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Abstract. The purpose of this study was to explore the elementary students’ perceptions of Earth systems and
environmental issues. A survey was conducted to determine the students’ perceptions on the following aveas: (1) the
concepts of certainty and tangibility, (2) self-reported knowledge level, (3) perceived danger level of selected eight Earth
systems and environmental issues, and (4) their primary information source on these issues. Results indicated that ozone
hole, acid rain, El Nifio, and global warming were identified by the students as uncertain and intangible issues. Perceived
certainty and perceived tangibility were highly positively correlated with self-reported knowledge compared to other
relationships. The results also showed that learning from school was the most frequent information source for
environmental issues. The second most frequently used source of information was television among several mass media
sources. It is hoped that this study contributes to understanding the elementary school students’ perceptions toward the

selected FEarth systems and environmental issues.
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Infroduction

Over the past decades, advanced technology and
scientific research data (e.g., satellite images) have
led to tremendous understandings of planet Earth
and reinterpretation of the emerging environmental
issues (Mackenzie, 1998). For example, Global Climate
Change (GCC), often characterized as “global warming,”
has become one of the emerging environmental
issues of the new 21" century around the world.
The basic premise of the issue is “that increased
anthropogenic contributions of greenhouse gases are
changing Earth’s atmospheric composition to the
point at which global systems stand to be noticeably
altered” (Fortner et al., 2000). Peoples as a part of
our environment are contributing to significant
global climate changes on the Earth through our
economic and technological activities. Therefore, it
is very clear that people need to know about the
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emerging environmental issues for the new century.
Even though education about such a major issue
is of considerable importance and significance, two
new concerns have emerged in the recent research
in environmental education, that is, the scientific
uncertainty and the intangibility of the environmental
issues. The first concern is ‘scientific uncertainty’
that may lead to misconception of the issues. Several
studies of students’ understanding of the issues (e.g.,
global warming) showed that students who hold
more uncertain knowledge and informal information
have misconceptions (Boyes and Stanisstreet, 1992,
1998; Stanisstreet and Boyes, 1996; Gowda et al,
1997). Scientific uncertainty about climate change
has been a key bamier to establish a social
consensus and policy on this issue compared to
other environmental issues (Lee and Fortner, 2000).
According to Gallup (1997), public opinions from
survey indicated that a majority of people believed
that global warming poses a serious threat to their
life or the next generation of Americans in their
lifetime. In addition, about one-half of the people
surveyed think that global warming has already
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begun to happen (41%). However, 38% of the
public surveyed said they did not understand the
global warming issue at all. This survey pointed out
that even though people are very concerned about
the global warming issue, they are not highly
informed about it. In fact, scientific uncertainty
about global warming is significant enough to
warrant educating the public for understanding and
responsible environmental behavior.

The other concern described in the literature is an
intangibility of environmental issues. Mason and
Santi (1998) described global warming as “a very
large-scale effect whose nature is intangible; thus,
the children could not have any empirical evidence
of the phenomenon. In that way, they would face it
only at a linguistic level”. Every phenomenon involves
a level of tangibility. However, this global climate
change issue is difficult to be perceived by people’s
five senses. Boyes and Stanissireet (1992) described
that this issue is “imperceptible” to high school
students, and therefore, “effectively abstract in
nature”.

The students of today not only face these emerging
Earth systems and environmental issues, but they
have a certain level of uncertainty and intangibility
of those issues. Lee and Fortner (2000) attempted to
compare and classify ten selected environmental
issues by adults’ perceptions of their concepts of
certainty and tangibility. Their results indicated that
the most uncertain issue was global warming, and
the most certain issues were air pollution and acid
rain. The most tangible issues were air pollution
and El Nifio, and the most intangible ones were
ozone depletion and global warming, On the basis
of their research ideas, this study is trying to classify
the selected Earth systems and environmental topics
by young students’ perceptions of their concepts of
certainty and tangibility.

This study is designed to explore elementary
students’ perceived certainty and tangibility, self-
reported knowledge level, and perceived danger level
of the selected 8 Earth systems and environmental
issues, and their primary information source on

these issues. The questions are as follows:

1.How well can Earth systems and environmental
issues be understood by using the -elementary
students’ perceived certainty and tangibility?

