epstein
(1995) offered an account of how a group, most of whose members (initially)
possessed little formal knowledge of science, went about developing expertise
in an emerging and contested research field. Alarmed at the rapid progress of
the disease and high mortality rates, AIDS activists developed scientific knowl-
edge (including an understanding of scientific practices) to demand modifica-
tions to drug-testing procedures and to the Food and Drug Administration’s
drug approval policies; working together, they successfully advocated for alter-
natives to the placebo-control protocol for clinical trials (previously a corner-
stone of biomedical procedures) in order to expedite the delivery of drugs to
consumers in what can be characterized as health emergencies.

The activist, science-savvy, and ultimately influential community that orga-
nized itself around AIDS treatment and research had many advantages that
no doubt contributed to its success. Epstein (1995, p. 415) notes that “the gay
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community had pre-existing organizations that could mobilize to meet a new
threat, and it mattered that these communities contained (and in fact were
dominated by) white, middle-class men with a degree of political clout and
fund-raising capacity unusual for an oppressed group.” The community was
able to acquire credibility in certain domains of scientific practice because bio-
medicine (in comparison with other areas of science and technology) was rela-
tively open to outside scrutiny, and participation in clinical trials gave members
of the community a unique and valued perspective on the treatment process.
That is, the community was socially positioned to challenge the status quo and
had unique access to the particular realm they hoped to affect.

The AIDS activism documented by Epstein is just one notable example of
a social movement for which some science literacy was crucial. Social move-
ment research is a well-established field that has recently turned its attention
to the intersection of science, technology, and health with social and political
advocacy. This field is now home to an increasing number of research programs
that are studying science literacy at the community level.

A related phenomenon is popular epidemiology, first defined in the early
1990s by sociologists studying communities with unusually high incidence of
cancer linked to industrial pollution (Brown, 1992; Allen, 2003). Phil Brown,
the researcher who coined the term, describes popular epidemiology as com-
munity-based activists working together to “detect and act on environmental
hazards and diseases,” a process that requires them to “gather scientific data
and marshal the knowledge and resources of experts” (Brown, 1993, p. 18).

In Brown’s first well-known account of popular epidemiology, a group of
families in Woburn, Massachusetts, “confirmed the existence of a leukemia
cluster and linked it to industrial chemicals that were infiltrating their public
water supply” (Brown, 1993, p. 17). Using ethnographic data, Brown describes
how the Woburn families identified a problem in their community (high rates
of cancer) and used their collective resources to develop scientific knowledge
(including an understanding of scientific practices and judging appropriate
scientific expertise) to address that problem.

Not all studies of community-based science literacy focus on health top-
ics. In participatory environmental monitoring (also called “community-based
monitoring”) community groups collect data to monitor environmental systems.
Kinchy and colleagues (2014, p. 260) note that “from the venerable Audubon
Christmas Bird Count to the recent phenomenon of ‘hacker’ or DIY water
testing kits, diverse publics are engaging in work to monitor and measure
changes to the environments in which they live.” Hundreds of thousands of
such community groups have formed around the world (Pretty, 2003; Conrad
and Hilchey, 2011). In New York and Pennsylvania alone, dozens of community
groups are engaged in monitoring the effects of “fracking” on local watersheds
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(Kinchy et al., 2014).? In many parts of the world, community coalitions have
used relatively simple, homemade air quality monitoring devices to produce
surprisingly reliable measurements and hold industrial and agricultural pol-
luters to account (Conrad and Hilchey, 2011; O’Rourke and Macey, 2003).
Although such work is not new, it is becoming increasingly common and has
increasingly been the subject of study over the past two decades (Conrad and
Hilchey, 2011).

These bodies of research reveal that intensive community-level engagement
with science is surprisingly common; taken together, they provide an empirical
foundation for conceptualizing science literacy at the community level.

SCIENCE-LITERATE COMMUNITIES

Although the above examples are compelling in their own right, the ques-
tion that concerns us here is to what extent the communities formed to pursue
social activism, popular epidemiology, or participatory environmental monitor-
ing can be characterized as science literate. The evidence is compelling that the
success of these communities in promoting policy changes and other outcomes
depends, at least in part, on their ability to develop knowledge of science- and
health-related issues, as well as knowledge of general scientific practices, and
on their capacity for sophisticated interaction (both internally and externally)
with scientists and health professionals, scientific institutions, and health sys-
tems. For example, Kaplan (2000, p. 75) reports that activists in communities
around the Hanford nuclear facility in Washington “became well educated on
science and technical issues of radiation health effects, Hanford operations,
and nuclear waste storage.” Epstein (1995, pp. 417-418) offered a compelling
account of how AIDS activists developed knowledge in support of their goals:

Activists often begin with the examination of a specific research protocol
in which patients have been asked to participate and, from there, go on to
educate themselves about the mechanism of drug action, the relevant “basic
science” knowledge base (such as considerations of the viral replication cycle
of HIV or the immunopathogenesis of AIDS), and the inner workings of “the
system” of drug testing and regulation including the roles of the pharmaceuti-
cal companies and the relevant government advisory committees.

Some community groups replicate particular techniques and practices that
professional scientists use in their work. Kinchy and colleagues (2014, p. 278)
note that “civil society organizations in the field are typically aware of the sci-
entific standards that academic and regulatory scientists use in their analysis
of water quality, and many seek to align their own monitoring practices with
those of recognized experts in the field” (see also Roth and Lee 2002; Roth and

2Hydraulic fracturing, or “fracking,” is the process of drilling and injecting fluid into the ground
at a high pressure in order to fracture shale rocks to release natural gas inside.
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Calabrese Barton, 2004; Roth and Lee, 2004). In general, accounts of the learn-
ing that takes place in these community contexts are quite common, though
they typically lack sufficient detail to reveal individual and collective learning
processes (see, e.g., Evans et al., 2005).

Knowledge of science is often perceived by community groups as an impor-
tant tool in pursuit of their goals. Brown (1993, p. 20) reports that “. . .\Woburn
activists found pride in learning science, a way to protect and serve their com-
munity, a means of guaranteeing democratic processes, and fueling of personal
empowerment.” Kaplan (2000, p. 81) describes how activists around Hanford
“demonstrated the ability to take an active role in deciding what science and
technology policies pose a danger to public health and the environment and
the ability to work together to change those policies.”

Yet in the context of community groups, it is important to recognize that
scientific knowledge is not held apart from other sorts of knowledge as some-
thing special and different. Instead, it is treated as part of the story, essential
information that must still be “reconstructed” and understood in proper con-
text before it becomes useful (Layton et al., 1993; Irwin and Wynne, 1996).
Often, scientific knowledge is juxtaposed with local experience and knowledge
from other expert domains, such as law or economics, to produce “interestingly
hybrid . . . ways of knowing and varieties of expertise” (Epstein, 2008, p. 518;
see also Hess et al., 2008).

One set of circumstances that deserves special consideration is the juxta-
position of scientific and community knowledge that arises when indigenous
communities interact with science. In the past 2 decades an expanding body
of research in both the social sciences (e.g., Ross et al., 2007) and the natural
sciences (e.g., Huntington, 2000) has explored how indigenous and scien-
tific knowledge’ can be integrated, often with positive consequences for both
community-based concerns and scientific understanding (Drew, 2005). Suc-
cessful collaboration appears to depend (among other things) on both the
acceptance of scientific and indigenous expertise as dynamic ways of knowing
rather than static bodies of information (Berkes, 2009) and the presence of
people capable of acting as intercultural “knowledge bridgers” (Bohensky and
Maru, 2011).

In each community the distribution of labor takes various forms. Some,
though not all, of the existing research literature points to the importance
of strong individual leaders who aid in the coordination of knowledge and
resources scattered throughout the community. Existing networks and organi-

*Some scholars argue that the divide between indigenous knowledge and science is artificial and
that indigenous knowledge systems should be considered scientific in their own right (Agrawal,
1995; Bang and Medin, 2010). Others argue that using “science” as an umbrella term that includes
indigenous knowledge systems obscures how the fields that are typically referred to as science
evolved in and reflect the norms and biases of specific places and cultures (Turnbull, 1997, 2003).
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zations can also provide a useful structure. Churches and clergy have played a
significant role in communities facing environmental struggles (see, e.g., Brown,
1993). The AIDS treatment activism movement, described above, brought
together a broad and diverse group of community members, including grass-
roots activists and advocacy organizations to health educators, journalists,
writers, service providers, and people with AIDS or HIV infection (Epstein,
1995, p. 413). The connections among diverse stakeholders, whether they had
already existed or were formed in response to a particular issue, enable people
in a community to benefit from each other’s varying knowledge and influence
and are therefore critical in positioning individuals and organizations to act
collectively (Lee and Roth, 2003). More research is needed to understand the
relationship between network structure and community-level science literacy.

It is important to note, however, that once mobilized, communities are not
necessarily united in their goals. There are often multiple organizations and
actors addressing a particular issue, as well as divisions about goals (Roberts
and Toffolon-Weiss, 2001). Grand Bois, Louisiana, offers a rare example of
total community cohesion in which all 301 residents of the community joined
a class-action lawsuit against Exxon for dumping oilfield waste in open pits.
Residents discovered the problem, conducted intensive popular investigation,
and formed strategic alliances with university scientists and state legislators
(Roberts and Toffolon-Weiss, 2001).

Although laypeople working in social movements and advocacy groups
can develop and possess impressive scientific competence in relation to their
particular concerns, many such communities include scientists or work directly
with scientists and scientific groups to achieve their goals. The participation
of scientists and other technical experts can be important to achieving a com-
munity’s goals and establishing credibility (Shirk et al., 2012). For example,
Phadke (2005) describes how engineers were crucial resources in an Indian
community’s efforts to redesign a dam and avoid forced relocation. In the
AIDS treatment activism movement in the United States, some key players were
themselves doctors, scientists, and nurses and were therefore able to facilitate
communication between experts and laypeople (Epstein, 1995).

Scholars have classified various sorts of scientist-community partnerships
according to who instigated the partnership, who holds power over action strat-
egies and goals, and how deeply nonscientists are involved in scientific work
(Moore, 2006; Bucchi and Neresini, 2008). In at least some cases, community
groups are responsible for identifying and recruiting relevant experts. In popu-
lar epidemiology, for example, Brown (1993, p. 21) notes that community activ-
ists typically “find their own experts.” Finding an appropriate expert is only
the start, however, and forging useful collaboration is not always easy: Hess and
colleagues (2008, p. 487), reviewing the literature on science and social move-
ments, observe that “social movements, scientists, and entrepreneurs are uneasy
allies and partners, and alliances sometimes shift into conflict and hostility.”
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Scientists who wish to become involved in such politically charged fields
as environmental justice sometimes do so with caution and even secrecy—per-
forming crucial technical work, such as analyzing samples, as well as important
epistemological work, such as identifying key sources—while avoiding any
public acknowledgement (Frickel et al., 2015). Overall, managing mutually
satisfactory connections with scientists and scientific organizations may be an
indicator of a community’s scientific sophistication.

Taken together, evidence from case studies suggests that the success of
these communities depends, at least in part, on the development of scientific
knowledge throughout the community and the community’s organization and
composition, including the strength and diversity of connections with scientists
and health professionals, scientific institutions, and health systems. The existing
research shows that these community groups take many different forms and
are widely variable in their duration and impact, but at least some have had an
impressive and well-documented impact (see, e.g., Hess et al., 2008; Conrad
and Hilchey, 2011).

PRODUCING SCIENCE KNOWLEDGE

While pursuing their own ends, communities may meaningfully contribute
to new science knowledge. Although science literacy does not require making
an original contribution to scientific knowledge, the committee asserts that
the creation of new scientific knowledge is a compelling demonstration of
science literacy. Research from the fields of health and environmental social
movements, participatory environmental monitoring, and popular epidemiol-
ogy converges on the finding that communities can and do contribute to new
scientific knowledge in diverse and substantive ways (see, e.g., Kinchy et al.,
2014; Bonney et al., 2009; Cohn, 2008).

Although health advocacy communities and movements may primarily
be concerned with promoting health rather than contributing to the creation
of new knowledge, they can nonetheless make epistemic contributions: Hess
and colleagues (2008, p. 481) observe that health social movements “push the
boundaries of science in new directions and challenge identities and inter-
ests on both sides of the lay-expert divide.” Conversely, for many community
environmental groups, creating new knowledge is an acknowledged part of
their mission: Kinchy and colleagues (2014, pp. 275-276) report that the large
majority of community organizations in a study of participatory environmental
monitoring reported that “one of their objectives is to contribute to scientific
knowledge” (see also Bonney et al., 2014). Contributions from these groups,
and others like them, are valuable to both scientists and the communities them-
selves, and they constitute an important consequence of science literacy at the
community level.

