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Public engagement with a problem or an issue relative to science (PEP/IS) is
suggested as an alternative and complementary model for understanding
the communicative effectiveness of science. PEP/IS is conceptualized as the
process of individual and collective problem solving in relation to science
and exemplified with South Korean exploratory data. Finally, further steps
for improving PEP/IS and related research capability are suggested with
communicative effectiveness being anticipated.
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S cientific knowledge and its applications are exploding. They represent
significant evidence of human civilization, especially the progress of the
20th century. It has been argued that we should understand science and appre-
ciate its value so that we might attain a citizenry of the age of science (Cohen
1952). There is a sense that everyone should learn about science—somehow.
Educational and awareness initiatives to produce learning, flourish around the
world (Schiele 1994). However, public knowledge about science, its
processes and products, is lacking. Is understanding of science also lacking?
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288  Science Communication

Science learning programs typically take the point of view of a message
sender (scientist, teacher, or journalist) and the perspective of learning theory
(McGuire 1985). Message receivers are conceived of as attending with inter-
est to the message, comprehending its content, and then—perhaps—adopting
a positive attitude toward science that will be reflected in subsequent actions.
This is the dominant communication strategy and the reigning behavioral
theory (e.g., Bauer, Durant, and Evans 1994).

The communication strategy and behavioral theory are incomplete. Public
science—relevant communication is not limited to receiving messages from or
about the science establishment. And message receivers do more than learn.
They form impressions, for example, and may use them (as understandings)
as a basis for action. Also, those impressions may not have their origin in
received messages. Problems may evoke them, as people look about for solu-
tions (and may have an exaggerated notion of science’s ability to furnish
them). Conversation with others, perhaps those facing the same problem,
adds more to the communication picture, and inevitably to related behaviors
(other than learning).

In all this—impressions and learning, problems encountered, collective
behavior—we see a complement to the message and/or learning picture of
the public’s understanding of science. And we see the need for a model that
conveys these additional considerations, which adds to our conceptions of
public and understanding.

In principle, we can not avoid facing problems as long as we live in this
“indeterminate” universe. To survive in it, we must engage with the most
urgent problems by starting to transform them into problematic situations
and trying to solve them (Dewey 1938). Some problems, unemployment for
example, are more individual, whereas others, global warming for example,
are more collective. A problem such as the energy shortage can be either,
depending on what persons see about it. If they see it relative to paying the
sharply increased gasoline price, it might be an individual’s problem; if
they see it relative to lack of the world’s fossil fuel resources, it might be a
collective problem.

Solving the problem of energy shortage could bring up the issue of con-
structing a nuclear power plant, which also tends to engage us highly.
However, the issue usually pertains to controversy over solutions to the
problem rather than the problem itself (Carter, Stamm, and Heintz-Knowles
1992; Kim, Carter, and Stamm 1996). So, we might get to engage by review
with the initial problem of energy shortage via the issue, given more infor-
mative communication.

Whatever (individual or collective) problematic situation we begin to
engage with, the process of problem solving is not simple from problem
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definition to solution. We often leave the problematic situation without
paying further attention to it, trying to define it, and/or making efforts to
construct its solution. The full process of engagement for problem solving
is enormously demanding. If the problem is collective, problem solving
needs collective engagement. Thus, we see the importance of the process of
engagement behavior.

Science seems to lend itself to problem solving. For example, the prob-
lem of energy shortage seems to need scientific knowledge and research
from many disciplines (e.g., physical, environmental, and economic sci-
ences) to define the problem and construct its solution. Here, we look at
how the public is likely to relate to science, that is, the potential of public
engagement with a problem or an issue relative to science (PEP/IS). This
view may shed new light on how to improve communicative effectiveness
of science. It may also explain why “direct” dissemination of scientific
information to the public struggles to improve public understanding of
science (PUS) or scientific literacy, which is the traditional criterion for
science communication with the public.

First, we review how PUS, the traditional perspective, has been treated
in previous studies. Second, we explicate PEP/IS conceptually. Third, we
illustrate how PEP/IS has guided a survey in South Korea. Finally, we sug-
gest some practical steps to take in accomplishing PEP/IS, mainly in regard
to communicative effectiveness.

PUS Reconsidered

The dominant concept of PUS takes basically the information provider’s
point of view, according to Kim et al. (1996). It concerns the scientist’s suf-
ficiency of scientific knowledge relative to the public’s deficiency of it.
This is also called the deficit model: that the public lacks scientific knowl-
edge and appreciation (Wynne 1991; Ziman 1991). The public is implicitly
expected to equip itself with scientific literacy, the major components of
which are a basic scientific vocabulary, and some level of understanding of
scientific methodology and of scientific (and technological) impacts on
society (Miller 1983). These are assumed to be useful and necessary for a
citizen to cope with daily life in modern society, mainly for decision
making (e.g., on policy issues), rather than problem solving, by individual
or collective means. Thus, the flow of scientific information will be basi-
cally unidirectional from the scientist to the public, which is illustrated in
Figure 1 as the unidirectional information flow model.

Downloaded from http:/scx.sagepub.com at SOGANG UNIV on February 28, 2007
© 2007 SAGE Publications. All rights reserved. Not for commercial use or unauthorized
distribution.


http://scx.sagepub.com

290  Science Communication

Figure 1
The Unidirectional Information Flow Model

Mediators

Scientists ﬁ2 >—> Public

The information flow from scientists to the mediators (Path 1a), mainly the
mass media, has been studied mostly in terms of media portrayals of science.
Nelkin (1995), for example, argued that the American press showed a remark-
able consistency in portraying science as magic, as a revolution, and as a solu-
tion. Also, Dunwoody (1986) found the media much less critical in their
coverage of science than in coverage of other topics, perhaps because of their
dependence on one another and scientists as their information sources. Science
coverage in newspapers has steadily increased but not changed much in terms
of content. Content is mostly health-related topics, with some natural sciences
(Pellechia 1997). Typically, coverage is bits and pieces, lacking methodological
details and contextual factors (Burnham 1987; Evans et al. 1990), perhaps
because media aim to “celebrate” scientific findings with “wonder and appli-
cation appeals” while their sources aim to “validate” their observations of
“facts” (Fahnestock 1993, 20). Yet scientists often deeply deplore inaccurate or
omitted media coverage of science (Pulford 1976; Tankard and Ryan 1974).