2. What are the elementary students’ self-reported
knowledge levels, perceived danger levels regarding
the selected Earth systems and environmental issues?

3.How do elementary students’ perceptions of the
Earth Systems and environmental issues differ by
gender?

4, What are the correlations among students’ self-
reported knowledge and perceived danger levels,
perceived cerfainty and perceived tangibility toward
environmental issues?

5. What is the information source about environmental
issues mostly used by elementary students?

Definition of terms

The operational definitions shown here are
meanings specific to this study.

Perceived Certainty: The perceived certainty can
be defined as an observer’s perception of the extent
to which a thing or phenomenon can be described,
predicted, and controlled based on empirical or
experimental evidence. For instance, to accurately
describe the movement of air appears more uncertain
than to describe the movement of a train (Lee,
2000).

Perceived Tangibility: The perceived tangibility
can be defined as an observer’s perception of the
extent to which a thing or phenomenon can be
perceived by human sensory organs in daily life,
ie., see, feel, hear, etc. For instance, stones and
trees can be perceived as more tangible than air and
virus. But, when you can see a virus by using a
microscope, the virus that was intangible to the

naked eye becomes more tangible (Lee, 2000).

Method

Sample
Since this study was an exploratory study, we
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were not attempting to generalize our findings of
this study. Therefore, the sampling method used was
one of convenience. The sample consisted of 94
elementary students, 11-12 years of age, drawn from
one elementary school (Language Arts and Computer
Magnet School) located in a large metropolitan area
in the northeastern United States. This school
provides computers with internet access and printers
for student use and a resource library. The
classrooms setting in which all instruction takes
place is modern and well equipped. There were 46

male students (49%) and 48 female students (51%).

Instrument

The paper-and pencil questionnaire was developed
and consisted of 8 Earth systems and environmental
issues based on literature reviews: Acid rain, air
pollution, El Nifio, global warming, oil spills, ozone
hole, trash disposal, and water pollution (Lee, 2000;
Lee and Fortner, 2000; Riechard and McGarrity,
1994; Riechard and Peterson, 1998). The concepts of
perceived certainty and tangibility were adopted from
two previous studies (Lee, 2000; Lee and Fortner
2000). In order to establish content validity, the
following approaches were applied in this survey.
The instrument was reviewed and assessed by a
small group of experts who consisted of two
professors, five doctoral students, and one master
student who are studying environmental education and
communication. Specifically, review and assessment
were performed with three elementary teachers both
during and after the development of the instrument.
For readability at the elementary level, they
provided very useful suggestions and comments. All
advice and comments were reflected in the content
of the nstruments.

A pilot test was administered to 20 fifth graders.
The major observed problem was that the concept
of certainty and tangibility was a little difficuit to
understand at the elementary level. Therefore, the
following statements were used to explain terms
(e.g. certainty and tangibility) and describe directions
for students. During the second trial, we found that

the students responded more clearly.

For the next question, the words, certainty and
tangibility are defined below. You may refer to
these definitions for answering the questions on
the next page.

1. Certainty means how well you understand
something that can be described, predicted, and
controlled. For example, you can be more certain
about the movement of a train than about the
movement of air. Certainty can change over time
as we learn more about a subject or find ways to
study it. Please, tell us how sure or how certain
you are about understanding the environmental
issues.

2. Tangibility means how well you understand
something that can be perceived by the five
senses, that is, by seeing, hearing, smelling,
tasting and touching. For example, you can
know about stones and trees because they can be
understood using your five senses. They are items
that are more tangible than items such as air or
a virus. However, you can see a virus by using a
microscope. Then the virus that was intangible to
the naked eye becomes tangible. The tangibility
of something also can change over time. Please,
tell us how well you can sense the following
environmental issues, that is, how tangible they
are.