In education and natural science research, the best-known examples of
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community groups participating in scientific research (and thus contributing
to the creation of scientific knowledge) are those in which people serve as vol-
unteer data collectors in large-scale scientific projects. Although these projects
are of well-established value for scientists (see Bonney et al., 2009; Cohn, 2008),
they do not always require much in the way of scientific knowledge from their
participants, who in many cases are involved in focused data collection tasks
that by themselves generate little learning about science (e.g., Brossard et al.,
2005). Lakshminarayanan (2007) makes a valuable distinction between projects
that position community members as scientists (or, more generally, contribu-
tors to knowledge) and projects that use people for science—positioning them
as tools or instruments capable of collecting data but little more. Most of the
examples discussed in this chapter fall into the former category, in that non-
scientists in communities are involved in posing as well as answering questions
and interpreting as well as collecting data. Brown (1993, p. 39) notes that com-
munity groups involved in lay epidemiology “may initiate action and even direct
the formulation of hypotheses.” Epstein (1996) describes in detail how AIDS
treatment activists transformed the clinical trial process to be more responsive
to the needs and interests of patients and research participants. More broadly,
Frickel and colleagues (2010, p. 462) demonstrate that social movement orga-
nizations can shape research agendas in positive and negative ways—affecting
both what science is done and what science “ought to remain undone.” Though
the production of new knowledge was not the goal for most of these communi-
ties, in pursuing their goals they also produced new scientific knowledge.

In the health literacy research community, this type of work is often con-
ducted and discussed as community-based participatory research (Israel et al.,
2005; Minkler et al., 2008). This approach focuses on building relationships—
with principles of co-learning, mutual benefit, and long-term commitment—
between scientists and community partners and incorporates community theo-
ries, participation, and practices in research efforts (Wallerstein and Duran,
2006). Israel and colleagues (2005) examined community-based participatory
research in New York, California, Oklahoma, and North Carolina, document-
ing partnerships that researched environmental health problems and worked
to educate legislators and promote relevant public policy. At each of the sites
they studied, the pooling of diverse skills, mutual respect for the expertise of
other partners, and a co-learning environment in which additional skill build-
ing took place contributed to community capacity building and partnership
development (Israel et al., 2005, p. 1470). In Detroit, Michigan, the East Side
Village Health Worker Partnership was created to examine and address social
determinants of health. Through a series of group discussions and in-depth
interviews, people in the community were instrumental in identifying key vari-
ables to examine, selecting and modifying measures to be included in a survey
questionnaire, interpreting results, and applying findings to guide interven-
tions. In this case, community participation in data analysis and interpretation
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strengthened community capacity and provided unique insights, contributing
to the creation of scientific knowledge (Cashman et al., 2008).

The value of community participation in scientific research is widely rec-
ognized and supported by evidence. Community involvement can bring new
questions to light, provide data that would otherwise be unavailable, encourage
the integration of qualitative and observational data with experimental data,
increase the robustness and public relevance of data collection strategies, garner
political and community support for conclusions, produce new instruments and
technologies, and build community awareness and knowledge (Allen, 2003;
Clapp, 2002; Israel et al., 2005; Epstein, 1996; Hess et al., 2008; Conrad and
Hilchey, 2011). Interestingly, the hybrid nature of community-scientist collabo-
rations may be an important part of their strength (see, e.g., Backstrand, 2003;
Funtowicz and Ravetz, 1995; Bucchi and Neresini, 2008; Corburn, 2007). Hess
and colleagues (2008, p. 484) write:

As activists and environmental professionals work together, many have become
convinced of the need for heterogeneity in environmental problem-solving
models. By recognizing the different bases of lay and scientific knowledges,
activists and scientists may develop deliberative processes that allow for syn-
ergy between lay and expert knowledges.

Of course, not all communities organized around issues of health and
science fully incorporate science knowledge into their work or generate new
knowledge. For example, vaccine hesitant individuals can form communities,
either within geographic regions or on social media (Cooper-Robbins et al.,
2010; Dunn et al., 2015). These groups produce content that is distributed
through a wide range of platforms, including social media applications such
as YouTube and Twitter (Dunn et al., 2015). Though these communities are,
from their own perspective, working to achieve a particular goal on a science-
related issue, they interpret particular scientific arguments and findings in
ways that diverge from the scientific consensus, and they do not build or apply
science knowledge in the ways that many in the scientific community (and the
public health community) would prefer. In this case, as in all communities, a
community’s behaviors and attitudes toward science are affected by that com-
munity’s political and religious ideologies, which in particular circumstances
may override scientific knowledge as an influence on dispositions and actions
(Fiske and Taylor, 1991).

CONSTRAINTS ON COMMUNITIES

Although many communities suffer environmental or health crises, research
does not yet show the extent to which communities are able to mobilize to
respond to these problems at a local level or what features of particular com-
munities enable them to develop and use science literacy in powerful ways.
Science literacy at the community level, like science literacy at the individual
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or society level, is to some extent a product of the larger social structures in
which a community operates. As noted above, the success of AIDS treatment
activism was possible in part because biomedicine as a field was relatively open
to outside scrutiny and because the activists were themselves participants in the
contested studies. Furthermore, and crucially, their ability to accomplish what
they did was shaped by the structural privilege (such as the race, gender, and/or
class status) belonging to some activists. That is, this particular community was
socially positioned to challenge the status quo and had a relatively high degree
of access to the particular social system they hoped to change.

Other communities may be hampered by their inability to establish legiti-
macy and credibility (Ottinger, 2010, 2013; Ottinger and Cohen, 2011). Ottinger
(2010) shows how regulatory standards and standardized practices cemented
resistance to citizens’ broader participation in air quality monitoring in Norco,
Louisiana. Activists promoted an alternative to standardized air monitoring
practices, using methods that measured short-term spikes in air pollution levels
rather than the standard strategies that measure the average concentrations of
toxic chemicals over long periods. Regulatory standards for air quality, com-
bined with standardized practices for monitoring, meant that activists’ methods
and data were incompatible with the standard scientific practice. In this case,
existing standards provided grounds for excluding nonscientists from decision
making—not because they were not experts, but because they did not have
“credible” scientific information to offer (Ottinger, 2010).

Access to knowledge or particular resources is also critical. Greenberg
and Wartenberg (1991) report that many state and local health departments,
responding to citizens’ reports of high rates of cancer in their communities,
have sent out form letters declining to investigate claims of potential cancer
clusters. Lack of open access to data, from various sources, including govern-
ment agencies, may hamper a community’s ability to build or apply its science
literacy.*

Under-resourced communities are particularly susceptible to the types
of crises in which community activism informed by science literacy would be
crucial, yet they often have the least access to resources that support science
literacy. For people who rely on municipal water supply in Flint, Michigan
(Washington and Pellow, 2016), or who live and work in the part of Louisiana
known as cancer alley (Allen, 2003), or in the agricultural towns of the central
valley in California (Harrison, 2011), there is an urgent need to understand the
perils of environmental health threats (see also Fessenden-Raden et al., 1987).
In these contexts, developing and using science literacy may play an important
role in protecting one’s family and community and in advocating for social
and environmental change. Yet these and other communities most affected

“In some cases, individuals and communities have difficulty accessing their own data from
community-based participatory research groups. This can create a significant barrier to community
activism around knowledge generated by those groups.
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by environmental harms are often the same communities that are structurally
disadvantaged in both the development and use of science literacy, in the ways
described in Chapter 3. They are also subject to economic, social, and political
pressures that constrain their ability to act on what they know.

Given that the ability of certain communities to build and apply their sci-
ence literacy is constrained by social structures, developing science literacy in
communities may also require supporting and empowering communities to act
on knowledge. For example, research from the health literacy field suggests that
building health literacy requires a broad range of educational and communica-
tion methods (such as personal forms of communication and community-based
educational outreach), as well as service management and organizational sup-
ports (such as minimizing and simplifying form filling) (Nutbeam, 2008).

The shifting contexts and social structures in which communities operate
play an important role in determining why one community may build and apply
science literacy while others do not. Additional research is needed to under-
stand the various features (e.g., community organization) and contexts (e.g.,
a community’s political power in a particular setting) that enable or prevent
community involvement and action related to science literacy. More specifically,
carefully constructed quasi-experimental designs comparing communities that
have experienced similar’ issues might help identify the community features
that lead to the development of science literacy at the community level (see,
e.g., Campbell and Stanley, 1963; Trochim, 2000). For example, studies could
consider: How is knowledge sought and shared with a community? How easy
is it to access the scientific resources of a community? What aspects of a com-
munity’s culture are most important in shaping its engagement with science?
(Kickbush, 2001).¢

CONCLUSIONS

Existing research provides compelling support for the idea that commu-
nities can possess and use science literacy to achieve their goals and may also
contribute to new science knowledge in doing so. The ability of communities
to apply their science literacy is enabled or constrained by social structural
contexts. Scholars in the health literacy field recognize that improving health
literacy in a community involves more than the exchange of information; the
research indicates that developing science literacy in communities may also
require supporting (through institutional systems) and empowering collective

Care would need to be taken in the selection of studies for comparison, as issues that appear
superficially similar to outside observers may not be analogous. The historical context of particular
incidents shapes the events that follow (see, e.g., Wynne, 1992).

¢Kickbusch (2001) recommended that a health literacy index be developed to reflect the com-
posite health competence and capabilities of a community as it relates to a set of health, social,
and economic outcomes.
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groups of individuals—communities—to act on their knowledge (Nutbeam,
2008).

CONCLUSION 8 There is evidence from numerous case studies that
communities can develop and use science literacy to achieve their goals.
Science literacy can be expressed in a collective manner when the knowl-
edge and skills possessed by particular individuals are leveraged alongside
the knowledge and skills of others in a given community.

CONCLUSION 9 Based on evidence from a limited but expanding num-
ber of cases, communities can meaningfully contribute to science knowl-
edge through engagement in community action, often in collaboration with
scientists.

Most of the case studies the committee examined to explore community-
level science literacy did not focus explicitly on science literacy or health
literacy. Rather, we extrapolated the role of science literacy in accomplishing a
community’s goals. Future research should explicitly consider the development
and uses of science literacy in community contexts and its value in achieving
community goals.” Furthermore, in most cases there has been little effort to
assess, prior to the start of community action or controversy, what level of
science literacy was present in the community at the level of individuals in
the community or how it is distributed.? It is difficult to imagine doing so in
most cases, since community action and controversy are typically what draws
the attention of researchers. As a result, it may be difficult to test a cause-and-
effect relationship between “enhanced” science or health literacy and particular
community-level outcomes, so that one has to infer what a community had to
know in order to accomplish a particular goal.

Though the committee supports a view of science literacy that considers
how communities may possess science literacy, we also believe that assessing
the nature and outcomes of science literacy at the community level should be
approached with caution. When a community achieves something impressive,
such as preventing the construction of a hazardous waste storage facility in
its area, there is no guarantee that it has done so primarily through the appli-
cation of some form of science literacy. Therefore, the research on popular
epidemiology, environmental and health social movements, and community
environmental monitoring is especially valuable: in each case, researchers have
examined how and when communities possess knowledge about science and
exert influence on the creation of new knowledge.

"For the committee’s specific research recommendations, see Chapter 6.
8Fessenden-Raden and colleagues (1987) consider inter- and intracommunity differences in cases
of risk perception communications.
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nizations in which individuals function. System-level factors, such as

the differential distribution of knowledge and resources, affect the cir-
cumstances that individuals or communities confront, which demand or pro-
mote the application of science literacy. These social structures (described
in Chapter 3) include a society’s or a community’s education system, health
care system, justice system, and governance structure. Results from aggregated
individual-based science-knowledge assessments in the United States show dif-
ferences by race, ethnicity, age, gender, and educational attainment, which are
in no small part based on the differing constraints and opportunities that face
these subpopulations (see Chapter 3).

This chapter focuses on the value of science literacy and health literacy for
individuals. We assess the current empirical evidence regarding the outcomes of
science literacy for individuals, including evidence on the association between
science literacy and attitudes towards, perceptions of, and support for science
and the relationship between science literacy, health literacy, and behaviors
(particularly behaviors related to health).

’ I Yhe nature of an individual’s science literacy is tied to the social orga-

THE RELATIONSHIP BETWEEN SCIENCE
LITERACY AND ATTITUDES

As discussed in Chapter 2, science literacy at the individual level has largely
been measured by assessing an individual’s knowledge level using content
knowledge assessments and measures of understanding of scientific principles.

8
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The items measured are not assumed to be exhaustive of the concept in ques-
tion; rather, they form a sample from a larger set of potential items that could
have been chosen to represent the unobserved characteristic, in this case, sci-
ence literacy. Individuals who know the answers to particular textbook-style
questions about biology, physics, and chemistry have a high probability of
knowing other facts in the same domains. In the same way that the questions
that graduate school candidates face in the GRE General Test are not the
things that the test takers directly need to know for their graduate work but are
indicative of necessary and related abilities and knowledge, content knowledge
assessments (particularly the Oxford scale science literacy items) are designed
to distinguish generally among people who have relatively more or less science
knowledge.