Information flow from the mediators, mainly mass media, to the public
(Path 1b) stipulates that the public can and does consume key content in
media portrayals of science and technology ... somehow. This content
includes knowledge of and attitudes toward science and technology. Studies
show that print media are the major source of the public’s health informa-
tion (Meissner, Potosky, and Convissor 1992) and appreciation of energy
conservation (McLeod, Glynn, and Griffin 1987). Television, newspaper,
and interpersonal channels contribute positively to understanding of global
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warming causes, effects, and solutions, but each to understanding of a dif-
ferent aspect (Stamm, Clark, and Eblacas 2000). Nisbet et al.’s (2002)
analysis of the National Science Board’s (NSB) Science and Engineering
Indicators 1999 report finds that viewers of television, unlike readers of
newspapers, have lesser knowledge of and greater reservations about
science. And the NSB’s 2004 report (National Science Board 2004) shows
that the American public continues to learn about the latest developments
in science and technology primarily from television (44 percent), with print
media (16 percent), and the Internet (9 percent) far behind. Irrespective of
a particular medium’s role, the public’s exposure to science and technology
through mass media is still assumed to be quite omnipotent, directly
enhancing much knowledge of and positive attitudes toward science and
technology (Miller 1986, 2004; Nelkin 1995). However, as we review
below, there is little evidence to support this assumption.

The failure of the expected effects from unidirectional information flow
through mediators has led, out of desperation, to “direct” efforts to diffuse
scientific information to the public (Path 2). Numerous initiatives to facilitate
that flow have been introduced by scientific communities, governments, par-
liaments, nongovernmental organizations (NGOs), and lay publics in Europe
and the United States (Clark and Illman 2001; Edwards 2004). Recently a
new term civic scientist has arisen on the political agenda, courtesy of for-
mer U.S. President Bill Clinton’s science advisor Neal Lane (1999). He
asked scientists to step into their communities to engage in active commu-
nication with citizens so that those citizens might know and appreciate
science better.

This path was initiated in the United Kingdom as early as 1985. The Royal
Society published a report titled The Public Understanding of Science, in
which it stressed that the public’s scientific ignorance might arouse fear and
disfavor of science (Bodmer 1985). The report’s outcome was the creation of
COPUS, a tripartite committee from the Royal Society, the Royal Institution,
and the British Association for the Advancement of Science, which focused
on improving public understanding of scientific efforts. Ten years later, a
U.K. Office of Science and Technology report went further, strongly recom-
mending that scientists should specify their past and future communication
activities with the public in their research proposals to get public funds
(Wolfendale 1995). Fifteen years after the Bodmer report, the U.K. House of
Lords (2000) report, Science and Society, continued to call for more dialogue,
discussion, and debate between scientists and the public. Finally, more than
one half of British scientists were found to have participated in at least one
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activity a year to communicate their research to the nonscientist public
(Wellcome Trust 2001).

In spite of many efforts to bring scientists and the public closer together
via communication, mediated or not, unidirectional information flow seems
inadequate or incomplete for the problem (Miller 2001). The measurement
of PUS began to be conducted as early as 1958 by the University of
Michigan Institute for Social Research, and from 1973 and regularly from
1979 with Jon Miller’s efforts by the U.S. National Science Board under the
name of Science Indicators (later: and Engineering). And it was also assim-
ilated into the U.K. survey in 1988 (Durant, Evans, and Thomas 1989), and
thereafter in Eurobarometer surveys. However, their findings continue to
show the “deficit model” to apply: The public has a low level of under-
standing of science.

The typical PUS measurement consists of three major sectors: the public’s
interest in science; the public’s knowledge of scientific content (vocabulary,
concepts, and methods); and the public’s attitudes toward science in general,
the impacts of science, the scientific community itself, or a policy issue
regarding science (Bauer et al. 1994; Miller 1998, 2004; Pardo and Calvo
2002). This measurement approach corresponds with a tradition in social
science research on learning that posits a correlation among interest, knowl-
edge, and attitude (e.g., Petty, Ostrom, and Brock 1981; Taylor 1998).
However, PUS studies have usually found high interest and low knowledge,
along with varied attitudes: “curvilinear” attitudes (Bauer et al. 1994, 180),
“chaotic” attitudes (Durant et al. 2000, 149), or “ambivalent or critical” atti-
tudes (Pardo and Calvo 2002, 157) in relation with knowledge.

How low is knowledge? The proportion of scientifically literate adults has
been estimated at twelve percent (1995) for the United States, ten percent
(1992) for Britain, eight percent (1992) for Denmark and the Netherlands,
five percent (1992) for the European Union, four percent (1989) for Canada,
and only three percent (1991) for Japan (Miller 1998; Miller and Pardo
2000). According to Miller’s (2004) recent analysis, it now reaches seventeen
percent (1999) for the United States, mainly due to a general expansion of
college education and its science courses. Still, only 13 percent of adults
knew that a molecule is composed of atoms, even though both are popular
journalistic terms. However, Americans had very high interest in scientific
discoveries and new technologies, highly positive attitudes toward science,
strong support for the government’s investment in basic research, and high
regard for the scientific community.

