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ir;bis study examined children's views of the world ajier they personally 
eqerienced a natural disaster-specifically, Hurricane Andrew in South 
Florida during the summer of 1992. i%e study addressed three issues: (a) 
children's knowledge of the hurricane; (6) children's views of the world, 
especially the causality of the hurricane; and (c) children's sources of 
information in social and cultural contexts. 7he study was conducted in the 
early spring of 1994. It involved 127 fourth andfiph grade students in two 
elementary schools located in areas that were particularly hard hit by the 
hurricane. 7%e student sample was representative of various ethnic, socioeco- 
nomic, and gender backgrounds. Both quantitative and qualitative research 
methods were used for data collection and analysis. Results indicate signifi- 
cant differences as well as similarities in children's knowledge, world views, 
and information sources by ethnicity, socioeconomic status, and gender. 
Implications for promoting scientific literacy for all students, including 
socially and culturally diverse students, are discussed. 
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Current reform in science education emphasizes: "Science is for all 
students. This principle is one of equity and excellence" (National 

Research Council [NRCI, 1996, p. 20). The emerging, although limited, body 
of research in science education indicates various ways of knowing, think- 
ing, and communicating among diverse student groups (Atwater, 1994; Lee 
& Fradd, 1998). Students bring with them their own ways of looking at the 
world that are representative of their social and cultural environments as 
well as personal experiences. Their ways of knowing may or may not be 
compatible with the nature of science or the way science is generally taught 
in science class. To achieve the goal of science for all, including socially and 
culturally diverse students, it is important to consider students' ways of 
knowing, thinking, and communicating in the science teaching and learning 
process. 

This study examined science knowledge, world views, and information 
sources of elementary students who personally experienced a natural 
disaster-Hurricane Andrew, which devastated South Florida in late August 
1992. Focusing on similarities and differences among diverse ethnic, socio- 
economic, and gender groups, the study investigated the following research 
questions: 

1. 	What are students' science knowledge and conceptions about the 
hurricane? 

2. 	 What are students' views of the world-specifically, in terms of the 
causality of the hurricane? 

3. 	What are students' sources of information about the hurricane? 
4. 	 How are students' science knowledge, world views, and informa- 

tion sources related in social and cultural contexts? 

Theoretical Perspectives 
Children construct knowledge and explanations about natural phenomena. 
They also develop beliefs or views of the natural world. Children's knowl-
edge and world views are products of sociocultural influences as well as 
individual construction, in light of the fact that every child is exposed to 
multiple information sources and discourses in social and cultural contexts 
(Driver, Asoko, Leach, Mortimer, & Scott, 1994; Mitchell & Weiler, 1991; 
Wertsch, 1991). Science education, because it deals directly with the natural 
world, plays a major role in shaping children's knowledge and world views. 
In the science classroom, children's knowledge and world views may 
sometimes be incompatible with scientific knowledge and the scientific 
world view. 

In this section, children's science knowledge, world views, and infor- 
mation sources across diverse social and cultural contexts are discussed from 
three theoretical perspectives: (a) cognitive science and conceptual change, 
(b) sociocultural, and (c) sociolinguistic. After reviewing each perspective, 
the relationships among the three perspectives are described. Finally, a 
natural disaster, Hurricane Andrew-as the research setting for the study- 
is described. 



Children3 World Views 

Science Knowledge 

National Science Education Standards (NSES) (NRC, 19961, Project 2061 
(American Association for the Advancement of Science [AAASI, 1989, 19931, 
and the conceptual change research in science education consistently define 
science knowledge in terms of "concepts, principles, theories, and models 
that are important for all students to know, understand, and use" in the fields 
or disciplines of science, including physical, life, and earth and space science 
(NRC, 1996, p. 106). 

Conceptual change and cognitive science researchers stress the central 
role of prior knowledge and personal experiences in learning new knowl- 
edge (Driver et al., 1994; Posner, Strike, Hewson, & Gertzog, 1982; Reif & 
Larkin, 1991). Learning science occurs when students successfully integrate 
new information with their prior experiences in ways that are both scien- 
tifically accurate and personally meaningful. Although students' prior knowl- 
edge can serve as a bridge to new learning, erroneous ideas can obstruct the 
learning of science knowledge. Researchers in cognitive science and con- 
ceptual change have identified students' common conceptions about natural 
phenomena for a range of science topics (for a review, see AAAS, 1993; 
Confrey, 1990; Eylon & Linn, 1988). 