The extent to which these knowledge measures have validity in measuring
levels of scientific literacy is discussed in Chapter 2, and many scholars, as well
as this committee, recognize that they may capture only a narrow aspect of sci-
ence literacy. That is, they do not specifically assess the many other features of
science literacy (detailed in Chapter 2). However, these knowledge measures
are the ones most commonly used in studies exploring the potential relation-
ship between science literacy and attitudes toward, public perceptions of, and
support for science, as measured by the public’s evaluation of the social impact
of science and technology.!

This section discusses the major scholarly research that considers the
potential link between science knowledge and attitudes toward and public
perceptions of science, with special attention to the association between science
knowledge and support for scientific funding; see Box 5-1. It explores research
examining the relationship between science knowledge and a set of broad
attitudes toward science that reflect an individual’s assessment of the scientific
research enterprise generally, as well as the relationship between knowledge and
a more focused set of attitudes toward specific scientific controversies (such
as nuclear power, climate change, stem cell research, and genetically modified
foods). In addition, it discusses potential moderators and mediators to this
relationship and recent experiments aimed at testing interventions to increase
science knowledge and their impact on an individual’s attitudes toward science.

The committee recognizes that this may not be the only important empiri-
cal question. There is a large body of literature on the influences of attitude

'The wordings of many attitudinal items, which are typically worded positively, may be subject
to acquiescent response bias (Bauer et al., 2000). Given these measurement concerns, Bauer and
colleagues (2000) proposed an alternative, multi-item measure of public science attitudes that fo-
cused on understanding the nature of science (factual knowledge, methodological knowledge, and
knowledge of the scientific institution). This measure of science attitudes is primarily concerned
with understanding people’s views on the controversy over the nature of modern science. Despite
cross-validating their measure with multiple samples, the assessment is not currently widely used
in research; it presents an opportunity for future research.
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BOX 5-1
The Relationship Between Science Knowledge
and Support for Scientific Funding

Examining data from the United States, Besley (2016) found that bivariate
relationships exist between support for scientific funding and demographic char-
acteristics (gender, race, and education), use of science communication channels
(including museum visits and Internet and newspaper use), science knowledge,
and attitudes about science and scientists. Knowledge measures had a very small,
positive relationship with funding, explaining only 10 percent of the variability in
support, indicating that other variables most likely have more explanatory power.
Studies from a range of other countries have found an association between sci-
ence knowledge and support for funding (Mufioz et al., 2012; Sanz-Menéndez and
Van Ryzin, 2013; Sanz-Menéndez et al., 2014).

Scholars have also examined the relationship between scientific knowledge
and support for funding of specific science. Liang and colleagues (2015), for
example, found that factual knowledge of nanotechnology was positively and
significantly related to support for nanotechnology funding in Singapore, while
perceived familiarity with the technology had a positive and significant effect in
both the United States and Singapore. Conversely, Scheufele and Lewenstein
(2005) found that, after controlling for demographic predispositions and information
seeking in mass media, knowledge about nanotechnology was largely unrelated
to attitudes toward increased funding for nanotechnology.

Recent work includes evidence that science knowledge is a small predictor of
positive views about the role of science in policy and support for science funding
on its own. However, these studies also show that the relationship is likely moder-
ated by ideology and religiosity (Brossard et al., 2009; Ho et al., 2010; Fung et al.,
2014; Carl and Cofnas, 2016; Gauchat, 2015). Practically, this means that while
science knowledge can be a reasonable predictor of support for science funding,
the relationship varies. For example, Gauchat (2015, p. 739) found that left-right or
liberal-conservative political orientation is a factor in predicting support for science
funding among more scientifically sophisticated respondents.

formation, such as value predispositions, media use, and perceptions of risks
and benefits, among others; see Box 5-2. Though this research literature is
informative, the statement of task guided the committee’s narrow exploration
of the relationship between science knowledge and attitudes.

Science Knowledge and Attitudes Toward Science

Among the most heavily cited analyses assessing the direct link between
science knowledge and attitudes toward and public perceptions of science is
a meta-analysis that analyzed publicly available survey data from 193 surveys
conducted across 40 countries between 1989 and 2004 (Allum et al., 2008). The
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BOX 5-2
Factors Other Than Knowledge That
Influence Attitudes Toward Science

The debate surrounding the exact role that knowledge plays in attitudes toward,
public perceptions of, and support for science has been at the core of discussions
about science literacy and public understanding of science. Some scholars have
criticized approaches that seek to improve public science attitudes by increasing
an individual’s scientific knowledge. They argue that this “deficit model” (Wynne,
1992) unfairly characterizes lay people as “deficient” relative to scientific experts
(Sturgis and Allum, 2004). Others argue that models that privilege knowledge in the
opinion formation process are overly simplistic (see, e.g., Besley, 2010; Besley and
Oh, 2014; McComas et al., 2014; Brossard et al., 2005; Brossard and Nisbet, 2007;
Cacciatore et al., 2012a; Cacciatore et al., 2011; Cacciatore et al., 2012b; Lee et
al., 2005; Nisbet, 2005; Scheufele and Lewenstein, 2005; Scheufele, 2006; Fiske
and Taylor, 1991). More specifically, these scholars have highlighted that individual
factors other than knowledge can have a significant influence on attitudes toward
science. The committee has chosen to highlight a select number of these factors:
media use, value predispositions, and trust.

Media Use Scholars have focused on the role of behaviors in shaping attitudes
toward science, particularly the relationship between an individual’s media use and
attitudes. Findings show a relationship between media use and attitudes toward
science in general (e.g., Nisbet et al., 2002; Dudo et al., 2010), as well as specific
science issues (e.g., Scheufele and Lewenstein, 2005; Brossard and Nisbet, 2007;
Ho et al., 2008). For example, Ho and colleagues (2008), in an analysis of media
use and public attitudes toward embryonic stem cell research, found that attitudes
toward stem cell research were shaped by cues from the news media. These re-
sults suggest that mass media provide an important part of the social context by
which citizens perceive controversial science.

meta-analysis only examined factual knowledge items because items relating to
the scientific method and understandings of science were not found in all of the
studies considered. The measured attitude items can be classified into five areas:
general science attitudes and specific attitudes toward nuclear power, genetic
medicine, genetically modified foods, and environmental science.

Controlling for measures of age, gender, and education that were common
to all 193 datasets, the meta-analysis found that there was a small, positive over-
all relationship between science knowledge and attitudes. Equally important,
however, the study found that the size of this relationship varied substantially
by whether the measure of attitudes was focused on general science or a specific
topic and whether the knowledge measure was a general science measure or one
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Value Predispositions Value predispositions, such as political ideology, reli-
giosity, and deference to scientific authority have been shown to affect attitudes
toward science. In a study of perceptions of embryonic stem cell research, Nisbet
and Goidel (2007) found that value predispositions related to Christian conser-
vatism and social ideology influenced citizen evaluations about that research.
Brossard and Nisbet (2007) found a direct and positive relationship between def-
erence to scientific authority and support for agricultural biotechnology. Strength
of religious beliefs was found to be negatively related to support for funding of
nanotechnology (Brossard et al., 2009).

Trust A large literature also examines trust, defined as having multiple di-
mensions, including integrity, dependability, and confidence (National Research
Council, 2015). In this literature, scholars have shown that trust in scientists and
scientific institutions affects attitudes toward science (Sjoberg, 2002) as well as at-
titudes toward specific science issues. For instance, Priest and colleagues (2003)
explored public perceptions toward biotechnology and found that “trust gaps” (i.e.,
the size of the difference in trust in different stakeholders involved in the technol-
ogy) emerged as a predictor of biotechnology attitudes. Research also suggests an
inverse relationship: attitudes may influence trust. Roduta Roberts and colleagues
(2013) found that attitudes, rather than perceived knowledge, led directly to an
increase in trust in science and technology.

This does not mean that science knowledge levels do not matter, but, rather,
that they may be affecting individuals differently depending on their values and
other factors. Brossard and colleagues (2009) provided initial evidence for this
type of indirect relationship in their study of nanotechnology. Religiosity served as
an interpretive tool for individuals to make sense of nanotechnology. That is, levels
of knowledge interacted with religiosity such that the link between knowledge and
support was significantly weaker for highly religious respondents than it was for
less religious respondents.

focused on a specific type of knowledge. Specifically, the correlation between
general scientific knowledge and a range of specific science attitudes was gener-
ally weaker than the correlation between general scientific knowledge and gen-
eral scientific attitudes. For example, the data suggested almost no relationship
between general science knowledge and attitudes about genetically modified
food, a potentially negative relationship between biology-specific knowledge
and attitudes about genetically modified food, and a small, but negative rela-
tionship between that same general science knowledge measure and attitudes
toward environmental science (see also Gaskell et al., 2004; Priest et al., 2003).
The results further suggested that the basic relationship between general sci-
ence knowledge and general attitudes was slightly larger than initially estimated
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but still small, with little cross-national variation.? Ultimately, the authors char-
acterized the relationship in the following way (Allum et al., 2008, p. 51):

Our findings suggest that, if one examines all measured knowledge and at-
titude domains, there is a small but positive relationship. Perhaps we might
characterize the importance of this as “shallow but broad.” Those scholars
who take the falsity of the “deficit model” as axiomatic will no doubt want
to focus on the low magnitude of the overall effect. Those who believe that
“knowledge matters” will likely emphasize the robustness of the relationship—
over so many national contexts and over time.

Other scholars have reinforced these findings and shown that this relation-
ship becomes more complicated when assessing specific science knowledge and
attitudes. Individuals may have broadly positive (or negative) attitudes toward
science and may hold a set of attitudes toward specific scientific issues or dis-
putes that do not align with their general attitudes toward science. For example,
O’Connor and colleagues (1999) found a positive relationship between specific
attitudes (willingness to take voluntary actions to address climate change) and
specific knowledge (understanding of climate change). The study found that
willingness was positively related to knowledge of the causes of climate change,
although the relationship was weaker once measures of overall environmental
attitudes were included in the analysis. In contrast, Bauer and colleagues (1997)
analyzed three separate years of Eurobarometer data and found that, while
specific knowledge of biology increased across the three surveys, optimism
about both biotechnology and genetic engineering actually decreased during
that time. The authors also found that scientific knowledge was only weakly cor-
related with a host of application areas for either biotechnology or genetic engi-
neering. Other studies have concluded that higher levels of scientific knowledge
were correlated with negative perceptions of biotechnology (e.g., Midden et al.,
2002), pointing to the inconsistent results across studies trying to assess a direct
relationship between knowledge and attitudes.

Priest and colleagues (2003) explored public perceptions toward biotech-
nology in both the United States and Europe. While the authors found science
knowledge and educational levels to correlate differently with several different
application areas of biotechnology (from a strong, positive correlation of 0.6
for medical applications to weak correlations of 0.05 in areas of food applica-
tions and animal cloning), they also concluded that a “knowledge gap” failed
to completely explain the much higher European opposition to biotechnology.
In this case, “trust gaps” (i.e., the size of the difference in trust in different
stakeholders involved in the technology) emerged as a more reliable predictor
of biotechnology attitudes than knowledge levels.

The importance of trust in explaining attitudes, relative to science knowl-

2The small amounts of variation that were present were explained by the proportion of the popu-
lation in the countries that went on to attend higher education (Allum et al., 2008).
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edge levels, has been stressed elsewhere. Priest (2001), using a path analysis,
explored the competing roles of awareness, food safety concerns, genetics
knowledge, and trust in key scientific institutions on encouragement for bio-
technology, including the genetic engineering of crops, cloning, and engineer-
ing bacteria to produce pharmaceuticals, among others. This study revealed
a moderate positive relationship between specific knowledge of genetics and
encouragement of biotechnology applications. However, the strength of the
knowledge-attitude link was much less pronounced than the one found between
institutional trust and biotechnology encouragement. Brossard and Nisbet
(2007) also found a small but positive relationship between factual knowledge
of agricultural biotechnology and support for the technology after controlling
for a large number of variables, including sociodemographic variables, media
use, levels of trust, and reservations about the effects of science. However, they
found that the main determinant of public support for agricultural biotechnol-
ogy was the level of deference toward scientific authority and not knowledge
levels or trust in information providers.