These irregular, and unexpected, relationships among interest, knowledge,
and attitude bring the theory and methods of PUS communication and assess-
ment into question. PUS researchers, however, seem to hold to the belief that
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the basic concepts and their relationships are still valid, despite invalidating
observations. Factor analysis shows that the items used to survey the public
were found to share no significant dimension. As one possible solution, Pardo
and Calvo (2002) argued that new items should be systematically introduced
to obtain internal consistency of their constructs. Alternative PUS measures
were suggested to include knowledge of the activities of the scientific insti-
tution such as teamwork, mutual criticism and checking of scientists, atti-
tudes toward the nature (independence, autonomy, objectivity, policy
neutrality, etc.) of science, trust in science, and efficacy on science policy, or
even political knowledge (Bauer, Petkova, and Boyadjieva 2000; Kallerud
and Ramberg 2002; Sturgis and Allum 2004).

No matter how we measure the traditional PUS notion, the findings
seem to cast doubt on our expectation of effective unidirectional informa-
tion flow from scientists to the public, and thus of more effective commu-
nication about science. If so, we might need to question the applicability of
the concepts of interest, knowledge, and attitude, and of their hypothesized
relationships, which for so long have been assumed to describe and direct
human behavior.

Conceptualizing PEP/IS

The bulk of research on PUS seems to have taken the traditional defini-
tions of the public, understanding, and science; that is, the public was con-
sidered mostly as the aggregate of people, whether the attentive (interested
and informed) public or the interested (but uninformed) one for scientific
matters (Miller 1986); understanding primarily as knowledge preceded by
interest and followed by attitude; science as scientific vocabulary, concepts,
methods, impacts on society, policy issues, or even the scientists as work-
ers. It is clear that we need to attempt a new broader conceptualization of
those concepts, as we try to produce a new measurement tool.

The first concept that we should review from PUS is understanding
because the others relate to it. Typically the concept of understanding is
viewed as a product of behavior rather than as a process of it. Its usual mea-
surement components, especially knowledge and attitude, are observed as
postcommunication products, whether through mediators or directly from
scientists. If defined as something else, understanding ends up seen as inter-
pretation, various and often imprecise. Thus the question remains: What is
the process?

In fact, PUS researchers have already raised the need to focus on the
behavioral process involved in understanding. Miller (1998) urged us “to
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Figure 2
A Processual Model of Behavior

Exposing |—>| Focusing Attention |—>| Cognizing |—>| Moving |

learn more about the magnitude and dynamics of these [PUS measures]
adult learning processes” (p. 221). Bauer et al. (1994) consider “the mode
and the intensity of public debate” (p. 181) as crucial mediators. Ziman
(1991) pointed out that “scientific knowledge is not received impersonally,
as the product of disembodied expertise, but comes as part of life” (p. 104).
Michael (1992), Irwin and Wynne (1996), and Wynne (1991, 1993, 1995),
critical of traditional PUS research that “decontextualizes” the public’s
understanding, have argued that the public is highly reflexive, negotiatory,
constructive, and reconstructive of science, based on its usefulness in con-
text, not just taking what science imposes irrespective of social institutional
factors. They stressed the public’s “reflexivity” in every context but do not
show its clear (e.g., sequential) structure. Emphases on process and poten-
tially significant circumstances do not get us into explicating the process
itself conceptually, however.

The concept of “engagement” in PEP/IS brings us closer to a perspective
on behavioral process. It starts by taking the public’s point of view (e.g., the
information consumer’s—but not solely as a communication receiver). This
contrasts with the information producer’s point of view, on which is based our
traditional notion of science popularization, scientific literacy, or public
understanding of science. Prewitt (1983) said that “the public probably knows
more about science than scientists know about the public” (p. 63). Kim et al.
(1996) considered PEP/IS to be the key to explicating the public’s relation-
ship with people, institutions, and policies of science.

Explicating the concept of engagement gets a hand from Carter’s
(1990a, 1990b, 2003) behavioral theory. It posits that behavior as process
has a structure of its own, independent of, but interdependent with, a body.
We can speak of the molecular structure of a behavioral step just as we can
of a body. Behavior’s molecular structure consists of various modes of
relating, which would help us to specify what engagement might comprise.

A simple model of behavior’s structural features (relatings) consists of four
basic act components in sequence (Carter 1990a; Kim 2003), as in Figure 2.

Engagement could, but might not, carry on all the way through the
sequence of those acts. For example, we make a minimal engagement
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through exposing ourselves to the environs. Further engagement takes place
when we focus our attention on something in particular, which may or may
not lead to cognizing (thinking).' Moves may or may not take us further
into engagement. Full engagement is difficult for communicators to accom-
plish by themselves, however much they achieve exposure and focal atten-
tion to many (scientific) things. People think whatever they want to think
about whatever they want to do. Then there are a variety of barriers, from
timidity and ignorance to taxing and threatening circumstances, which
stand in the way of productive moves.

A personal history of engagement can be quite a bit more complex, as cog-
nitions along with memory come to affect later exposure and focal attention—
as well as moves. Also, engagement has quality and quantity. An important
part of that quality is whether it comes about with other members of the public,
as it might by conversation or discussion, such that coexposure, cofocal atten-
tion, and others are not mere aggregate notions, but collective ones.

The difficulty of engagement is deplored in many arenas. For example,
Paisley (1998) identified at least forty-five topical literacies in journals,
including sexual or historical literacy and computer or statistical literacy.
They all claim a share of public attention and understanding. Bennet (1998)
pointed out the sharp decrease of civic engagement with institutional poli-
tics, notably elections. He attributed it to increased economic pressure and
individualized lifestyles, whereas Cappella and Jamieson (1997) saw it as
due to media cynicism toward government and politics.

Constructivism in education typically reflects students’ difficulty of engage-
ment in learning, especially of science and mathematics (Matthews 2000;
Phillips 2000). For example, a constructivist perspective suggests a “problem-
centered learning” model in which a task regarding science or mathematics is
faced by student groups and solved by their cooperative communication under
a teacher’s minimal facilitation (Wheatley 1991). All this seems to imply the
importance of engagement but fails to show the process of it.