The role of prior knowledge is especially important for students from 
diverse social and cultural backgrounds because their experiences and 
knowledge may differ from those of mainstream teachers and peers (Atwater, 
1994; Barba, 1993; Lee, Fradd, & Sutman, 1995; Rakow & Bermlidez, 1993). 
In the science classroom, these students often have more difficulty learning 
science knowledge than their mainstream peers. Large-scale assessment 
results indicate that Caucasian, higher SES, and male students generally have 
higher achievement scores in school science than ethnic minority, lower SES, 
and female students (National Center for Education Statistics, 1992; National 
Science Foundation, 1994; O'Sullivan, Reese, & Mazzeo, 1997). 

World Views 

While cognitive science and conceptual change research focuses on indi- 
vidual consmction of knowledge, the socioculturalpenpectiue posits that a 
person's knowledge or beliefs are socially and culturally constructed (Cazden, 
1988; Vygotsky, 1978). From the sociocultural perspective, learning science 
involves learning to think, talk, and act as a member of the science 
community. It also involves developing the values and beliefs shared in the 
science community (Lemke, 1990; Roth, 1995). 

A topic that has received increasing attention in science education is the 
world view theory (Cobem, 1991, 1996). This attention reflects the aware- 
ness among science educators that students' beliefs in the study of science 
are influenced by the world views commonly held in their sociocultural 
environments.A world view is defined as "a culturally organized macrothought; 
those dynamically inter-related basic assumptions of a people that determine 
much of their behavior and decision making, as well as organizing much of 
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their body of symbolic creations . . . and ethnophilosophy in general" 
(Kearney, 1984, p. I), or as "a person's set of beliefs held consciously or 
unconsciously about the basic nature of reality and how one comes to know 
about it" (Proper, Wideen, & Ivany, 1988, p. 547). 

Both the NSES (NRC, 1996) and Project 2061 (AAAS, 1989, 1993) stress 
the scientific world view based on the tradition of Western science, as 
opposed to alternative views. According to these documents, science is a 
way of knowing that "distinguishes itself from other ways of knowing and 
from other bodies of knowledge" (NRC, 1996, p. 201). The NSES (NRC, 1996) 
states: "Explanations on how the natural world changes based on myths, 
personal beliefs, religious values, mystical inspiration, superstition, or au- 
thority, may be personally useful and socially relevant, but they are not 
scientific" (p. 201). Although the distinction between the scientific world 
view and alternative views is made clear in these documents, this distinction 
is not so clear in the history of science (Kuhn, 1970; Loving, 1997). 

Research results indicate a complex interaction of personal beliefs and 
scientific understanding in children (Carey, 1987; Ross & Shuell, 1993), high 
school students (Roth & Lucas, 1997), and college students (Cobern, 1993). 
In addition to the scientific world view, they hold alternative views, such as 
anthropomorphism, teleology, spiritual forces, animism, or mysticism (Proper 
et al., 1988; Tamir & Zohar, 1991; Thelen, 1983). Different cultural groups 
hold diverse, sometimes opposing, views about the natural world (Allen & 
Crawley, 1998; Hewson, 1988; Lawrenz & Gray, 1995). Even within cultural 
groups, there are gender differences in students' world views Uegede & 
Okebukola, 1992). Generally, compared to their Caucasian peers, students 
from diverse cultures are more likely to hold alternative views in which 
supernatural forces, spirits, or myths have significant roles in natural phe- 
nomena (Cobern, 1991; Dart, 1972; Dart & Pradhan, 1967; Hewson, 1988). 
Native Americans, for example, believe in a close, harmonious relationship 
between humans and nature, rather than humans in control of nature (Allen 
& Crawley, 1998; Hampton, 1991; Robbins, 1983). Native Americans also 
view the relationship between humans and nature as spiritual; thus, some 
explanations for natural phenomena may be supernatural. 

Kearney (1984) proposed a logico-structural model of a world view 
based on interactions of seven categories: self, non-self (society, nature, and 
supernatural forces), relationship, classification, causality, time, and space. 
The interactions among self, non-self, and causality are important in science. 
The notion that there is a discoverable cause for every natural phenomenon 
is an important assumption in science, whereas alternative views may 
consider causes as various combinations of self, society, or supernatural 
forces (Dart, 1972; Maddock, 1981; Thelen, 1983). 