Other scholars have observed negative relationships between various mea-
sures of scientific knowledge and public attitudes, particularly for issues char-
acterized by ethical debates (Knight, 2009). For example, Cacciatore and col-
leagues (2012a) found that, even after controlling for a host of factors, increased
knowledge about biofuels was associated with a greater tendency to perceive
increased risks relative to benefits from the alternative fuel. Similar patterns
have been noted for the issue of nanotechnology, where Lee and colleagues
(2005) found that general science knowledge negatively predicted people’s per-
ceptions of benefits of the science relative to risks. However, as discussed below,
the researchers stressed that processes were complicated and that knowledge
had a weaker effect on attitudes for people who showed strong emotional reac-
tions to the topic. In another study, Kahan and colleagues (2012) explored the
effects of science literacy and numeracy on climate change attitudes and found
that both scientific knowledge and numeracy were associated with decreased
risk perceptions regarding the dangers of climate change.

Mediators and Moderators

As illustrated above, there is increasing evidence that the direct link
between science knowledge and attitudes toward scientific issues is weak and
is mediated or moderated by other factors.” Acknowledging that the psychology
of attitudes is complex and that cognitive and affective factors have to be taken
into account, scholars have explored what factors might shape the connections
between knowledge and attitudes. Much of this recent work shows that the

’ A moderator variable is one that influences the strength of a relationship between two other vari-
ables, and a mediator variable is one that explains the relationship between the two other variables.
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relationship between knowledge and attitudes often weakens or disappears
as additional variables are controlled for in the analysis (e.g., Cacciatore et
al., 2011; Hart and Nisbet, 2012; Ho et al., 2008, 2010, 2011; Scheufele et al.,
2009). In other words, individuals may make judgments on specific applications
of science not based on their knowledge levels, but based on such other factors
as people’s values (political ideology, religiosity, or deference to science), their
level of trust in information providers, or other important variables.

Lee and colleagues (2005) found a moderating effect of negative emotion
on the relationship between nanotechnology knowledge and perceptions of
the risks relative to benefits of nanotechnology. Specifically, nanotechnology
knowledge had a significantly stronger effect on perceptions of risks versus
benefits among individuals who reported low levels of negative emotion toward
the issue. People without strong negative emotions toward nanotechnology
were much less concerned about the risks of nanotechnology as their knowl-
edge levels increased, while those with strong negative emotions were relatively
unmoved in their perceptions of risks regardless of their knowledge level. This
pattern was also found when general support for nanotechnology was the
dependent variable of interest.

Ho and colleagues (2008) noted similar patterns in their work investigating
public attitudes toward stem cell research. As with the results for nanotechnol-
ogy, the authors found that the positive effects of knowledge on stem cell sup-
port did not persist once a host of demographic and media use variables were
controlled for in the regression model. Consistent with the results noted above,
they found that the influence of knowledge on support for embryonic stem cell
research was significantly stronger for people low in religiosity in comparison
with people high in religiosity. They also found that knowledge had a much
stronger relationship with support for stem cell research among liberals than
conservatives. Finally, a similar pattern was observed for deference to scientific
authority, with knowledge having the strongest effect on support among those
reporting high levels of scientific deference.

Kahan and colleagues (2012) investigated two competing hypotheses—
what they call the science comprehension hypothesis (that increases in scientific
knowledge will lead to greater scientific support) and the cultural cognition
theory (that people form their perceptions of risks based on the risk percep-
tions of those groups with whom they identify)—to explain public attitudes
toward climate change. Although they found a negative effect of science literacy
and numeracy on climate change concern, they also found that general science
knowledge interacted with worldviews in predicting such attitudes. Specifically,
knowledge served to polarize the viewpoints of egalitarian communitarians
and hierarchical individualists, with increased literacy elevating concern about
climate change for the communitarians and decreasing the concern of the indi-

Copyright © National Academy of Sciences. All rights reserved.



Science Literacy: Concepts, Contexts, and Consequences

SCIENCE LITERACY FOR INDIVIDUALS 93

vidualists.* Guy and colleagues (2014) found that knowledge specific to the
issue of climate change was associated with an increased tendency to accept the
evidence for climate change (a pro-science attitude) among those with a hierar-
chical worldview, but not among those with an individualistic worldview. These
approaches are consistent with “motivated reasoning,” the idea that individu-
als tend to select information that is consistent with their views or beliefs and,
alternatively, avoid information that is inconsistent with their views or beliefs
(see, e.g., Yeo et al., 2015).

As the work discussed above suggests, the path from scientific knowledge
to positive attitudes toward science or support for science is not always clear.
Knowledge affects different subgroups in a population differently depending
on a host of factors, including levels of religiosity, political predispositions
and worldviews, and deference to scientific authority. These patterns seem to
vary depending on the specific scientific issue being explored and the culture
in which the data is collected. More research is needed to understand this
phenomenon.

Effects of Interventions to Increase Knowledge on Attitudes

Experiments related to science knowledge typically seek to assess the
effect of providing individuals with new information and comparing the views
of those individuals to groups who received either no new information, dif-
ferent information, or some other intervention. However, such experiments
can be challenging to interpret. Although effects may emerge, simply learning
new facts on their own may not be an adequate representation of the effects
of science knowledge or literacy. Specific circumstances may place more or
less literacy demands on individuals or allow or disallow for opportunities to
apply that literacy. Given this, evidence from interventions that do not take into
account context may be limited in its general applicability.

Consistent with similar research on nonscience topics, studies on science-
related deliberation clearly show that it is possible to increase basic knowledge
through various short-term interventions (Sturgis et al., 2010; Doble, 1995;
Einsiedel and Eastlick, 2000; Setali et al., 2010; Delli Carpini et al., 2004; Bauer
and Bonfadelli, 2002). However, the studies also typically show that such learn-
ing often has little relationship to attitude change. Gastil and Dillard (1999)
found these types of outcomes along with differences by ideology for a range
of issues, including energy and health topics. More recently, Kronberger and

#Kahan and colleagues (2012) define hierarchical individualists as individuals who tie authority to
conspicuous social rankings and eschew collective “interference” with the decisions of individuals
possessing such authority. Egalitarian communitarians are defined as individuals who favor less
regimented forms of social organization and greater collective attention to individual needs (Kahan
et al., 2012, p. 732).
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colleagues (2012) found that a reading task followed by focus-group discussions
around synthetic biology resulted in increased “opinion certainty,” especially
for groups whose members were highly interested in the topic.

Science information-related experiments not involving discussion similarly
found that providing participants with information has a limited effect or an
effect that is contingent on predispositions, such as ideology or worldviews.
Druckman and Bolsen (2011) and Bolsen and colleagues (2014), for exam-
ple, showed that “framing” various technologies in certain ways can equal or
overwhelm the effect of providing someone with basic information related to
emerging technologies. Furthermore, these studies show that people tend to
interpret any new information in a way that fits with their worldviews (i.e., they
engage in “motivated reasoning”) (see, e.g., Ahern et al., 2016). Kahan and col-
leagues (2009) have further shown that the process of giving people additional
information actually helps people figure out how to use their worldviews to
judge a new technology. For example, one study found that views about nano-
technology were initially relatively similar across cultural worldviews prior to
receiving risk and benefit information but, once such information was provided,
people reacted divergently, in a manner consistent with their different cultural
predispositions toward technological risk generally (Kahan et al., 2009, p. 88).
Similar effects for issues such as climate change have also been found (Braman
et al., 2012).

Brossard and colleagues (2005) used a citizen science project (scientific
research conducted, in whole or in part, by amateur or nonprofessional scien-
tists) to explore methods of improving understanding and knowledge of the
process of science and bird biology. The study found a significant increase in
knowledge of bird biology among those in the treatment condition following
the completion of the project. However, corresponding increases in partici-
pants’ understanding of the scientific process did not occur, and the project did
not affect participants’ attitudes toward science or the environment.

To summarize, the available evidence suggests that providing people with
an opportunity to learn about a topic may result in some learning, but it is
unlikely to substantially affect attitudes on scientific issues. The reason that
individuals likely do not change their attitudes in response to new information
is similar to the reason that variables such as ideology or worldview moderate
the relationship between existing science knowledge and attitudes about sci-
ence. Individuals use both existing and new information to reinforce existing
attitudes rather than to change their attitudes. It is also possible that people
typically use new information to figure out what their cultural group likely
believes. Once they have made this determination, the tendency is to conform
to their group’s beliefs (Gunther and Liebhart, 2006; Mercier and Sperber,
2011; Hart and Nisbet, 2012; Kahan, 2015).

Because of these phenomena, determining causality—knowing whether
knowledge is driving attitudes, whether attitudes are driving people to become
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more informed, or whether the relationship is reciprocal—can be difficult.
Importantly, experimental work, which can shed some light on this issue, has
limits; it can be difficult to increase knowledge levels without framing the infor-
mation in such a way that makes it difficult to pinpoint knowledge, and not the
introduction of a specific viewpoint, as the cause of a shift in attitude. In addi-
tion, the nature of experiments is such that analyses of knowledge acquisition
and subsequent long-term effects on attitudes are difficult to make.

THE RELATIONSHIP BETWEEN SCIENCE LITERACY,
HEALTH LITERACY, AND BEHAVIORS

In this section we turn from the effect of knowledge on attitudes to the
effects of science knowledge and health knowledge on actions and behaviors.
As discussed throughout this report, science literacy and health literacy can
operate at many different levels of society, from the actions and decisions of
individuals to the collective actions and decisions of a community or even a
society. The benefits of science literacy and health literacy can also accrue at
each level of society: the boundaries between individual, community, and soci-
etal benefits are fluid, and actions or behaviors at different levels may contribute
to effects at other levels. For example, the decision to vaccinate one’s children is
made at the individual level, but it has implications at the level of communities
and societies, such as increased life expectancies following the eradication or
reduction of infectious diseases.

This section discusses the current evidence on the application of science
and health knowledge. We first present frameworks for understanding the rela-
tionship between knowledge and action and then analyze the evidence on the
relationship between science knowledge, health knowledge, and health-related
behaviors. Most of the evidence as to the application of science literacy and
health literacy focuses on health-related behavior and does not include a wider
set of behavioral outcomes. In reviewing the existing evidence, the committee
recognizes that there may be individuals (or communities or societies) who are
deeply knowledgeable and engaged, yet nevertheless do not act or take actions
that may be at variance with the consensus view of scientists on scientific issues
(e.g., individuals objecting to vaccinations or individuals who do not pursue
preventative care because they lack access to health care).

Framework of Science Literacy and Health Literacy and Action

Identifying the effects of science literacy or health literacy can be challeng-
ing. Often, their effects on any sort of action, decision, or behavior are imagined
to be linear, unidirectional, and deterministic: science literacy or health literacy
causes desirable outcome X. However, science literacy or health literacy alone
is rarely entirely necessary or wholly sufficient for producing a particular desir-
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able outcome. Although a connection between knowledge and actions exists,
other factors influence choices—factors ranging from cultural norms and self-
efficacy to an individual’s ability to access services. Therefore, science literacy
and health literacy should be seen as only a probabilistic and partial influence
on actions, decisions, and behaviors.

In addition, claims that construe science literacy and health literacy as nec-
essary for particular actions fail to acknowledge the plurality of human motives
and life circumstances that can lead to the same outcome. For example, if a
person makes healthy dietary choices, it does not necessarily mean that she or
he did so because of new nutritional knowledge. Personal habits, social norms,
and cultural affiliation can all play a role in shaping behaviors, as can a wide
range of beliefs that may or may not reflect or derive from scientific knowledge.
The assumption that only scientific knowledge and understanding underlies
a particular conclusion, action, or behavior is contradicted by the evidence.®
Social factors (such as norms, expectations, and regulations) can also shape
the resources available to individuals, thus limiting or constraining behavior.
For example, in health care systems, the complexity of medical texts, the com-
munication skills of those providing information, and the attributes of institu-
tions that support or impede patients and caregivers and health professionals
all shape the behaviors of actors engaged in the system (Pleasant et al., 2016).
Furthermore, living in areas with a shortage of health professionals, lacking of
health insurance, and facing problems accessing health services may influence
health-related behaviors (see e.g., Gore et al., 1999).

Scholars in the social sciences have long worked to conceptualize this prob-
lem of human behavior. In general, social scientists argue that behavior may be
determined by a range of factors that include: knowledge and skills, perceived
risk, attitudes and beliefs, perceived consequences, self-efficacy, social norms,
intentions, and demographics. Other social-psychological determinants (e.g.,
self-concept and self-esteem, occupational stress, religiosity, recreation and lei-
sure, social support networks, and media habits) may also influence a person’s
actions (see e.g., Ajzen, 1985; Glanz and Rimer, 1995; Prochaska et al., 1992;
Bandura, 1971).

The field of health literacy has developed useful frameworks for under-

°Tt is always possible to formulate post hoc arguments about why science literacy and health
literacy could not operate in a particular circumstance—even if they were present. It is not the
committee’s intent to make claims about science literacy and health literacy unfalsifiable. Rather,
the committee believes science literacy and health literacy require an assessment of their value on
the basis of a range and type of circumstances in which they do appear to shape thoughts, actions,
and behaviors in a positive way.