The questionnaire was divided into four sections.
The first section of the questionnaire included a
place for subjects to specify gender and favorite
school subject. The second section included items
that were intended to measure how certain elementary
students were about their knowledge of the issues
and the tangibility of the issues. For ecach item,
there was a Likert-type rating scale of 1-6 (e.g., for
tangibility section, 1=very hard to sense it, 6 = very
easy to sense it). The third section of the questionnaire
consisted of items to assess the degree of a student’s
perceived knowledge and their perception of the
amount of danger associated with 8 selected issues.
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There was also the same rating scale of 1-6 (e.g,
for danger section, 1=very safe, 6=very dangerous).
The final section contained eight information sources
to ascertain students’ most available source on each
of the Earth systems and environmental issues.
Finally, Cronbach’s alpha was used to determine the
reliability of the instrument. Cronbach’s alpha score
(:87) addressed that the instrument obtained moderately
high reliability.

Procedure

The questionnaires were distributed and the
directions and terms were read aloud and explained
for students. Students completed the questionnaires
in their own classrooms (most students took between
15 and 20min). Students were encouraged to ask
questions about directions and words that they did
not understand.

The computer program, Statistical Program for the
Social Sciences (SPSS Ver. 11.5 for MS Windows)
was utilized for statistical analyses. Descriptive
statistics were first used to describe, analyze, and
interpret the data that have been collected from the
subjects in this survey. For the question 3, each
student’s response of each item was recorded, and
the ratings were summed to four total mean scores
on each section (e.g, self-reported knowledge,
perceived danger, perceived certainty and tangibility).

Multivariate Analyses of Variance (MANOVA)
was conducted for the following four sets derived
from the survey: Perceived certainty, perceived
tangibility, self-reported knowledge, and perceived
levels. When MANOVA result was
significant at a 95% confidence level, the follow-up

danger

t-tests were conducted to determine any significant
differences in the four total mean scores toward the
issues between males and females. Significance was
determined at the 95% confidence level (o= 0.05).
In addition, correlation tests (Pearson product-
moment correlation technique =7, with at least 95%
confidence level) were calculated among variables
that were pertinent to the research question 4.
Frequency and percentage distributions for the

research question 5 were used to describe students’
most frequent source of information on Earth
systems and environmental issues.

Results

Question One: Perceived certainty and fangibifity

As mentioned above, the perceived certainty and
perceived  tangibility were wused to classify
environmental issues in a previous study conducted
by Lee and Fortner (2000). Their subjects were 90
college students (64 undergraduates and 26
graduates), whereas, this survey employed the
perceived certainty and tangibility into elementary
level students. The 8 Earth systems and environmental
issues were classified using the perceived certainty
and perceived tangibility mean scores (Fig. 1).
According to Lee and Fortner (2000), environmental
issues were classified into four groups: certain-
tangible (CT) group, uncertain-tangible (UT) group,
certain-intangible (CI) group and uncertain-intangible
(UD group. In contrast, all 8 issues in this study
could be grouped into two categories: certain-
tangible (CT) group and uncertain-intangible (UT)
group (Fig. 1). For example, the right-upper quadrant
of the chart represents the certain-tangible group.
The lefi-lower quadrant means the uncertain-
intangible group. Earth systems and environmental
issues belonging to CT group were air pollution,
endangered species, oil spills, trash disposal, and
water pollution. In contrast, acid rain, El Nifio,
global warming, and ozone hole were classified into
UI group.

More precisely, air pollution (M=4.77, SD=132),
water pollution (M=4.67, SD=1.35), and trash
disposal (M =4.59, SD=1.40) were perceived to be
most certain (sure). However, the subjects perceived
El Nifio (M=2.83, SD=1.79), acid rain (M=2.93,
SD =1.57), and ozone hole (M=3.31, SD=1.62) to
be most uncertain (unsure).

With regard to the perceived tangibility, the subjects
responded that trash disposal (M =4.73, SD=1.37),
water pollution (M =4.63, SD=1.33), and oil spills
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Fig. 1. Classification of eight environmental issues by perceived certainty and perceived tangibility.

(M=459, SD=146) were very easy to semnse,
whereas ozone hole (M=245, SD=148), global
warming (M =2.89, SD=1.54), and acid rain M=
4.18, SD=1.57) were perceived to be most intangible
by the clementary students.