Information Sources 

Much of the research pertaining to children's knowledge and conceptions 
of natural phenomena has been conducted by the cognitive science perspec- 
tive, whereas children's world views have been addressed by the sociocul- 
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tural perspective. The sociolinguisticperspective, on the other hand, consid- 
ers discourses or voices that children encounter in social and cultural 
contexts (Gee, 1990, 1991; Green, 1983; Hicks, 1995; Michaels & O'Connor, 
1991; Suzuki & Knudtson, 1992). In learning science, children's knowledge 
and world views have been formed and are continuously forming through 
the interactions between personal knowledge and new information from 
various sources, including family, teachers, school, friends, media, and other 
social institutions (AAAS, 1989; NRC, 1336). 

Some of the information sources and discourses in children's social and 
cultural contexts present them with mainstream Western views, whereas 
others present alternative views. Children are faced with the complex task 
of making meaning from various information sources and discourses. The 
task of reconciling different, and sometimes incompatible, ideas poses 
challenges for some children, especially those from cultures in which 
Western science does not play a central role (Cobern, 1991; Maddock, 1981). 

Relationships Among Three Theoretical Perspectives 

Although the three theoretical perspectives seem to complement one an- 
other in explaining the relationships among science knowledge, world 
views, and information sources, the current research and literature is limited. 
Conceptual change and cognitive science research, while active in science 
education, have not considered social and cultural issues. Recently, socio- 
cultural and sociolinguistic perspectives have been applied to science 
education research. Research on the relationships between or among these 
three perspectives is only beginning to emerge. For example, topics of 
debate include the distinctions between conceptual change and world views 
(Cobern, 1996) and between science knowledge and beliefs (Cobern, 1994; 
Smith, 1994). This study could contribute to the currently limited literature 
within each theoretical perspective and across the three perspectives. 

A Natural Disaster as a Research Setting 

This study examined children's knowledge, world views, and information 
sources after they personally experienced a major natural disaster-Hurri- 
cane Andrew, which devastated South Florida in late August 1992. With the 
sustaining winds over 150 miles per hour in some areas, this natural disaster 
was the most costly in the U.S. history, and the recovery took several years. 

The natural disaster of Hurricane Andrew provided a unique and rare 
opportunity for investigation strategically and theoretically. The hurricane 
was a salient and traumatic experience in the lives of the children. They 
needed to make sense of this natural event that had such a profound impact 
on their lives and the larger community. South Florida is a multiethnic 
community with distinct social, cultural, and language backgrounds. Chil- 
dren from diverse backgrounds would have to make sense of this shared 
experience that they would remember for the rest of their lives. The children 
already had certain conceptions and world views about natural phenomena 
before Hurricane Andrew. Natural events with traumatic consequences 
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could influence their science knowledge of such events and also reveal their 
fundamental beliefs or views of the world (Ross & Shuell, 1993). Children 
also received a barrage of information about the hurricane from a variety of 
sources. They would have to reconcile multiple views and discourses and 
develop personal meanings. Eventually, the knowledge and world views 
with the most significant personal value would prevail. 

Method 
Research Setting 

The study was conducted in Dade County Public Schools (Miami), Florida. 
The school district had a multi-ethnic student population: 46.5% Hispanic, 
33.3% Black, 19% White non-Hispanic (Caucasian),, and 1.2% Asian and 
American Indian (Dade County Public Schools, 1994). According to the 
district science curriculum, weather was a required topic at the fourth grade 
level. 

The study was conducted at two elementary schools in the Cutler Ridge 
and Naranja areas. The ethnic composition of one school was 53% White 
non-Hispanic, 29.5% Black, 16.6% Hispanic, 0.6% Asian, and 0.2% American 
Indian. Approximately 50% of the student population was on free or 
reduced-price lunch programs. The other school was 11% White non-
Hispanic, 45% Black, 42% Hispanic, and 2% Asian. Slightly over 85% of the 
student population was on free or reduced-price lunch programs. Both the 
Cutler Ridge and Naranja areas were hit particularly hard by Hurricane 
Andrew during the summer of 1992. Even at the time of this study in the 
early spring of 1994, approximately 1 1/2 years after the hurricane, the 
schools and many of the students' homes were not yet completely rebuilt. 
Signs of damage remained visible in the community. 

Research Design and Participants 

The study used three-way factorial designs. Three independent variables 
included 3 (ethnic groups) X 2 (SES groups) X 2 (gender groups). Three 
dependent variables included science knowledge, world views, and infor- 
mation sources. 