¢See, for example, Kempton et al. (1995), who found the average knowledge about environmental
issues to be low. However, the lack of knowledge was equally strong among environmentalists and
nonenvironmentalists, implying that environmental knowledge per se is not a prerequisite for pro-
or anti-environmental behavior.
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standing individuals’ health behaviors and the relationship between a person’s
health knowledge and their health-related behaviors. In general, these frame-
works incorporate internal and external factors that contribute to behavior.
For example, variables such as knowledge of opportunities for screening and
treatment or an individual’s risk perception may spur intentions about a health
action and ultimately result in a decision about whether to attempt to perform
that health action. Concepts, such as self-efficacy, and practical barriers, like
the financial costs associated with the action, influence the translation of inten-
tions into action. Social factors may also influence motivational and volitional
processes. In addition to these social cognitive processes, demographic deter-
minants (e.g., gender, employment status, and personal wealth) can influence
the likelihood of a health action (see e.g., Paasche-Orlow and Wolf, 2007; von
Wagner et al., 2009).

These behavioral theories and frameworks provide a useful guide for think-
ing about the relationship between science literacy, health literacy, and behav-
iors or actions. The constraints and, more broadly, the social structures in which
individuals live limit their ability to take action on the basis of science literacy or
health literacy. Science literacy or health literacy can be a powerful tool, but it
can more easily be used by some individuals and in certain circumstances than
others. That is, one’s science literacy or health literacy may be adequate in cer-
tain situations and may be deficient in others. Understanding this relationship
allows for a more realistic understanding of the benefits of science literacy and
health literacy, even when, at times, that benefit may be limited by other factors.

Science Literacy, Health Literacy, and Behaviors

As discussed above, the connection between an individual’s science and
health knowledge (as assessed by an individual’s knowledge of specific facts)
and action is limited. There is particularly strong evidence that knowledge has a
mediated relationship to action (e.g., Bord et al., 2000; Kollmuss and Agyeman,
2002).

Science Literacy and Bebaviors

Though most of the evidence on use of health literacy examines effects
on behaviors related to health, literature in the field of environmental science
explores the relationship between knowledge and a nonhealth science-related
behavior. In the environmental domain, the available evidence suggests that
there is a weak correlation between science knowledge and behavior. For
example, Hines and colleagues (1986) published an important meta-analysis
that examined 128 pro-environmental behavior research studies. The analysis
found that the correlations between knowledge and attitudes, attitudes and
intentions, and intentions and actual behavior were weak.
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Finger (1994) showed that environmental information and knowledge pre-
dicted little of the variability in most forms of environmental behavior. How-
ever, the study did find that information and knowledge acquisition appeared
to foster protest actions. Hsu (2004) assessed the effects of an environmental
education course on students’ environmental behavior. The students’ perceived
knowledge of environmental issues and intentions to act did increase after
completing the course, but this study examined only perceived knowledge and
intentions to act, not completed behaviors.

There is evidence to suggest that understanding the institutional nature of
knowledge production (e.g., peer review, conflicts of interest, research fund-
ing) can be useful across a wide range of circumstances (see, e.g., Ryder, 2001).
This aspect of science literacy may enable individuals to engage critically with
science by helping them to frame meaningful questions, even in contexts in
which relevant science concepts are highly technical. Critical understanding
of the nature of scientific evidence, a grasp of the way that wider issues influ-
ence debates about science, and the value of formal scientific evidence may
enable individuals to productively engage with scientific controversies (Tytler
et al., 2001). In doing so, individuals may create greater accountability—such
as demanding caution in environmental assessments or calling for bioethical
guidelines in relation to new genetic technologies—in the production and use
of scientific knowledge (Jasanoff, 2003; Irwin and Wynne, 1996).

There are numerous factors beyond scientific knowledge that influence
behaviors. Kollmuss and Agyeman (2002) found an individual’s ability to
undertake environmentally conscious actions was influenced by demographic
factors, external factors (e.g., institutional, economic, social, and cultural fac-
tors) and internal factors (e.g., motivation, values, attitudes, emotion, locus
of control, responsibilities, and priorities). Differences in willingness to act
are also mediated by trust and acceptance (Rabinovich et al., 2012). When
individuals lack trust in existing political leaders or institutions to respond
effectively to climate change, for example, their personal motivation to engage
with the issue is dampened, since feelings of reciprocal sacrifice are important
motivators of participation (Feldman and Hart, 2016).

Health Literacy and Bebaviors Related to Health

The relationship between health literacy, behaviors related to health, and
ultimately health outcomes is complex. Much of the research on the relation-
ship between health literacy and behaviors related to health at the individual
level focuses on compliance behaviors and the use of health care services. In
the field of health literacy, this research tends to use cross-sectional surveys to
assess health literacy of a sample of respondents and measure various outcomes.
It is common for surveys to use “fundamental” literacy as a proxy for health
literacy or instruments such as the Test of Functional Health Literacy in Adults,
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the Rapid Estimate of Adult Literacy in Medicine, or the Wide Range Achieve-
ment Test to assess an individual’s health literacy (see Chapter 2). The outcomes
that are assessed range from compliance behaviors, such as adherence to oral
contraceptive pills or rate of breastfeeding, to self-efficacy and health outcomes,
such as healthy weight, diabetes control, or management of asthma (Ross et al.,
2001; DeWalt et al., 2007; Hawthorne, 1997; Davis et al., 2006; Campbell et
al., 2004; DeWalt and Hink, 2009).

It is well accepted that health literacy is an important factor in patients’
abilities to obtain and use health-related information to make decisions about
health care as it relates to health services utilization, self-care behaviors, and
risks for disease-related morbidities and mortalities, especially when tied to
racial and ethnic disparities (DeWalt et al., 2004; Berkman et al., 2011a, 2011b;
Osborn et al., 2007, 2011; Paasche-Orlow et al., 2010). For example, in a sys-
tematic review the Agency for Healthcare Research and Quality (2011) found
evidence that lower levels of health literacy were associated with increased
hospitalization, greater emergency care use, lower use of mammography, and
lower receipt of the influenza vaccine (see also Berkman et al., 2011a, 2011b;
Sheridan et al., 2011).

Although much of this research demonstrates a relationship between
knowledge and action, it is typically weak (e.g., Al Sayah et al., 2012). Studies
often find that other factors, such as reasoning skills, intelligence, trust, and
values, contribute to an individual’s actions (see, e.g., Arnold et al., 2001; Keller
et al., 2008). Other mediating factors may be external to the individual, such
as access to health care, patient-provider interactions, cost, and management
of health and illness (von Wagner et al., 2009). For example, in a meta-analysis
reviewing the relationship between health literacy and medication adherence,
Zhang and colleagues (2014) found higher health literacy levels were associated
with better medication adherence across 6 diseases and 35 samples. However,
the effect size of the relationship was weak when compared with other predic-
tors of medication adherence, such as type of disease, medication beliefs, and
cost restraints (Zhang et al., 2014).

Some studies have examined interventions intended to improve health
behaviors and use of health services. For example, Yin and colleagues (2008)
measured parent-reported medication dosing and observed parents preparing
a medication dose. Parents in the intervention group received pictogram-based
medication instruction sheets with teach-back counseling; parents in the con-
trol group received standard care. The parents in the intervention group were
more likely to use the correct dose and had greater self-reported adherence to
the prescribed medication regimen. In another study, Robinson and colleagues
(2008) studied children with asthma who were enrolled in a reading skills and
asthma education program. Of the children enrolled, 63 percent visited an
emergency room before the intervention while only 33 percent made an emer-
gency visit during the intervention, and the children whose reading improved
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the most were least likely to have repeated emergency visits. In contrast, a
recent study of parents who received one of four interventions—information
explaining the lack of evidence linking vaccinations to autism; textual informa-
tion about the dangers of diseases prevented by vaccination; images of children
who have diseases prevented by the vaccine; and a dramatic narrative about
an infant who almost died of a disease prevented by the vaccine—found that
none of the interventions increased parental intent to vaccinate a future child.
In addition, the results indicated that showing images of sick children increased
expressed belief in a vaccine-autism link and the dramatic narrative increased
self-reported belief in serious vaccine side effects (Nyhan et al., 2014).

The field of health literacy has acknowledged that many factors—at both
the individual level and the system level—may affect an individual’s applica-
tion of health literacy; see Box 5-3 for a discussion of the relationship between
health literacy and health disparities. System factors shape the resources avail-
able to and the behaviors of visitors and users, as well as the behaviors and
expectations of the broad array of individuals engaged in providing health
information, care, and services (Pleasant et al., 2016, p. 3). Studies of interven-
tions demonstrate that, at least in the short term, an individual’s health literacy
may be enhanced by an outside intervention, typically a change in the health
system. These interventions contribute to literacy and may spur particular
behaviors if they can overcome adverse individual and external influences and
potential context-based hurdles.

The Effects of Science Literacy on Behaviors Related to Health

As described above, the relationship between health literacy, behaviors
related to health, and ultimately health outcomes is complex. Although the
effect of health literacy on health outcomes is widely accepted, it is unlikely that
health literacy, any more than science literacy, has direct effects on most health
outcomes, as this relationship is mediated by a range of factors.

Beyond this literature, there has been little scholarly work analyzing the
relationship between science literacy and health-related behaviors. However,
studies do show that science knowledge can lead to increased perceived self-
efficacy, and it is well established that perceived self-efficacy and response
efficacy are important in explaining preventive health care behaviors (e.g.,
Jayanti and Burns, 1998; Bandura, 2010). Thus, in this way, science literacy may
indirectly affect preventive health behaviors. Despite this finding, the available
evidence does not demonstrate that science literacy is directly related to spe-
cific health behaviors. If enhanced science literacy can be empirically linked to
enhanced health literacy, it could indirectly be associated with some behaviors
related to health. There is a need for further research to determine if such a
relationship exists.

One such promising area is the potential relationship between science
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BOX 5-3
Will Improving Health Literacy Reduce Health
Disparities for Vulnerable Populations?

The text below is from a presentation by Dean Schillinger, summarized in
Institute of Medicine (2011, pp. 16-17).

Turning to the question of whether health literacy intervention reduces disparities,
there is much less data. Most studies evaluating health literacy interventions have
demonstrated improvements that disproportionately accrue to those with adequate
health literacy, or they yield similar improvements across health literacy. Most studies
do not report the effects on vulnerable subgroups by, for example, stratifying results
by race, ethnicity, or educational attainment.

Afew health literacy interventions have been found to disproportionately affect vul-
nerable subgroups. Rothman and colleagues (2004) tested a health-literacy-sensitive
diabetes management program that disproportionately benefited those with limited
health literacy compared with those who had adequate health literacy. DeWalt and
colleagues (2006) did the same on congestive heart failure. Paasche-Orlow and col-
leagues (2005) used a teach-to-goal approach in asthma education, which dispro-
portionately benefited those with limited health literacy versus those with adequate
health literacy.

An automated diabetes phone system disproportionately engaged and led to
behavior change among those with limited literacy and limited English proficiency com-
pared with others (Schillinger et al., 2008). Finally, work by Machtinger and colleagues
(2007) found visual medication schedules, when combined with a “teach back” in
anticoagulation care, disproportionately benefited those with communication barriers.

Reducing disparities requires taking a socioecological approach, Schillinger said.
This approach includes thinking about the context in which people live and receive
their healthcare. An important question to consider is, will better individual health lit-
eracy lead people to make healthier choices, particularly those who are in vulnerable
populations? Given the cluster of risks that vulnerable populations face—food insecu-
rity, food access problems, unsafe neighborhoods, and so on—that are determined by
social context, it is important to be realistic regarding expectations of what improving
health literacy can do.

Another important issue is whether attempts to affect individual health literacy will
be hampered by the nature of health systems that disproportionately care for vulner-
able populations. Varkey and colleagues (2009) studied primary care practices strati-
fied by the proportion of minority patients served. Practices that served 30 percent or
more minority patients were compared to practices with fewer minorities. Tremendous
differences were found in organizational structure, workforce satisfaction, comorbidity,
complexity of disease, and perceived practice chaos. Work settings significantly affect
the health care provided to vulnerable populations.

Context is important. Preliminary evidence suggests these factors can affect the
relationship between health literacy and outcomes. In studies of the relationship be-
tween health literacy and chronic disease control (e.g., blood pressure, diabetes),
whether or not there is a relationship between health literacy and the outcome appears
to vary based on the setting. Schillinger’s work at a public hospital showed a clear
relationship between health literacy and diabetes outcomes, but a similar replication
study in a private setting in New England found no relationship (Morris et al., 2006)
and a study of literacy and blood pressure control found that the relationship varied by
setting (Powers et al., 2008). Contextual factors need further analysis.
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literacy and information-seeking and interpretation of online health-related
information. Individuals now routinely seek health-related information online.
When doing so, individuals need to possess the ability to determine which
information is trustworthy and process the appropriate information in an effi-
cient manner. There is some evidence to suggest that science literate individu-
als may be more equipped to efficiently look for and process health-related
information (Ellis et al., 2012).