As can be seen in Fig. 1, some interesting
findings were observed in the elementary students’
perceived certainty and tangibility. The students
reported very low certainty and tangibility levels for
global environmental issues related Earth systems
and environmental issues (e.g, El Nifio, global
warming, and ozone hole). It appeared that the
clementary students perceived themselves to be
uncertain and intangible about the global environmental
problems.

Question Two: Self-reported knowledge and
Perceived danger levels

In the third section of the survey, items assess the
degree of a student’s self-reported knowledge and
perceived danger level associated with the 8 selected
Earth systems and environmental issues. In relation
to students’ self-reported knowledge level, the
students reported themselves most knowledgeable of
trash disposal (M =4.89), air pollution (M=4.78)
and water pollution M=4.70). Acid rain (M=
2.74), and El Nifio (M =2.79) were perceived to be
least familiar by the subjects.

From the subjects’ point of view, the most
dangerous environmental issues were water pollution
(M=5.04), and air pollution (M=4.89). Least

Table 1. Mean score and standard deviation of students’ self-reported knowledge and perceived danger levels toward the 8 issues

Rank order  Items of self-reported knowledge levels M SD Items of perceived danger levels M SD
1 Trash Disposat 489" 129 Water Pollution 5047 101
2 Air Pollution 4.78 1.18 Air Pollution 4.89 1.04
3 Water Pollution 4.70 125 Ozone Hole 4.66 1.28
4 Oil Spills 439 1.30 Oil Spills 4.54 1.43
5 Global Warming 3.73 1.54 Acid Rain 4.16 1.29
6 Ozone Hole 3.38 1.44 Global Warming 3.94 1.27
7 El Nifio 2.79 1.72 Trash Disposal 3.88 1.36
8 Acid Rain 274 1.37 El Nifio 3.34 1.49

+: Scores were measured with a 6-point scale where 1 means not at all and 6 means very knowledgeable.
++: Scores were measured with a 6-point scale where 1 means very safe and 6 means very dangerous.



710 Hyonyong Lee and Rosarne W. Fortner

Table 2. Perceived certainty and tangibility, self-reported
knowledge, and perceived danger levels of the 8 selected
Earth systems and environmental issues between gender

Gender
Male Female t-value
Mean (SD)  Mean (SD)
Perceived Certainty 413 (0.70) 445 (0.65) -229

Perceived Tangibility 3.80 (0.94)
Self-reported Knowledge 3.92 (0.83)
Perceived Danger 4.02 (0.69)

*p< .05

378 (075)  0.09
418 (0.70) - 1.66
437 (068) - 2.44*

dangerous problems were El Nifio (M=3.34) and
trash disposal (M =3.88), and Global warming (M =
3.94).

Question Three: Difference in selif-reported
knowledge, perceived danger, perceived
certainty, and perceived tangibility scores by
gender

This subsection relates to Research question 3:
How do elementary students’ perceptions of the
Earth Systems and environmental issues differ by
gender? The MANOVA was statistically significant
(Wilks’ lambda=0.901, Fys=2.423, p=0.05) at o
=.05. Means, standard deviations and t values for
the follow-up t-tests for difference in self-reported
knowledge, perceived danger levels, perceived certainty
and perceived tangibility scores between gender are
presented in Table 2.

In relation to students’ perceived certainty and
tangibility, the perceived certainty score of female
students was higher than that of for male students.
The perceived tangibility score of male students was
slightly higher than female students. However, the

perceived certainty and tangibility scores were not
significantly different at 95% confidence level or
better between gender for the 8 selected Earth
systems and environmental issues.

With regard to self-reported knowledge and
perceived danger levels of students, the self-reported
knowledge scores of female students (M =4.18) was
higher than male students (M=3.92), and the
perceived-danger level scores of female students (M
=4.37) was also higher than male students (M=
4.02). However, differences in the perceived danger
by gender were only statistically significant at o <
.05 or better. In other words, t-tests revealed no
significant differences between the summated mean
scores of gender with perceived certainty, perceived
tangibility, and self-reported knowledge toward the
selected Earth systems and environmental issues
except for the perceived danger level.