Participants were 127 fourth- and fifth-grade students at the two school 
sites. From a pool of students who personally experienced Hurricane 
Andrew and whose parents gave written permission for their children to 
participate, 10 or 11students were randomly selected from each of 12 groups 
in terms of ethnicity, SES, and gender. The three ethnic groups included 
African American, Hispanic of diverse national origins, and White non-
Hispanic students. Student ethnicity was taken from official school records, 
as reported by parents. The status of lunch programs is a variable frequently 
used by education researchers to identify students by socioeconomic status 
(SES). The two socioeconomic levels were distinguished by including 
students on free or reduced-price lunch programs in the lower SES group 
and those who paid for lunch or brought lunch to school in the higher SES 
group. 
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Instruments 

An interview protocol was developed to examine students' responses to the 
three research questions. Each of the three sections in the protocol ad- 
dressed both students' personal experiences and formal knowledge of the 
hurricane. The intent was to provide opportunities for students to express 
both their personal meanings and knowledge of school science. The study 
used seven color 8 x 10 glossy photographs of Hurricane Andrew, originally 
prepared by two major newspapers in South Florida (73e Miami Herald and 
The Fort Lauderdale Sun-Sentinel). Three of them were used to start the 
interviews with students' personal experiences before moving into their 
knowledge of the hurricane. The other four were used to examine students' 
ability to read maps related to the hurricane. The instrument for each 
research question is described next. 

With regard to children's knowledge of the hurricane, the interview 
protocol consisted of two components. First, the explanations of the hurri- 
cane involved: (a) the nature of the hurricane in terms of its shape, size, and 
parts; (b) the formation and development of the hurricane in terms of its 
origin, development, movement/path, and wind strength and direction; and 
(c) the impact of the hurricane on humans and nature in terms of prediction, 
preparation, and damage. Second, map readings involved the accuracy of 
explaining the four maps related to the hurricane. These maps included (a) 
a satellite photograph of the hurricane over the southern part of Florida; (b) 
a drawing of the hurricane approaching South Florida and the westward 
movement of the hurricane; (c) a drawing indicating the direction, strength, 
and movement of wind within the hurricane while it was directly over South 
Florida; and (d) a drawing showing the extent of damage in different areas 
of South Florida. 

With regard to world views, the study addressed students' beliefs about 
cause(s) of the hurricane from the perspectives of both self and non-self, the 
latter including parents or family, people or society, nature, and supernatural 
forces of God and the devil (Cobern, 1991; Kearney, 1984). Three sets of 
questions were addressed: (a) student-generated responses to an open- 
ended question about the cause of the hurricane; (b) forced choice (yes or 
no) response for each of plausible causes; and (c) student perceptions of a 
scientist's or a weatherperson's views. 

Finally, sources of information and discourses included parents and 
family, teachers and school, friends, mass media (books, radio, television, 
newspapers), social and cultural organizations (neighbors, church), and any 
other sources identified by the students. After asking students to indicate 
whether they learned about the hurricane from each of these sources, the 
interviewers probed the content of each source. Finally, the interviewers 
asked students to identify the three most important sources. 

The interview protocol and materials were developed by the researcher, 
with the assistance of a scientist, a science educator, a communication 
scholar, a bilingual educator, and an elementary school teacher. In addition, 
the researcher also consulted with a counseling and student service special- 
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ist from the school district, as well as the principals and the counselors at 
the two school sites. Special care was taken to ensure a level of comfort in 
which students could talk about their experiences of the traumatic natural 
disaster. 

Data Collection 

Three trained research assistants conducted interviews with dyads of the 
same ethnic, SES, and gender backgrounds. The study involved dyads, rather 
than individuals, to make the interview process less test-like, to reduce 
potential emotional reactions or anxieties about the hurricane, and to allow 
students to share their experiences and feelings with one another. In 
addition, the triad of two students and an interviewer, all from the same 
ethnic background, was designed to facilitate interactions and to render the 
interviews culturally congruent. The schools provided the research team 
with special rooms to interview the students. All interviews were videotaped 
and audiotaped and later transcribed. Each interview session lasted 40-60 
minutes. 

In the opening of each interview, the interviewers highlighted two key 
points: (a) The students could stop participation or decline responses at any 
point in the interview,' and (b) people have different ideas and beliefs about 
the hurricane, so students' own ideas were encouraged. Using the interview 
protocol as a general guideline, the interviewers probed and prompted 
student responses in an open-ended manner. Although there were standard 
probes to ensure consistency among student dyads and across the groups, 
the interviewers used semi-structured approaches to respond to the particu- 
lar needs of the interview situations. To enable data analysis for each 
student, the interviewers alternated the questions with the two students in 
each dyad to reduce influences between the students. 