CONCLUSIONS

The existing empirical evidence at the individual level on the value of sci-
ence literacy is drawn largely from two separate research fields: science literacy
and health literacy. Studies on the effect of health literacy have largely examined
the relationship between knowledge (measured as health-related knowledge or
foundational literacy) and behaviors related to health. In contrast, most of the
literature on science literacy assesses the relationship between science knowl-
edge and attitudes toward, perceptions of, and support for science.

CONCLUSION 10 Research examining the application of science literacy
and health literacy has focused on different things: studies on the impact
of health literacy have looked for impact on health-related behaviors and
actions (e.g., compliance with medical advice, shared decision making,
etc.), whereas studies on the impact of science literacy have mostly exam-
ined its relationship to individual attitudes toward science and support for
scientific research.

Findings from regression-based analyses—in which the effects of knowl-
edge on attitudes were often weakened or eliminated completely when demo-
graphic, value predisposition, media use, and trust variables were included in
the analysis—demonstrate that context matters when looking at the relation-
ship between knowledge (as assessed by currently used measures of scientific
content knowledge) and perceptions of and support for science. Though there
appears to be a small, positive relationship between general science knowledge
and general attitudes toward science, the relationship is weak and is moderated
or mediated by other factors. Therefore, given the state of current evidence and
measures, increasing science literacy should not be seen as the foremost means
for improving support for science.

CONCLUSION 11 Available research does not support the claim that
increasing science literacy will lead to appreciably greater support for sci-
ence in general.
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Scholars have shown that the relationship between knowledge and atti-
tudes becomes complicated when assessing science knowledge and attitudes
toward specific science issues. Knowledge affects diverse subgroups in the
population differently depending on a host of factors, including levels of reli-
giosity, political predispositions and worldviews, and deference to scientific
authority. These patterns seem to vary depending on the specific scientific issue
being explored and the culture in which the data are collected. In fact, there
is often an interaction between knowledge and worldviews such that enhanced
knowledge has been associated, in cases of controversial issues, with increased
polarization, affecting attitudes toward those specific science issues.

CONCLUSION 12 Measures of science literacy in adult populations have
focused on a very limited set of content and procedural knowledge ques-
tions that have been asked within the constraints of large population sur-
veys. Though available measures are limited in scope, evidence suggests
they are reasonable indicators of one aspect of science literacy, science
knowledge. Studies using these measures observe a small, positive relation-
ship between science literacy and attitudes toward and support for science
in general.

CONCLUSION 12a An individual’s general attitude toward science

does not always predict that same individual’s attitude toward a specific

science topic, such as genetic engineering or vaccines.

CONCLUSION 12b Some specific science issues evoke reactions based

on worldviews (e.g., ideology, religion, deference to scientific authority)

rather than on knowledge of the science alone.

The research on the relationship between science literacy, health literacy,
and behaviors related to health is limited, but the examples that exist highlight
the weak correlation between science literacy and health literacy and behaviors.
Like the relationship between science knowledge and attitudes toward science,
the causal pathway between science literacy and health literacy and behaviors
is complex and mediated or moderated by personal and external factors.

CONCLUSION 13 The commonly used measures of science and health
literacy, along with other measures of scientific knowledge, are only weakly
correlated with action and behavior across a variety of contexts.

The weak relationships among science literacy, health literacy, attitudes,
and behaviors suggest that efforts to simply promote knowledge and under-
standing to change behavior or attitudes may have limited results. Efforts that
focus on increasing knowledge also need to include removing impediments to
actions and lowering the literacy demands of particular situations.
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Research Agenda

hroughout this report, the committee has both illuminated and com-
plicated evolving notions of science literacy. This analysis reflects our
understanding of the history of how the term has been understood and
applied, as well as suggests a new direction for future thinking on these issues.
In order to continue the trajectory of this work, the committee offers a recom-
mendation for how the term should be considered and applied moving forward.

Recommendation: The committee recommends that, in keeping with con-
temporary thinking, the scientific community, the research community, and
other interested stakeholders continue to expand conceptions of science
literacy to encompass (a) an understanding of how social structures might
support or constrain an individual’s science literacy and (b) an understand-
ing that societies and communities can demonstrate science literacy in ways
that go beyond aggregating the science literacy of the individuals within
them.

In continuing to expand the conceptions of science literacy, it will be
necessary to solidify an evidence base that investigates science literacy in all its
complexity.

Recommendation: The committee recommends that the research com-

munity take on a research agenda that pursues new lines of inquiry around
expanding conceptions of science literacy.

105
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This chapter outlines some areas of research needs. We offer sets of
research questions (found throughout this chapter in bold) as a way of think-
ing about creating new measures and expanding the information available.
These questions, divided into four issues, reflect the need to better understand
(1) the relationship between science knowledge and attitudes toward science,
(2) the utility of science literacy, (3) the relationship of science literacy to other
literacy skills, and (4) the role of science literacy for citizens as decision makers.

ISSUE 1: KNOWLEDGE AND ATTITUDES

In our review of the literature on science literacy, we conclude that the
research shows a positive relationship between science knowledge and attitudes
toward science and support for science. This finding stems largely from decades
of survey research assessing the public knowledge and general attitudes toward
science. This relationship, however, is small and mediated such that analyses
of the survey data suggest that an increase in knowledge across a population is
unlikely to result in an appreciable change in positive attitude toward science.

Interventions intended to change individuals’ attitudes often have focused
on providing scientific information to increase individuals’ knowledge. Experi-
mental and case studies of such interventions have sought to assess the effect of
providing individuals with new information, comparing the views of individuals
who were given specific information to individuals who received either no new
information, different information, or some other intervention. These experi-
ments can be challenging to interpret. While some limited effects have been
observed, it is not clear that short-term learning of new facts is the same as
science literacy or the development of meaningful knowledge. In addition, evi-
dence from interventions that do not take into account context may have lim-
ited applicability in other contexts. More research is needed to understand the
impact of efforts to enhance science knowledge and their effects on attitudes
and behaviors, as well as the role of context and the relationship between find-
ings from experimental and case studies and those from cross-sectional surveys.

1.1 Under what conditions and for which types of knowledge does acquir-
ing new scientific knowledge affect individual attitudes and behavior related
to science? In other words, to what degree are the results of experimental
interventions consistent with results that emerge from studies based on cross-
sectional surveys?

The potential relationship between science literacy and information-
seeking/interpretation behaviors, such as searching online information or par-
ticipating in research, needs to be investigated. Individuals now routinely seek
science-related and health-related information online. When doing so, individu-
als need to possess the ability to determine which information is trustworthy
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and process the appropriate information in an efficient manner. There is some
evidence to suggest that science literate individuals may be more equipped to
efficiently look for and process health-related information (see Chapter 5). Life
circumstances including (but not limited to) group membership and geographic
location affect what resources people can access and use. Despite a remarkable
leveling in access to the Internet and Internet-enabled technologies in the past
2 decades, research continues to point to troubling differences in the way that
people are supported in their use of Internet technologies, particularly in edu-
cational settings (see Chapters 3 and 5).

1.2 How do developments in digital resources and growth in participatory
research opportunities (e.g., citizen science) change information seeking in,
understanding of, and attitudes toward science? Particular attention should
be placed on understanding access and use of information (i.e., factors that
play into access to information, information-seeking habits, and evaluation
and use of information.)

ISSUE 2: UTILITY OF SCIENCE LITERACY

Currently science literacy is assessed in adult populations throughout the
world using survey instruments that reflect knowledge of content and some
limited ways of scientific thinking. These instruments are widely used and
methodologically sound, but constraints on length and demands for compara-
bility across nations mean that they may not capture as much of the depth and
breadth of the knowledge nor the full diversity of scientific reasoning required
for science literacy. Researchers in the field need to come to a common under-
standing of potential indicators as well as limitations of what can be measured
regarding the utility of science literacy. More research is needed to produce
new measures to better examine how science literacy at society, community,
and individual levels is shaped by and contributes to behaviors, attitudes, and
cultures.

2.1 To what extent do the current measurements of science literacy map onto

people’s capacities to accomplish specific tasks, such as to understand sci-
ence or health messages, choose between competing sources of information,
identify expertise, or modify behavior? For example, what can someone who
scores in the upper quartile on a science literacy measure do that someone
who scores in the lowest quartile cannot? How do these scores relate to the
probability of success in either science, technology, engineering, and math-
ematics (STEM) or STEM-enabled jobs? How does science knowledge—and
knowledge about science—shape a person’s ability and willingness to engage
with contemporary scientific and technological issues?
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Case studies have demonstrated instances in which communities became
centrally involved in the interpretation of scientific research or critically engaged
in community-based decision making on science-related issues. However, the
current literature may be biased toward successful examples and thus miss
instances in which science literacy did not emerge or in which a community
was not able to develop the capacity to manage a scientific issue it faced. In
addition, the role of science literacy in accomplishing community goals has
typically been extrapolated from findings afterward and not considered at
the outset of studies. Future research should consider explicitly the nature of
science literacy within communities. In most cases there has been little effort
to assess, prior to the start of community action or controversy, what level of
science literacy was present in the community. Though, we recognize that many
of the concepts that drive community-level analyses of science literacy may be
difficult to operationalize empirically.

2.2 How can research measure, understand, and support the features, struc-
tures, and circumstances of communities that make it possible for them to
engage collectively with and use science? Research on this topic requires
comparisons across multiple communities.

The context and demands for science literacy at every level of social orga-
nization—society, community, and individual—are variable and may shift as
new scientific advances and discoveries emerge. Empirical findings suggest
that the knowledge needed to engage with science in contemporary societies is
somewhat different than the specific content knowledge captured by existing
measures of science literacy. Similarly, researchers have observed that existing
measures of health literacy do not address the full conceptualization of health
literacy as has developed in the field in recent years (see Chapter 2).

The growth in communications media is one example of the complexity
of information sharing that could affect science literacy and of an area that
deserves more research attention. The breadth of the Internet’s topical cover-
age and the increasing ease of access through mobile devices have changed
how people think about and use information and interact with others. To
date, what little data exists from these media suggest that people participate in
large numbers and that participation spans national boundaries. Recent figures
estimate that 84 percent of U.S. citizens use the Internet, but participation is
not uniform. Nearly all young adults, those with higher levels of education,
and those in the most affluent households use the Internet. Use among other
age, education, and income subgroups is rising but gaps in use remain.! The
Internet and related media make possible the formation of virtual communities.
Evolving communication technologies allow people from all over the world to

ISee, for example, Perrin and Duggan (2015).
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exchange information and to connect with others on issues of interest and/
or relevant to them. These virtual communities could have significant as well
as disparate impact across societies on individuals’ information seeking and
informal learning.

There are currently few data from these media sources that bear on science
literacy and health literacy. However, there is opportunity to create datasets and
examine the collective action made possible by virtual environments and social
media and investigate whether beneficial community-level or national-level
knowledge is made possible by them. As more information becomes available,
researchers could examine the contribution to science literacy at multiple levels
and how such literacy becomes distributed.

2.3 To what degree are existing measures of science and health literacy asso-
ciated with knowledge about emerging issues? To answer this question, the
research community should continue to develop, test, and validate measure-
ment tools that assess science literacy and health literacy.

2.4 Given the complex, variable, and contingent nature of the situations in
which people develop and use science literacy, what new research tools are
needed to complement commonly used survey-based measures?

ISSUE 3: OTHER LITERACY SKILLS

Making progress toward understanding the constraints on and supports for
achieving adequate levels of science literacy requires understanding better the
relationships among science literacy, health literacy, and foundational literacy.
Foundational literacy encompasses the skills and capacities necessary to process
and be fluent in the use of words, language, numbers, and mathematics. The
committee recognizes that all other domains of literacy depend on foundational
literacy. New forms of domain literacy emerge when an individual or group
attempts to identify a particular set of knowledge or competencies as socially
important. Science literacy and health literacy have been the subject of con-
certed scholarly attention, albeit in separate research communities.

Health literacy appears closely related and somewhat overlapping with sci-
ence literacy since science content areas, such as biology or chemistry, are nec-
essary for understanding basic health concepts. One could envision that some
level of science literacy is essential for performing the knowledge, skills, and
fluency necessary to be health literate. However, there is relatively little empiri-
cal work explaining this relationship or analyzing the relationship between
science literacy and health-related behaviors.

3.1 What is the relationship among different types of literacies, including
foundational literacy, science literacy, and health literacy? Are there threshold
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levels of foundational literacy required for accessing health literacy or science
literacy? How do these different types of literacies relate to attitudes and
behaviors that are related to health and science?