The second concept that we should review is public. It is, first of all,
ambiguous. It might indicate an aggregate of individuals, a collectivity con-
cerned with a common problem, or a collectivity concerned with a common
issue. The first, an aggregate of individuals, is our ordinary (and dictionary)
meaning of public. The second and third collectivities differ because they
presage the possibility, if not the existence, of people coming together in
their relating to scientific matters. Indeed, in the collectivity cases, engage-
ment to produce the collectivity itself has to occur along with, if not before,
engagement with their concerns. That is to say, a sequence of coexposing,
cofocusing attention, cocognizing, and comoving, which is an extension of

Downloaded from http:/scx.sagepub.com at SOGANG UNIV on February 28, 2007
© 2007 SAGE Publications. All rights reserved. Not for commercial use or unauthorized
distribution.


http://scx.sagepub.com

296  Science Communication

Figure 2, might produce a certain level of collectivity and of collective
engagement (Kim 1999, 2003).

Mass media seem to be quite effective for coexposing, less so for our
cofocusing attention. Yet Chaffee and Schleuder (1986) found that media
“exposure” does not increase knowledge; however, media “attention” does
help it a lot. When the media are effective in bringing about cofocused
attention to a common problem, as for example, the war in Iraq, we begin
to see collective engagement with that agenda, a variety of cognitions, and
some moves being made. However, this is a scattering of engagements,
even on events of great importance.

The public is clearly not a monolithic behavioral entity, so we had best
start with engagement as an individual challenge and take it from there,
keeping in mind the potential for two kinds of collectivities. Constituting an
engaged public will differ according to whether there is a common problem
or a common issue. Cognizing, especially, will differ. “Issues” usually
imply alternatives, and decision making. “Problems” might not have any
solutions (hence alternatives) yet. Relevant communication must take note.
Engagement may already be farther down the road for issues than for prob-
lems. Purely informative content could well be lost on those dealing with
issues. Partisanship, re issues, puts people on the move.

The frequent mention of the issue-oriented public as an ideal collectiv-
ity (Blumer 1966; Carey 1995), and in conjunction with the concept of the
public sphere (Habermas 1992), seems to be inferior to a problem-solving
public that involves collective constructive engagement for problem solv-
ing (Kim 2003). However, in any case, it becomes important to construct
the public as a collectivity, not an aggregate.

Third, we should review the concept of science. It looks too broad and
abstract to secure validity. Just what is the public supposed to relate to? An
establishment? A method? Only rarely might the public try to be directly
engaged, possibly only if pressed to take a test in school. And in that case,
public understanding of science may be an impossible communication goal
in the first place. This seems to require us to look for a different direction for
engagement relative to science, to come back to a behavioral perspective tak-
ing the public’s point of view. We might better ask: How and how far can we
take individual and collective engagement with respect to science?

Problem solving is supposed to be the most prominent and basic condi-
tion for all kinds of life to survive and advance in this indeterminate, par-
tially ordered world (Carter 2003; Dewey 1938). As we face a problem, we
must engage with it. When we are exposed to many problems at a time as
in our daily life, we must select the most urgent one, focus our attention on
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it (Carter et al. 1973), think about it, and make moves to solve it. Similar
engagement can apply to issues, whose resolving might best be pursued by
first reviewing the problem solving that has got us this far. Premature deci-
sion making is all too frequent.

Engagement with problems or issues looks to be a good bet to bring
about engagement with science because ordinary persons or society tend to
consider and (currently) demand science as providing practical or useful
benefits via problem solving (see Lubchenco 1998; Pielke and Byerly
1998). Michael (1992) and Wynne (1989) showed that a public’s problem-
atic situation makes a difference in that public’s engaging with science. For
example, UK Cumbria sheep farming after the Chernobyl fallout was found
to let those farmers be highly engaged (reflexively) with scientific knowl-
edge in their problem-solving context. However, citizens volunteering in a
radon survey for the home rarely engaged with science. The so-called
science shop activity in which the university helps community problem
solving was also found to be productive, as the university and the lay com-
munities could reformulate the latter’s original problem into a shared prob-
lematic situation (Irwin 1995; Zaal and Leydesdorff 1987). Recently, Karl
and Turner’s (2002), Lee and Roth’s (2003), and Roth and Lee’s (2002)
studies show that community engagement with local problems (e.g., on
creek watersheds) could be critical to bringing collaborative problem solv-
ing with relevant scientists. In short, Grote and Dierkes’s (2000) critique of
traditional PUS points out that “it is the contexts of use that enable a public
to take an active part in constructing the relevance of science and technol-
ogy and in using them” (p. 354).

The act of cognizing in the process of engagement is particularly pertinent
because one of its functions is to produce an idea via relating (Carter 1978;
Carter and Stamm 1993, 1994; Kim 1986). Relating a problem or an issue to
science should be a central act of cognitive engagement. This kind of cog-
nizing seems to be the key to producing a useful level of public understand-
ing of science. It provides identification and attributions of significance. If we
have not succeeded in this engagement act of cognizing, beyond the prior acts
of exposing and focusing attention, we may have accomplished nothing of
PUS—unless it be by accident.

The PUS knowledge-attitude view rests on learning as the dominant
behavioral process for achieving understanding and support. However, the
major cognitive product of this newly conceptualized PEP/IS is likely to be
closer to an “impression” of science. This impression, if it is not merely
identificatory, originates from its consequentiality as seen by the public
(Carter et al. 1992).
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The impression, an idea, consists of an association between science and
some other element(s) evoked in relation to it. The element could be an
object, attribute, or value that the public relates to science. The relation for
constituting the association can be inside-outside (e.g., spatial, logical
inclusion), before-after (e.g., temporal, sequential, logical sufficiency),
similarity (e.g., equal), or difference (e.g., opposition), to take the most
common cognitive relations that contribute to making ideas (Carter 1992;
Carter et al. 1992; Kim, Choi, and Jung 2000; Kim, Hong, and Park 2003).