Question Four: Correlations among  self-
reporfed knowledge, perceived danger levels,
perceived certainty and perceived tangibility

Correlations among  self-reported  knowledge,
perceived danger levels, perceived certainty and
perceived tangibility summated total scores were
examined (Table 3). The results revealed that most
pairs of scores were significantly correlated at a
confidence level of 99% including between perceived
certainty and tangibility (r=.451, p<.0l1), and between
self-reported  knowledge and perceived danger
(r=.343, p<.01). More interesting, there is very
high positive relationship between self-reported

knowledge and perceived certainty (r=.807, p<.0l).

Table 3. Correlations among independent variables and self-reported knowledge, perceived danger levels, perceived certainty and

perceived tangibility scores

Self-reported knowledge  Perceived danger Perceived certainty Perceived tangibility
Self-reported knowledge 1.0 343%* .807%* 455%*
Perceived danger - 1.0 316%* 382
Perceived certainty - - 1.0 A51%*
Perceived tangibility - - 1.0

**Correlation is significant at the 0.01 level (2-tailed)
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Table 4. List of most frequent information source on the Earth systems and environmental issues

Most frequent source to get
information on environmental issues

Issues (Total)

Second frequent source

Ttem™ % Item %
Acid Rain 94 School (33) 35.1 Don’t know (32) 34.0
Air Pollution 94 School (60) 63.8 TV (13) 13.8
Water Pollution 93" School (53) 57.0 ™V (14) 15.1
Global Warming 94 School (46) 489 TV (14) 14.9
Oil Spills 94 School (28) 29.8 ™V 27 287
Ozone Hole 94 School (31) 330 Don’t know (23) 235
Trash Disposal 94 School (55) 585 TV (12) 12.8
El Nifio 94 TV (33) 35.1 Don’t know (25) 26.6

": The sum is not 94 due to one sample with missing value

™1 9 information sources are provided: School, parents, TV, Internet, newspaper, books, magazines, radio, and don’t know

Question Five: Information source about
Earth systems and environmental issues

As can be seen in Table 4, the subjects responded
that their most frequent information source on
environmental issues was from their school regarding
air pollution (63.8%), global warming (48.9%),
water pollution (57%), and trash disposal (58.5%).
On the contrary, many students answered that they
did not know about most frequent information source
on the selected Earth systems and environmental
issues. The subjects also answered that they
obtained information about El Nifio (35.1%), oil
spills  (28.7%), water pollution (15.1%), global
warming (14.9%), air pollution (13.8%), and trash
disposal (12.8%) from television.

Discussion and Conclusion

This exploratory study focuses on elementary
students’ perceived certainty, perceived tangibility,
self-reported knowledge level, and perceived danger
of eight selected Farth systems and environmental
issues. When considering the degree of self-perception
regarding the emerging issues, some important points
can be made about the results of this study.

First, this study revealed that ozone hole, acid
rain, El Nifio, and global warming were identified
by the elementary students as uncertain and intangible
issues. As described in the preceding section, scientific
uncerfainty can be attributed to students” misconception

of the issues. Numerous studies of students’
understanding of environmental issues indicate that
students

uncertain issues (e.g., global warming, and ozone

can have misconceptions about more
depletion) compared to certain issues (Boyes &
Stanisstreet, 1992, 1998; Fortner et al., 2000; Gowda
et al, 1997; Rye et al, 1997). Khalid (2002) also
stated that the presence of misconceptions could be
lead to ineffective instructional activities in science
students’

conceptions toward these uncertain and intangible

classroom. Therefore, young alternative
issues can be a barrier and challenge in leamning
and understanding significant and important FEarth
systems and environmental issues. It is especially
important to conduct more research and pay more
attention to decrease uncertainty and intangibility
about those global level issues.