Although it is rarely discussed in cross-national studies of science literacy,
there is often greater variation within a country than between countries. A
closer look at variation in the United States reveals stark disparities in knowl-
edge, access to knowledge, and access to systems (e.g., education, health care,
and justice) that enable people to interpret and act on the knowledge they have.
Research on stratification, variation, and disparities in science literacy is rare
and more work is needed to understand the association between differential
access and the development and use of science literacy. A thorough account of
disparities in science literacy cannot rely on individual measures alone; it must
examine the conditions that structure science literacy differently for different
groups of people, shaping how their understandings of science are developed
and deployed.

3.2 How is science literacy distributed within society, and what broader soci-
etal factors affect how people access, develop, and use science literacy? What
are the disparities in the distribution of science literacy associated with race,
ethnicity, gender, schooling, or geographic region? How might such disparities
be mitigated?

3.3 How can research measure science literacy and health literacy in the con-
text of the constraints that the broader social systems place on the individual
and communities, and the opportunities that those systems provide?

ISSUE 4: CITIZENS AS DECISION MAKERS

It is generally assumed that improving civic science literacy is a social good,
regardless of its effect on support for funding of scientific research. The value
of science literacy in societal systems such as the health care system, the justice
system, and the various systems of political participation, as well as the oppor-
tunities that these systems provide to develop science literacy, have not been
studied in sufficient detail. What is known, however, is sufficient to conclude
that different individuals and communities in a society need different levels of
science literacy at different times to accomplish their personal and civic goals.
More research is needed to better understand the role of science literacy for
citizens as decision makers and consumers of science.

4.1 Participation in particular social systems requires different, perhaps

deeper levels of science literacy. For example, citizens participating in the legal
system (judges, lawyers, jurors, plaintiffs, defendants) may require different
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understanding of scientific concepts for justice to be served. Research on sci-
ence literacy should also examine the particular demands of participation in
critical social systems. Where the legal system is concerned, it is particularly
important to know what fields of science are most frequently referenced in the
legal arena and what level of understanding of scientific principles, methodolo-
gies, and habits of mind are needed for the proper and equitable operation of
the justice system.

4.2 Many people not employed in science, technology, engineering, and math-
ematics (STEM) or STEM-related occupations nonetheless watch television
programs about science, read science magazines and books, frequent natural
history museums, participate in citizen science and other community science-
related activities, and in other ways appreciate science in the same way people
appreciate art, music, and literature. Is a higher level of knowledge about sci-
ence and its methodology associated with increased appreciation of science?
To what degree does taking advantage of opportunities to appreciate science
increase science literacy?

NEXT GENERATION OF RESEARCH ON SCIENCE LITERACY

This committee was asked to review existing research literature and metrics
on science literacy. Much of the current literature focuses on examining the
relationship between science knowledge and attitudes toward science using
data from large population surveys measuring individuals’ understanding of
and factual knowledge and scientific processes. Research on individual-level
science literacy provides invaluable insights, but on its own offers an incom-
plete account of the nature, development, distribution, and impacts of science
literacy within and across communities and societies.

The literature posits arguments both for individuals and societies on the
value of science literacy. However, the research community has yet to study in
sufficient detail the value of science literacy “in action” in society and within
societal systems and communities. Furthermore, the committee recognizes
that social systems such as the health care and education systems provide
opportunities to develop science literacy and that the structures within these
systems may enable or constrain the development of science literacy. These
ideas should be examined in depth, and investigations should pay particular
attention to impacts on different subgroups of the population. With new lines
of inquiry and development of a wider range of metrics, the complex nature of
science literacy may be better understood and put to use. With different levels
of analyses, the research community may discover important interconnections
between science literacy in society, in communities, and in individuals.
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Appendix A

Key Definitions and Statements about
Literacy, Numeracy, Science Literacy,
Health Literacy, and Health Numeracy

definitional statements about literacy, numeracy (quantitative literacy),

The five tables in this appendix detail the formal definitions and other

science literacy, health literacy, and health numeracy. The following acro-
nyms are used in the tables:

AAAS
ALL
AMA
HALS
IALS
IOM
NAAL
NALS
NCES
NRC
NSB
OECD
PIAAC

PISA
REALM

American Association for the Advancement of Science
Adult Literacy and Lifeskills Survey

American Medical Association

Health Activities Literacy Scale

International Adult Literacy Survey

Institute of Medicine

National Assessment of Adult Literacy

National Adult Literacy Survey

National Center for Education Statistics

National Research Council

National Science Board

Organisation for Economic Co-operation and Development
Program for the International Assessment of Adult
Competencies

Programme for International Student Assessment
Rapid Estimate of Adult Literacy in Medicine

S-TOFHLA Short Test of Functional Health Literacy in Adults
TOFHLA  Test of Functional Health Literacy in Adults

WHO

World Health Organization
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TABLE A-1 Literacy

Assessment/
Educational
Definition Source Standard

The active engagement of the reader in Snow (2002)
constructing meaning through the accurate and
fluent processing of text.

Using printed and written information to function  Kirsch et al. NALS 1992, TALS
in society, to achieve one’s goals, and to develop (1993), Kirsch 2001
one’s knowledge and potential. (2001)

How adults use printed and written information NCES (2003) NAAL 2003
to adequately function at home, in the workplace,

and in the community. Measures three types of

literacy—prose, document, and quantitative.

The knowledge and skills needed to understand NCES (2003)  ALL 2003-2008
and use information from text and other written
formats.

Reading literacy is understanding, using, reflecting ~ OECD (2009) PISA 2009
on and engaging with written texts, in order to

achieve one’s goals, to develop one’s knowledge

and potential, and to participate in society. There

are three broad aspect categories: (1) access and

retrieve, (2) integrate and interpret, (3) reflect and

evaluate.

Understanding, evaluating, using and engaging NCES (2012a) PIAAC 2012
with written text to participate in the society,

to achieve one’s goals and to develop one’s

knowledge and potential.

Definitions of literacy emphasize the active Snow (2016)
engagement of the reader in constructing meaning
through the accurate and fluent processing of text
and note that success at reading comprehension
depends on language skills and world knowledge
as well as on control over decoding processes.
Task or purpose for literacy use is at the center of
any interpretation of reader skill, with an emphasis
on the sociocultural context in which literacy
skills are deployed and the role of that context

in determining what constitutes adequate literacy
levels.
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Assessment/
Educational
Definition Source Standard
The knowledge and skills required to apply Kirsch et al. NALS 1992, TALS
arithmetic operations, either alone or sequentially, (1993), Kirsch 2001
to numbers embedded in printed materials, (2001)

such as balancing a check-book, figuring out a
tip, completing an order form, or determining
the amount of interest on a loan from an
advertisement,

To be numerate means to be competent, confident, ~ Coben (2000,
and comfortable with one’s judgements on whether ~ 2003)

to use mathematics in a particular situation and if

so, what mathematics to use, how to do it, what

degree of accuracy is appropriate, and what the

answer means in relation to the context.

A more comprehensive portrait of quantitative Steen (2001)
literacy includes (1) confidence with mathematics;
(2) cultural appreciation of mathematics; (3)
interpreting data; (4) logical thinking; (5) using
mathematics in making decisions in everyday life;
(6) using mathematics in specific settings; (7)
number sense; (8) practical skills in wide variety
of common situations; (9) prerequisite knowledge
(ability to use algebraic, geometric, and statistical
tools); (10) symbol sense (being comfortable with
algebraic and other mathematical symbols).

Numeracy is defined as the knowledge and skills NCES (2003)
required to manage mathematical demands of
diverse situations.

The components of numeracy are (1) context—the  Ginsburg et al.

use and purpose for which an adult takes on a (2006)
task with mathematics demands; (2) content—the
mathematical knowledge that is necessary for the

tasks confronted; and (3) cognitive and affective—

the processes that enable an individual to solve

problems and, thereby, link the content and the

context.

ALL 2003-2008

continued
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TABLE A-2 Continued

Assessment/
Educational
Definition Source Standard

Mathematical literacy is an individual’s capacity OECD (2012b) PISA 2012
to formulate, employ, and interpret mathematics

in a variety of contexts. It includes reasoning

mathematically and using mathematical concepts,

procedures, facts, and tools to describe, explain,

and predict phenomena. It assists individuals to

recognize the role that mathematics plays in the

world and to make the well-founded judgments

and decisions needed by constructive, engaged and

reflective citizens.

Numeracy is the ability to use, apply, interpret, Goodman et al. PIAAC 2013
and communicate mathematical information (2013), NCES

and ideas. It is an essential skill in an age when (2012a)

individuals encounter an increasing amount and

wide range of quantitative and mathematical

information in their daily lives. Numeracy is a skill

parallel to reading literacy, and it is important to

assess how these competencies interact, since they

are distributed differently across subgroups of the

population.

Numeracy is defined as the ability to access, NCES (2012a)  PIAAC 2012
use, interpret, and communicate mathematical

information and ideas, to engage in and manage

mathematical demands of a range of situations in

adult life.

Numeracy is defined as the ability to understand Peters (2012)
probabilistic and mathematical concepts.
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TABLE A-3 Science Literacy

Assessment/
Educational
Definition Source Standard

Attempts to define human values, to understand Hurd (1958)
the social, economic and political problems of our
times, or to validate educational objectives without
a consideration of modern science are unrealistic.
More than a casual acquaintance with scientific
forces and phenomena is essential for effective
citizenship today. Further efforts are required to
choose learning experiences that have a particular
value for the development of an appreciation

of science as an intellectual achievement, as a
procedure for exploration and discovery, and
which illustrate the spirit of scientific endeavor.

Scientific literacy involves (1) an understanding Pella et al.
of the basic concepts in science, The scientifically (1966)
literate individual presently is characterized as one

with and understanding of (a) the basic concepts

in science, (b) the nature of science, (c) the ethics

that control the scientist in his work, (d) the

interrelationships of science and society, (e) the
interrelationships of science and the humanities,

and (f) the differences between science and

technology.

Distinguish three forms of science literacy: Shen (1975a)
e practical (scientific and technical know-how
that can be immediately put to use to help
improve living standards)
e civic ([allows citizen to] participate more
fully in the democratic processes of an
increasingly technological society)
e cultural (motivated by a desire to know
something about science as a major human
achievement)

The science-literate person is one who: is aware Frank (1989)  AAAS Science for
that science, mathematics and technology are All Americans 1989
interdependent human enterprises with strengths

and limitations; understands key concepts and

principles of science; is familiar with the natural

world and recognizes both its diversity and unity;

and uses scientific knowledge and scientific ways

of thinking for individual and social purposes.

continued
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TABLE A-3 Continued

Assessment/
Educational
Definition Source Standard

Reasons to care about the public understanding Durant et al.
of science: (1) science is arguably the greatest (1989)
achievement of our culture, and people deserve to

know about it; (2) science affects everyone’s lives,

and people need to know about it; (3) many public

policy decisions involve science, and these can

only be genuinely democratic if they arise out of

informed public debate; and (4) science is publicly
supported, and such support is (or at least ought

to be) based on at least a minimal level of public
knowledge.

Four scales measuring (1) scientific interest, Bauer et al. Eurobarometer
(2) factual scientific knowledge, (3) general (1994) 1989

attitudes to science, and (4) support for European

Commission funded science.

An education in science should contain at least Norris (1995)
three components: (a) learning science (the

facts, laws, and theories of science); (b) learning
about science (the philosophical, historical, and
sociological foundations of science); and (c)
learning to live with science. Students should be
taught how to use criteria for judging experts:

the role and weight of consensus; the role and
weight of prestige in the scientific community;

the role and weight of publication and successful
competition for research grants; and so on...
students need practice in judging the credibility of
scientific experts. This practice should be based
on real-world problems that currently affect their
lives.
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Assessment/
Educational

Definition Source Standard

Scientific literacy is the knowledge and NRC (1996) National Science
understanding of scientific concepts and Education Standards

processes required for personal decision making, 1996
participation in civic and cultural affairs, and
economic productivity. Scientific literacy means
that a person can ask, find, or determine answers
to questions derived from curiosity about
everyday experiences. It means that a person

has the ability to describe, explain, and predict
natural phenomena. Scientific literacy entails
being able to read with understanding articles
about science in the popular press and to engage
in social conversation about the validity of the
conclusions. Scientific literacy implies that a
person can identify scientific issues underlying
national and local decisions and express positions
that are scientifically and technologically informed.
A literate citizen should be able to evaluate the
quality of scientific information on the basis of
its source and the methods used to generate it.
Scientific literacy also implies the capacity to
pose and evaluate arguments based on evidence
and to apply conclusions from such arguments
appropriately.

Individuals are scientifically and technically Fourez (1997)
literate: When their knowledge gives them a

certain autonomy (the possibility of negotiating

decisions without undue dependency with respect

to others, while confronted with natural or social

pressures; a certain capacity to communicate

(finding ways of getting one’s message across);

and some practical ways of coping with specific

situations and negotiating over outcomes.