This impression, an ideational product, differs from knowledge, attitude,
and image that neglect our self-informing or self-instructing capability. It is
often spontaneous; being consequential it will be salient; it is very situa-
tional; and, it is quite capable of eliciting and directing a move.

Using this conceptualization, Kim et al. (1996) constructed and experi-
mentally tested the new PEP/IS model of measuring the public’s engage-
ment with problems and issues relative to science in Seoul, South Korea,
and in Seattle, Washington, United States. Then, Kim, Lee, and Hong
(2002) and Kim, Park, Park, and Hong (2003) conducted two further
national surveys of Korean adults (in 2001) and Korean youths (in 2003) for
suggesting policy implications to improve PEP/IS in Korea via commu-
nicative effectiveness. This article covers part of those results.

Measures of PEP/IS

To demonstrate an alternative and a complement to traditional PUS mea-
surement, we have extracted parts of two national surveys done with adults
and youths in South Korea.> We see how differently and how far Korean
youths and adults took (or could take) individual or collective engagement
with major social problems or issues® relative to science. We explore the
following three questions:

1. Do Korean youths and adults have the same kinds and levels of “attention-
focused” engagement with major social problems or issues? Might they
develop a collective public by cofocusing attention on the same problems
or issues?

2. Do Korean youths and adults advance to “cocognizing” engagement with
the same problems or issues on which they respectively cofocused atten-
tion? Do problems or issues on which they cofocus attention match those
which they think science should solve or resolve?
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3. What impressions do Korean youths and adults hold of science as a prod-
uct of past engagement? Do those impressions reflect a product consis-
tent with our PEP/IS model?

To answer those questions, we present, first, measures of the public’s
engagement in relation to science, and then, its impressions of science.
These measures should show the state and potentiality of PEP/IS in South
Korea, and, above all, suggest how to improve communicative effectiveness
for PEP/IS.

To find the level of individual engagement for the aggregate public,
we asked each youth or adult to check three “personally” most important
problems (A in Table 1). To find the level of collective engagement, we
asked each youth or adult to check those problems she or he thinks are
“socially” serious (B in Table 1). And, we tried to find “potential” engage-
ment by asking what problems need more attention (C in Table 1). Finally,
we asked each youth or adult to check those problems she or he thinks are
up to science to solve (D in Table 1). We might need to note especially the
top three percentages (shaded) in each column of the table (and the follow-
ing tables)—problems that bring about or could bring about engagement.

We found that a little more than ten percent of the Korean population,
youths and adults, are likely to engage with major social problems, individu-
ally or collectively (Table 1: 1st row). However, youths and adults show quite
different problems in their engagement. For individual engagement, the youths
are most engaged with the problems of global warming, the college entrance
exam system, and war, whereas the adults are most engaged with the problems
of unemployment, elderly citizen support, and inflation (A in Table 1). For
collective engagement, the youths are more into corruption, the rich-poor gap,
labor-management conflict, and political unrest at the social level, whereas
the adults are more into unemployment, corruption, and the recession (B in
Table 1). This shows that the youths tend to quite individually engage with
some global problems such as global warming and war and to collectively
engage with economic and political problems, whereas the adults tend to indi-
vidually and collectively engage mainly with economic problems.

For potential engagement with problems that need more attention, the
youths and the adults seem ready to cofocus on such problems as the energy
shortage, water pollution, and global warming (C in Table 1). This suggests
that some problems are likely to establish a national collective public,
young and old, as they develop into hot agenda items. Of course, the adults
continue to need more attention on the problems of elderly citizen support
and unemployment.
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Table 1
Public Engagement with Problems Relative to Science
(each cell a simple deviation from the corresponding
total mean on the first row)

D. Upto
A. Personal-  B. Social- C. Need More  Science
Important® Serious® Attention® to Solve®
Problem Youth Adult Youth Adult Youth Adult Youth Adult
Total mean (%)° 11.1 102 11.1 103 137 176 147 168
Private information leak (%) 3.6 6.5 29 -1.8 =35 2.1 6.8 75
Recession 3.1 10.4 7.6 159 -5 3.1 -11.7 -85
Transportation problem -2.1 8.7 -3 47 -39 7.1 115 8.0
Elderly citizen support -84 121 -56 135 -15 149 -72 -95
Climate change 04 49 -54 -84 5.8 50 121 215
Corruption 44 1.7 151 16.6 -4 47 -134 -124
Inflation 24 112 -18 40 54 -8 -102 -122
Water pollution 2.7 -8 -4 -16 111 7.1  31.1 255
AIDS -33 -83 46 -79 41 40 301 131
Rich-poor gap 8.6 54 104 104 5.0 57 -112 -114
Educational expenses -4 53 -9 -9 89 -64 -13.0 -13.1
Energy shortage 47 -39 -9 38 193 128 445 334
College entrance exam 9.4 -2 14 -28 1.1 45 -134 -12.7
Child and/or spouse abuse -21 53 -61 -7.1 -65 -65 -13.5 -13.7
Global warming 9.7 29 22 47 198 40 331 276
Regional prejudice -78 49 48 -9 97 59 -129 -125
Housing price jump -38 -19 -18 -66 -95 -86 -124 -13.6
Terrorism -64 -70 -53 1.6 52 45 92 -74
Teen prostitution NA -24 NA 108 NA 5.2 NA -134
Unemployment NA 128 NA 220 NA 11.1 NA -8.1
Cancer NA 26 NA 66 NA -35 NA 232
Adult diseases NA 44 NA 71 NA -65 NA 75
Overdiet NA 59 NA 83 NA -l11.6 NA -69
Species extinction NA -68 NA -8.1 NA 1.6 NA 9.6
Japan’s history distortion NA -32 NA 1.8 NA 20 NA -129
Red and/or green tide NA 99 NA 94 NA -86 NA 119
Health insurance crisis NA -17 NA 50 NA -60 NA -12.2
Information gap NA -32 NA -79 NA 40 NA 4.8
Teen pregnancy NA -66 NA 37 NA -4 NA -12.0
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Table 1 (continued)