In addition, several studies revealed that some of
the similar misconceptions (e.g., global warming,
ozone hole) were identified by various grade levels:
5" grade students (Francis, et al., 1993); 5" and 6"
grade students (Christidou & Koulaidis, 1996);
middle school students (Dorough, Rubba, & Rye,
1998); high students (Gowda, Fox, &
Magelky, 1997); and college & university students
(Cheong, 2003; Lee & Fortner, 2000; Morgan &
1995; Khalid, 2002).
students’ misconceptions hold unchanged up to the

school

Moran, How can these

college level? Further studies need to take place for
the purpose of looking for the potential reasons and
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related factors of these students’ alternative conceptions
from both qualitative and quantitative inquiry.

Second, perceived certainty (r=.807, p<.01) and
perceived tangibility (r=.455, p<.01) were highly
positive correlated with  self-reported  knowledge
compared to other relationships (Table 3). The
results indicated that more knowledgeable issues
were perceived as more certain and tangible issues
by elementary students. According to Lee (2000),
perceived certainty can change over time as students
learn more about a subject or find ways to study it.
Perceived tangibility also can change over time.
Thus, how can we improve their content knowledge
and change their perceptions? As shown in Table 4,
the elementary students were more dependent on the
two information sources for their environmental
information: School and television.

In the United States school curriculum, one
widespread approach for environmental education is
to infuse it into various curricular areas (Disinger,
1987, 1993). Environmental education has taken
place in many different forms as a part of school
education. Science and environmental educators have
developed various forms of programs (or activities)
that are not only limited fo single courses in the
curriculum. Therefore, the findings of this study
provide a significant implication for school science
and environmental education because these conients
have not received much attention as a core school
curriculum for elementary school students. It is
hoped that the environmental issues, including global
level issues, should be extensively infused across the
curriculum and/or integrated with school science
.education in order to help young studenis gain
'better understandings and content knowledge related
to the Earth systems and environmental issues that
are essential scientific literacy for the new
globalization era.

Third, numerous studies indicate that the mass
media influences public understandings, knowledge,
and opinions related to environmental issues. Most
of what Americans know about environmental
knowledge, information and risks comes from the

major mass media such as television and newspapers .
(Atwater, et al, 1985; Bowman, 1978; Bowman &
Hanaford, 1977; Fortner & Lyon, 1985; Ostman &
Parker, 1987; Salomone et al, 1990). However, our
results showed that learning from school was the
most frequent information source for environmental
issues. The second most frequently used source of
information was television among several mass
books,
magazines, radio, and Internet. Therefore, elementary
level educators should keep in mind that school and
television may be the most often used sources for

media sources such as newspapers,

the Earth systems and environmental issues. Young
students’ knowledge and perception could be greatly
influenced by school-based education compared to
adults and adolescents.

Fourth, the body of research on gender differences
in perception of environmental risk indicated that
females exhibit higher perceptions of  risks than
males (Burger et al, 1999; Flynn, Slovic, & Mertz,
1994; Ginsburg & Miller, 1982; Riechard &
MaGarrity, 1994; Riechard & Peterson, 1998). As
can be seen in Table 2, the results indicated that
female subjects’ perceived danger was significantly
higher than male subjects (t=-2.44) at a<.05 or
better. When considering the gender differences
regarding the issues, the study provided another
evidence to support the previous studies regarding
gender differences. Although it is difficult for
teachers and curriculum developers, it is hoped that
this result could influence teachers’ understandings,
instructional activities, and developing curriculum
applied to these research findings.

Finally, our findings provide valuable criteria for
elementary science and environmental education
programs. As an elementary teacher or curriculum
developer for an elementary level, “developing
educational programs better matched to the learner’s
perception of an environmental issue may require
efforts to decrease issue uncertainty through enhancing
science knowledge, demonstrating ways to collect
evidence for decisions, or establishing contact with
credible sources of first hand information” (Fortner,
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et al, 2000, pp. 138-139).

School science and environmental programs might
not be playing enough of a role in providing
knowledge and information about recent emerging
environmental issues, even though awareness of the
importance of science and environmental education
has increased in recent decades. It is hoped that this
study contributes to understanding the elementary
students” perceptions toward the selected FEarth
systems and environmental issues.
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