The primary and explicit aim of the 5-16 science Millar and
curriculum should be: To provide a course which Osborne (1998)
can enhance ‘scientific literacy’ enabling students

to express an opinion on important social and

ethical issues with which they will increasingly be

confronted.
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TABLE A-3 Continued

Assessment/
Educational
Definition Source Standard

Since the 1950’s there have been a variety of goals ~ DeBoer (2000)
for teaching science and a wide range of meanings
of scientific literacy: (1) teaching and learning
about science as a cultural force in the modern
world; (2) preparation for the world of work;

(3) teaching and learning about science that has
direct application to everyday living; (4) teaching
students to be informed citizens; (5) learning
about science as a particular way of examining
the natural world; (6) understanding reports and
discussions of science that appear in the popular
media; (7) learning about science for its aesthetic
appeal; (8) preparing citizens who are sympathetic
to science; and (9) understanding the nature and
importance of technology and the relationship
between technology and science.

The types of knowledge needed to engage in Ryder (2001)
science in contemporary societies by individuals

who are not professionally involved in science:

(1) subject matter knowledge, (2) collecting and

evaluating data, (3) interpreting data, (4) modeling

in science, (5) uncertainty in science, and (6)

science communication in the public domain.

Reading and writing when the content is science Norris and

is the fundamental sense of scientific literacy, Phillips (2003)
and being knowledgeable, learned, and educated

in science is the derived sense. Scientific

literacy comprises both the concepts, skills,

understandings, and values generalizable to all

reading, and knowledge of the substantive content

of science.

A scientifically literate citizen needs to have (1) a Miller (2004)
basic vocabulary of scientific terms and constructs,

and (2) a general understanding of the nature

of scientific inquiry. The level of understanding

needed for scientific literacy needs to be sufficient

to read and comprehend the Tuesday science

section of The New York Times.
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TABLE A-3 Continued

Assessment/
Educational
Definition Source Standard

Scientific literacy refers to four interrelated Bybee et al. PISA 2006
features that involve an individual’s: (1) scientific (2009), OECD
knowledge and use of that knowledge to identify (2006)
questions, acquire new knowledge, explain

scientific phenomena and draw evidence-based

conclusions about science-related issues; (2)

understanding of the characteristic features

of science as a form of human knowledge and

enquiry; (3) awareness of how science and

technology shape our material, intellectual, and

cultural environments; and (4) willingness to

engage in science-related issues and with the

ideas of science, as a constructive, concerned, and

reflective citizen.

Indicators of science literacy are (1) a good NSB Science
understanding of basic scientific terms, concepts, & Engineering
and facts, (2) an ability to comprehend how Indicators 2010
science generates and assesses evidence, and (3) a

capacity to distinguish science from pseudoscience.

Scientific literacy refers to an individual’s: (1) OECD (2012a) PISA 2012
scientific knowledge and use of that knowledge

to identify questions, acquire new knowledge,
explain scientific phenomena and draw evidence-
based conclusions about science-related issues;

(2) understanding of the characteristic features

of science as a form of human knowledge and
enquiry; (3) awareness of how science and
technology shape our material, intellectual and
cultural environments; and (4) willingness to
engage in science-related issues, and with the ideas
of science, as a reflective citizen.

continued
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TABLE A-3 Continued

Assessment/
Educational
Definition Source Standard

By the end of the 12th grade, students should NRC (2012) A Framework
have gained sufficient knowledge of the practices, for K-12 Science
crosscutting concepts, and core ideas of science Education
and engineering to engage in public discussions

on science-related issues, to be critical consumers

of scientific information related to their everyday

lives, and to continue to learn about science

throughout their lives. They should come to

appreciate that science and the current scientific

understanding of the world are the result of many

hundreds of years of creative human endeavor. It

is especially important to note that the above goals

are for all students, not just those who pursue

careers in science, engineering, or technology or

those who continue on to higher education.

The outcomes of scientific literacy can be Norris et al.
categorized into three categories of values (2014)
regarding (1) the states of knowing one might

obtain, (2) the capacities one might refine, and (3)

the personal traits one might develop.

Scientific literacy is the ability to engage with Koeppen et al. PISA 2015
science-related issues, and with the ideas of (2008), OECD
science, as a reflective citizen. A scientifically (2013) (draft)
literate person, therefore, is willing to engage in
reasoned discourse about science and technology
which requires the competencies to:
1. Explain phenomena scientifically:
e Recognize, offer and evaluate explanations
for a range of natural and technological
phenomena
2. Evaluate and design scientific enquiry:
e Describe and appraise scientific
investigations and propose ways of
addressing questions scientifically
3. Interpret data and evidence scientifically:
e Analyse and evaluate data, claims and
arguments in a variety of representations and
draw appropriate scientific conclusions

Key indicators of Americans’ attitudes about NSB (2016) Science &

and understanding of science and technology Engineering
are (1) interest in new scientific discoveries, (2) Indicators 2016
basic scientific knowledge, (3) belief that science

creates opportunity, (4) confidence in the scientific

community, and (5) support for science funding.
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TABLE A-4 Health Literacy

Assessment/
Educational
Definition Source Standard
Health literacy represents the cognitive and social WHO (1998)
skills which determine the motivation and ability
of individuals to gain access to, understand, and
use information in ways which promote and
maintain good health. By improving people’s
access to health information, and their capacity
to use it effectively, health literacy is critical to
empowerment. Health literacy is itself dependent
upon more general levels of literacy. Poor literacy
can affect people’s health directly by limiting their
personal, social and cultural development, as well
as hindering the development of health literacy.
Health literacy is a constellation of skills, AMA (1999), REALM 1993,
including the ability to perform basic reading Davis et al. TOFHLA 1995,
and numerical tasks required to function in the (1993), Parker S-TOFHLA 1999
healthcare environment. Patients with adequate et al. (1995),
health literacy can read, understand, and act on Baker et al.
health care information. (1999)
Assessment of various health-related activities Rudd et al. HALS 2004
from NALS 1992 and IALS 1994-1998 literacy (2004)

surveys: 1) health promotion, 2) health protection,
3) disease prevention, 4) health care and
maintenance, and 5) systems navigation.

Health literacy is the degree to which individuals IOM (2004), NAAL 2003,

can obtain, process and understand the basic Weiss et al. Newest Vital Sign
health information and services they need to make  (2005) 2005

appropriate health decisions. But health literacy

goes beyond the individual. It also depends upon

the skills, preferences, and expectations of health

information and care providers: our doctors;

nurses; administrators; home health workers; the

media; and many others.

The wide range of skills, and competencies that Zarcadoolas et
people develop to seek out, comprehend, evaluate al. (2005)

and use health information and concepts to make

informed choices, reduce health risks and increase

quality of life.
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TABLE A-4 Continued

Assessment/
Educational
Definition Source Standard

Health literacy goes beyond a narrow concept WHO (2009)
of health education and individual behavior-

oriented communication, and addresses the

environmental, political and social factors that

determine health. Health education, in this more

comprehensive understanding, aims to influence

not only individual lifestyle decisions, but also

raises awareness of the determinants of health, and

encourages individual and collective actions which

may lead to a modification of these determinants.

A more comprehensive definition of health literacy =~ Rudd et al.
must include both the abilities of individuals and (2012)

the characteristics of professionals and institutions

that support or that may inhibit individual or

community action.

Health literacy is linked to literacy and entails Serensen et al. European

people’s knowledge, motivation and competences (2012, 2015),  Health Literacy

to access, understand, appraise, and apply health Pelikan et al.  Questionnaire 2012
information in order to make judgments and take (2012)

decisions in everyday life concerning healthcare,

disease prevention and health promotion to

maintain or improve quality of life during the life

course.
Components of a definition of health literacy Pleasant et al.
should include (1) system demands and (2016)

complexities as well as individual skills and
abilities; (2) measurable components, processes,
and outcomes; (3) potential for an analysis of
change; and (4) demonstrate linkage between
informed decisions and action.
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TABLE A-5 Health Numeracy

Assessment/
Educational
Definition Source Standard
Health numeracy is the degree to which Golbeck et al.
individuals have the capacity to access, process, (2005)

interpret, communicate, and act on numerical,
quantitative, graphical, biostatistical, and
probabilistic health information needed to make
effective decisions.

Productive health information use results from the ~ Ancker and
interplay between the quantitative competencies Kaufman (2007)
of the patient (health numeracy), the properties

of the artifacts that mediate health cognition

(information design), and the communication skills

of the health-care provider.
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Biographical Sketches of
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CATHERINE SNOW (Chair) is Patricia Albjerg Graham professor of educa-
tion at the Harvard Graduate School of Education. Her work has been devoted
to language and literacy development in children, focusing on how oral lan-
guage skills are acquired and how they relate to literacy outcomes. Her research
activities include a longitudinal study of language and literacy skills among
low-income children who have been followed for 15 years since age 3; following
the language development of young children participating in the Early Head
Start intervention; studying the vocabulary development of first- and second-
language learners; and considering aspects of transfer from first to second
language in the domains of language and literacy. She has also been involved in
work to develop consensus among teacher educators about what pre- and in-
service elementary teachers need to know about language and literacy, as well as
bilingualism and its relation to language policy issues. She is currently involved
in efforts to improve middle-school literacy outcomes in partnership with the
Boston Public Schools. She has a B.A. from Oberlin College in psychology and
an M.A. and a Ph. D. in psychology from McGill University.

NICK ALLUM is professor of sociology at the University of Essex, where he
directs the masters in science program in survey methods. His research encom-
passes survey methodology, public understanding of science, social and political
trust, and risk perception. He currently serves as the general secretary for the
European Survey Research Association, and previously served on the National
Science Foundation’s expert panel on science literacy indicators. He has previ-
ously also worked as a statistical consultant for the Pew Research Center, as
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well as performing survey design work for the United Kingdom’s Department
of Media Culture and Sport. He has a B.A. in political economy from the Uni-
versity of East London, an M.Sc. in social research methods from the London
School of Economics, and a Ph.D. in social psychology at the London School
of Economics.
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Law and Justice in the Division of Behavioral and Social Sciences and Educa-
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justice, forensic science, illicit markets, and policing. Previously, she worked
with the Committee on Human Rights of the National Academy of Sciences,
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ence and human rights issues. She has a B.A. and an M.A. in history from the
University of Missouri, and she is pursuing a J.D. at the David A. Clarke School
of Law of the University of the District of Columbia.

JOHN BESLEY is an associate professor and Ellis N. Brand chair in the
Department of Advertising and Public Relations at the College of Communi-
cation Arts and Sciences at Michigan State University. He studies how views
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eration of both mediated exposure through newspapers, television programs,
and web content and public engagement exercises (e.g., public meetings).
His work explores the relationships between media use, public engagement,
and health and environmental risk perceptions. His research has touched on
public perceptions of nanotechnology, biotechnology, and energy technologies
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been involved in research into journalistic norms related to coverage of public
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University in Canada and a Ph.D. in communications from Cornell University.
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former board member of the International Network of Public Communication
of Science and Technology. Her work focuses on questions related to public
understanding of science, with a specific emphasis on public opinion dynamics
related to controversial scientific issues. She teaches courses in strategic commu-
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nication theory and research, with a focus on science and risk communication.
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College and a Ph.D. in education policy from Michigan State University.

NOAH WEETH FEINSTEIN is associate professor in the Department of
Curriculum and Instruction in the School of Education at the University of
Wisconsin—Madison. His work explores the value of science in the social and
political lives of nonscientists, including identifying and investigating the social
mechanisms through which scientific institutions and practices can make soci-
eties more, rather than less, democratic. His current projects focus on public
engagement with science among parents of recently diagnosed autistic children,
the contribution of learning to climate change adaptation, the impact of chang-
ing scientific practices on scientists’ outreach, and the need for museums and
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has a B.A. in biological sciences from Harvard University, an M.S. in biologi-
cal sciences and neural development, and a Ph.D. in science education from
Stanford University.

S. JAMES GATES, Jt., is a university system regents professor, the John S. Toll
professor of physics, and director of the Center for String and Particle Theory,
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Council of Advisors on Science and Technology, and on the Maryland Board of
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Academy of Arts and Sciences, and the American Philosophical Society. He is a
fellow of the American Physics Society, American Association for the Advance-
ment of Science, National Society of Black Physicists, and British Institute of
Physics and a member of the board of trustees of the Society for Science & the
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Public and the board of advisors for the U.S. Department of Energy’s Fermi
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computing and networking technology to teaching and learning, applied cogni-
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from the University of California, Berkeley.
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a member of the National Academy of Medicine. She is a fellow of the Ameri-
can Association for the Advancement of Science and a fellow of the American
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ics learning in early childhood. She also coauthored two award-winning books
for practitioners that translate findings of Academies’ reports for a broader
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