D. Upto

A. Personal-  B. Social- C. Need More  Science

Important® Serious® Attention® to Solve®

Problem Youth Adult Youth Adult Youth Adult Youth Adult
Juvenile delinquency 4.7 NA -19 NA 3.1 NA -139 NA
Racial discrimination -2.3 NA 41 NA 0.0 NA -122 NA
Severe acute respiratory -64 NA -64 NA 30 NA 303 NA
syndrome

Gender discrimination -1.4 NA 41 NA -32 NA -119 NA
Labor-management conflict 5.3 NA 8.1 NA -65 NA -13.5 NA
North Korea’s nuke 24 NA 36 NA -1.7  NA -1.0 NA
War 94 NA 69 NA 9.1 NA -57 NA
Internet misuse -33 NA 51 NA -34 NA -5 NA
Political unrest 2.6 NA 76 NA -47 NA -132 NA

a. Three responses.

b. Multiple responses.

c. Total mean (%) = (the total sum of responses per problem) / (the number of problems x the
number of youth or adult respondents) x 100. NA = not applicable

For “cocognizing” engagement that relates problem solving to science,
we found that youths and adults see major potential engagement in the
problems of energy shortage, global warming, and water pollution (D in
Table 1). On the other hand, we found some mismatches of engagement
between respondents’ individual- or social-engaged problems and what
they see as problems needing solutions from “science.” This seems to indi-
cate limited relevance of science and/or lack of communicative effective-
ness in making known scientific contributions to solving those problems.

Also, we measured collective engagement with controversial issues that
might have brought about the public’s coexposure and cofocused attention,
thus engagement with them (Table 2). To find the level of the Korean public’s
cocognizing engagement with issues,* we asked each youth or adult to check
those issues that she or he thought are up to science to resolve (A in Table 2).
And, to find potential engagement, we asked each youth and adult to check
those issues she or he thought need more attention (B in Table 2) and those
which scientists should play a greater role in resolving (C in Table 2).

We found the Korean public (12.7 to 22.6 percent) to show larger co-
cognizing engagement and potential engagement with issues than with
problems (10.2 to 17.6 percent). And, medical-related issues seem to bring
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Table 2
Public Engagement with Issues Relative to Science (each cell
a simple deviation from the total mean on the first row)

A. Up to C. Need
Science to B. Need More Scientists’
Resolve* Attention® More Role*
Issue Youth  Adult  Youth  Adult Youth  Adult
Total mean (%)° 18.5 200 226 22.0 13.7 12.7
New family headship system (%) -14.3 -146 438 -4.8 -11.5  -10.3
Cloning research limit 38.7 36.8 429 17.5 52.1 37.0
Animal experiments 24.8 31.5 -1 -9.0 12.5 13.7
Euthanasia 2.5 12.0 4.1 7.0 -1.0 6.5
Homosexual’s an.dlor 238 81 4.4 48 34 57
transsexual’s rights
Sunshine policy to North Korea -15.8 -140 -119 -3.2 -11.4 93
Abortion -3.7 -3.7 1.9 1.2 4.2 .6
National security law NA -154 NA -8.2 NA -10.0
Cremation site NA -7.2 NA -5.9 NA -6.9
Five-day-per-week work system NA -6.1 NA 2.6 NA -7.3
Publ.ic disclosure. of sexual NA _115 NA 7.0 NA _86
misconduct with teen
Government workers union -17.0 NA -18.1 NA -11.5 NA
New educational information 22 NA -8.4 NA —4.5 NA
system
U.S. forces evacuation -12.3 NA -2.8 NA -10.9 NA
Continuation of land reclamation 2.2 NA -6.9 NA -5.2 NA

by drainage

a. Multiple responses.
b. Total mean (%) = (the total sum of responses per issue) / (the number of issues x the
number of youth or adult respondents) x 100.

about more public engagement. The issues of cloning research limit, animal
experiments, and euthanasia are most likely to be seen as up to science to
resolve by the youths and the adults (A in Table 2).

For potential engagement with issues that need more attention generally
and those needing a greater role for scientists, youths and adults seem pre-
pared to get into the issues of cloning research limit and euthanasia (B and
C in Table 2). However, for the issue of animal experiments, the youths and
the adults seem to yield resolving it to science. They, themselves, do not
need to cofocus attention on it. Instead, the youths seem to need cofocused

Downloaded from http:/scx.sagepub.com at SOGANG UNIV on February 28, 2007
© 2007 SAGE Publications. All rights reserved. Not for commercial use or unauthorized
distribution.


http://scx.sagepub.com

Kim / Communicative Effectiveness 303

attention more on the issue of homosexual’s and/or transsexual’s rights,
whereas the adults do more on the issue of public disclosure of sexual
misconduct with teens. Neither sees scientists needing to play a greater role
in resolving these two issues.

Overall, we see that the Korean youths and adults are likely to make
cocognizing engagement relative to science primarily with only a few medical-
related issues, and much less with other major social issues. If behavioral
and social sciences are addressing these issues (they may not be) the news
is not getting to the public or perhaps the public does not identify those dis-
ciplines as science.

Nonetheless, the public must have continued, at least sporadically, to
relate science to many other problems or issues in their past life. So, we
tried to obtain their impressions of science by asking each person what
word first comes to mind as she or he hears the word science,” and how the
word associate (element) relates to science, that is, which one of six cog-
nitive relations is used: (a) it is a part of science, or (b) science is a part of
it (inside-outside); (c) it is a consequence of science, or (d) science is a con-
sequence of it (before-after); (e) it and science are the same thing, or (f) it
is not science (similarity vs. difference).

‘We found the top three categories of impression elements evoked in relation
to science to be scientific products (26.5 percent; e.g., computers, electric
devices, transportation), research activities (17.3 percent; e.g., experiment,
microscope, laboratory), and evaluative attributes (12.5 percent; e.g., good, use-
ful, difficult, complex) (Table 3).

Of special interest, the adults’ scientific products as elements are about
three times more than the youths’, whereas the youths’ research activities
and evaluative attributes are greater than those of the adults. Also, the adults
are more impressed by scientific consequences (10.5 percent; e.g., devel-
opment, civilization, life quality), whereas the youths are more impressed
by research objects (12.3 percent; e.g., space, planet, life).

What is noteworthy here is that vocabulary (e.g., DNA, molecule, muta-
tion), nature of science (e.g., objectivity, creativity, accuracy), and definition
of science (e.g., discovery, inquiry, proof) are negligible—this despite the sci-
entific establishment’s concern to broaden the public’s knowledge of them
under the traditional PUS model.

Evaluative attributes (12.5 percent; e.g., good, useful, difficult, com-
plex), germane to PUS’s concern for public attitudes, are not considerable.
Nor are they given as much emphasis by adults as by youths.

Science does do well in the public’s impressions if we look at the relations
used in making their impressions (Table 4). It stands outside (the first relation:
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Table 3

Elements Used in Impressions of Science (%, frequency)
Category Youth Adult Sum
Scientific products 13.6% (82) 39.6% (233) 26.5% (315)
Research activities 21.8 (131) 12.6 (74) 17.3 (205)
Research objects 12.3 (74) 7.8 (46) 10.1 (120)
Areas 10.6 (64) 7.0 (41) 8.8 (105)
Scientific consequences 8.0 (48) 10.5 (62) 9.3 (110)
Evaluative attributes 18.8 (112) 6.3 (37) 12.5 (149)
Education related 74 3.1 (18) 1.9 (22)
Nature of science 3.0 (18) 2.4 (14) 2.7 (32)
Definition of science 1.8 (11) 2.2 (13) 2.0 (24)
Vocabulary 1.509) 1.0 (6) 1.3 (15)
Media related S53) 1.0 (6) .8(9)
Life related 2.0 (12) 9 (5) 1.4 (17)
International context 312 7 4) .5 (6)
Others 1.7 (10) 3(2) 1.0 (12)
None 3(2) 2(1) 303)
Don’t know 7(4) 1.509) 1.1 (13)
No response 2.3 (14) 2.9 (17) 2.6 (31)
Total 100% (600) 100% (588) 100% (1,188)

x=161.8, df =16, p < .001.

33.9 percent; other things are a part of science), it stands before (the third rela-
tion: 23.1 percent; other things are in consequence of science).

The first relation implies some authority of science, in that science
embraces an evoked element inside, perhaps being capable of controlling it;
the third relation implies some strength of science because science con-
tributes to an evoked element. (The second and the fourth relations imply
the opposites.) Thus, we can obtain a “power ratio” for science, indicating
relative consequentiality of science, dividing the first and third relations by
the second and fourth relations (Carter and Stamm 1993; Clark 1998). The
youths (power ratio of 3.22) and the adults (power ratio of 3.47) seem to
consider science very consequential, the adults a little more than the youths.

We also found similarity, the fifth relation, to be highly used (19.8 per-
cent). Is science all that well understood if so much is merely synonymous
with it?
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Table 4

Relations Used in Making Impressions of Science (%, frequency)
Relation Youth Adult Sum
It is a part of science 36.7% (220) 31.1% (183) 33.9% (403)
Science is a part of it 8.8 (53) 8.3 (49) 8.6 (102)
It is a consequence of science 21.3 (128) 25.0 (147) 23.1 (275)
Science is a consequence of it 9.2 (55) 7.8 (46) 8.5 (101)
It and science are the same thing 18.3 (110) 21.3 (125) 19.8 (235)
It is not science 3.7 (22) 3.7 (22) 3.7 (44)
No response 2.0 (12) 2.7 (16) 2.4 (28)
Total 100% (600) 100% (588) 100% (1188)

v =7.1,df =6, ns.

Summary and Conclusion

We have explored Korean youth and adult individual and collective
engagement with problems or issues relative to science, and their impres-
sions of science.

For engagement relative to science, we found that the youths and the
adults are quite different in their respective individual engagement but are
likely to progress into a collective public by cofocusing attention on eco-
nomic problems. Also, both seem ready to progress into a national collec-
tive public if such problems as the energy shortage, water pollution, and
global warming develop into pressing agenda items. This attention seems to
enable such a public to step forward to a more thoughtful engagement with
“science.”

Nevertheless, we found that Korean youths and adults do not complete the
full behavioral process of individual or collective engagement with science in
regard to almost every major problem. This is also found to be the case for
most social issues, with the exception of medical instances, such as limiting
cloning research, which have already achieved high cofocused attention.
Despite incomplete (or lack of any) engagement with major problems and
issues relative to science, the Korean public hold impressions of science that
imply its consequentiality.

This new conceptualization of PEP/IS highlights the difference between
a quantitative public and a qualitative public. The former, the aggregate
public, stresses how many persons are somehow involved with a problem
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or an issue, whereas the latter, the collective public, stresses what problem
or issue brings, or might bring, together persons into a collectivity. The lat-
ter enables collective problem solving or collective issue resolution whose
process consists of coexposing, cofocusing attention, cocognizing and/or
comoving. Minimally, it can result in the sharing of an agenda, preventing
the too frequent loss of collective cognitive capability for problem solving
or issue resolution. At best it might even produce a unity, that is, a collec-
tively constructed solution plus a collective resolution to move together
toward it, a great asset for challenging current and future problems or issues
(Kim 2003). If we disregard the “quality” of engagement we are as likely
to produce further problems as to solve the ones we already have.

However, this PEP/IS is not easy to achieve. We often see a public end up
only cofocusing attention on a problem or issue, as in mass media’s agenda
setting. Then, without adequate cocognizing, the public may be forced to pre-
mature comoving, threatened by partisanship (as in voting). We can be
greatly frustrated and sharply divided by such incomplete collective
processes. Thus, we need to heed communicative effectiveness, to see if
communication is helpful to achieve cofocused attention on a problem or
issue, to realize cocognition relative to science, and to direct comoving to the
cognized end. For example, communication that essentially functions as
information exchange rather than persuasion (see Kim 1986) might be more
effective.

At this point, we can suggest some practical steps to take in accomplish-
ing PEP/IS. First, we need to effectively communicate our (shared or to be
shared) problems, for instance, energy shortage as a potentially salient col-
lective problem shown in our data, so as to develop that cofocusing (a.k.a.
agenda) by which a collective public begins to arise. Second, we need to
effectively communicate all of the problem’s relevance—and relevance of
issues that have arisen in regard to that problem—to science’s solving or
resolving capability. These look quite feasible and have the potential to
develop the Korean public into a constructive problem-solving collectivity
(on energy shortage) relative to science. Such effective communicating tells
the importance of relevant communication in “content” and “timing” to
enable the sequential respective acts of coexposing, cofocusing attention,
cocognizing, and comoving.

Third, to achieve the above communicative effectiveness better, we need
to establish a more genuine sense of scientific communities, one in which
science tries to help produce collective publics, to lead in the process of
full collective engagement. To do so, scientists need to consider questions
about what science can contribute to problem solving, not just questions of
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scientific (factual) puzzles. Scientists, natural and social, need to get into
problem solving together, and with the public, because there emerge many
collective problems (e.g., population overgrowth, global warming, atomic
war) that technology simply cannot solve (see Crowe 1969). The danger of
the cultural divide between the public and scientists seems to exist in their
not having a “joint” problem-solving and issue-resolving capability, not in
the wide, but artifactual, gap of scientific literacy between them.

These possible steps could bring about more salient and constructive
impressions regarding the “consequentiality” of science. Although we have
already seen some of this as a product of the public’s past, occasional, and
informal relationships with science (its impressions), much of significance
remains to be done. For example, improved impressions might induce more
talented youths into science careers, where shortages grow imminent and des-
perate (e.g., Broad 2004, for the United States; Kim, Hong, and Park 2003, for
Korea). Prevailing modes of science communication such as science journal-
ism, science exhibits, science festivals, and even science education need to be
no less concerned with communicative effectiveness for PEP/IS than with
whatever responsibility that science feels to report to the public.

Finally, we need to improve survey research by using relatively consis-
tent problems and issues across youths and adults, years, and nations, to
enable comparative analysis. We need to develop indexes and more refined
statistical analysis for precise interpretation of current PEP/IS, to suggest
where we should try to improve communication. What new communicative
strategies could help? What science could best be used to help communi-
cation in accomplishing PEP/IS? Would an interdisciplinary approach be
needed to make all of this work? Above all, we need to conduct research
utilizing this new PEP/IS model and the traditional PUS one so their
respective contributions to communicative effectiveness of science can be
discerned.

This PEP/IS conceptualization and its exploratory data analysis turn our
focus toward theoretical and methodological considerations in the public’s per-
spective, as a complement to PUS measurements in the scientist’s perspective.

Notes

1. The partial order condition under which we as humans operate (Carter 1990b; Dewey
1938) requires more of minding than learning. Collisions exemplify our minding needs: expos-
ing to any and all possible collisions, focusing attention for collisions to be avoided or arranged,
cognizing to relate something to something else. In this latter regard, cognizing (or thinking) is
more than having acquaintance or knowledge (its historic meanings); it is called on to observe
and make use of discrepancies, to provide ideational implication for behavioral guidance (by
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using a variety of relations and element types), to assess behavioral outcomes (e.g., feelings), and
to dynamically distinguish and balance sometimes-competing behavioral conditions (e.g., wants
vs. needs, agreement vs. understanding, economy vs. polity). Communicating helps cognizing
provide implication—and instruction—where there is none given, by providing signification to
which cognizing’s relatings can add implicatory content (Carter in press). Traditional concep-
tions of cognition (as acquaintance, recognition, knowledge, and/or thought; e.g., Sternberg
1999) do not afford a complete and accurate assessment of our need for, and capabilities devel-
oped for, cognizing’s contributions to minding.

2. We nationally sampled 600 adults at age 20 years or older (based on the 2000 census
data) and 600 youths (based on the 2003 Education Ministry Statistics) from the second year
of middle school to the sophomore year of college, by the multistage stratified sampling
design. Then, we conducted a face-to-face survey for obtaining 588 adult respondents and 600
youth respondents (202 for middle school, 197 for high school, and 201 for college).

3. We sampled highly publicized social problems and issues, steady or current, from South
Korea’s major print media to establish “minimal engagement.” After pretests, we assumed that
people were very likely to have been “exposed” to those selected “problems” and even to have
advanced to “focusing attention” on those selected (highly controversial) “issues.” The differ-
ence between the 2001 survey for adults and the 2003 survey for youths produces those NA
(not applicable) cells in the subsequent data tables.

4. A few issues seem to need some description: The new family headship system pertains
to opening the headship to a female or a single family, whereas the previous system based on
the Confucian tradition requires a family to be headed by a male elder for keeping the family
tree; the five-day-per-week work system pertains to applying it immediately in all public and
private levels; and, the new educational information system pertains to putting together all
students’ information in one single system, which might contribute to efficient management of
students’ education or endangerment of students’ privacy.

5. This was asked as an open-ended question. To explore the full range for impressions of
science, the author and a research assistant screened all responses, carefully formed many sub-
categories, and then those final categories shown in Table 3. These categories would be use-
able for future research’s intercoder reliability. Here, agreement was reached on everything.
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