Data Analysis 

For each of the three research questions, a coding system was developed 
based on both the literature and careful readings of student responses in the 
study. The unit of analysis was each student, not the dyad. Overall, students 
provided their own responses independently from those of their peers in the 
dyads. Two coders analyzed the entire data set, and any disagreements were 
resolved through discussion. In addition to statistical analysis, qualitative 
methods were used to identify major patterns or themes (Erickson, 1986; 
Miles & Huberman, 1994; Strauss & Corbin, 1990). Employing the categories 
used for data collection and statistical analysis for each research question, 
children's responses were coded into relevant categories. Vignettes that 
were representative of major patterns or themes were obtained. Data 
analysis procedures for each research question are described next. 

First, students' science knowledge was analyzed using a scoring rubric. 
Depending on the levels of difficulty and complexity, scores for the 13 items 
ranged from 1-3 points. The maximum score for science knowledge was 28 
points, including 16 points for explanations of the hurricane and 12 points 
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for map readings. Scores were analyzed using three-way analysis of variance 
(ANOVA) tests for each of two components, explanations of the hurricane 
and map readings. Because of unequal group sizes, general liner models 
(GLM) were employed using the SAS statistical program package. The small 
group size of 10 or 11 subjects in each of the 12 groups should be noted. 

Second, children's world views-specifically, their beliefs about the 
causes of the hurricane-were analyzed in terms of: (a) self, (b) parents or 
family, (c) people or society, (d) nature, and (e) supernatural forces. 
Frequencies of student responses and percentages of respondents were 
obtained for each group and across groups. Tests of statistical significance 
were not employed because they would have required too many discrete 
Chi-square tests based on the small group size. Instead, the intent of data 
analysis was to identify overall patterns based on both descriptive statistics 
and qualitative results. 

Finally, students' reports of information sources were analyzed in terms 
of family (parents, grandparents, other members), teachers and school, 
friends, mass media (television, radio, newspapers, books), and social and 
cultural organizations (neighbors, church). Frequencies of student responses 
and percentages of respondents were obtained, but statistical tests were not 
employed (for the same reasons explained for world views above). The 
content of each information source was also analyzed. For the three most 
important sources, differential weights were assigned to the most important 
source (3 points), the second most important source (2 points), and the third 
most important source (1 point). Total scores for each information source 
were obtained for each group and across groups. 

Results 
A year and a half after Humcane Andrew, many children expressed vivid 
memories. Some recounted their experiences of the humcane in detail, 
losses of material possessions, and losses of lives (family members, neigh- 
bors, and pets). Others expressed emotional reactions, including nightmares 
of the hurricane and anxieties about storms. The severity of their experi- 
ences needs to be considered in the interpretation of the results. 

The results are presented in terms of both overall results in the entire 
sample and differences among groups. For each question, statistical results 
are presented first; then, qualitative results of major patterns or themes are 
described. These quantitative and qualitative results are used as triangulation 
of interpretations, as well as complimentary information from different 
sources. It needs to be emphasized that there are substantial variations 
among the students within a particular group, as well as commonalties 
across groups. 

Science Knowledge 

There were wide variations in science knowledge of the hurricane among 
the students in the sample. Of the 28 maximum points, students' scores 
ranged from 5 points to 23 points. Overall, students' science knowledge was 
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not adequately developed. The means and standard deviations of science 
scores are presented in Table 1. The total mean score in the sample was 11.9 
points (SD = 3.27) out of 28 points maximum (43% correct responses). The 
total score consists of two components. First, the mean score for explana- 
tions of the hurricane was 6.27 points (SD = 2.26) out of 16 points maximum 
(39% correct responses). Second, the mean score for map readings was 5.66 
points (SD = 1.50) out of 12 points maximum (47% correct responses). 

Results of statistical tests among ethnic, SES, and gender groups are 
presented in Table 2. There were significant differences among ethnic, SES, 
and gender groups, ranging from the highest mean score of 17.00 points 
(higher SES Caucasian boys) to the lowest mean score of 8.80 (lower SES 
Hispanic girls). First, an ANOVA by ethnicity showed a significant difference 
(F = 24.33, p < .001). The total mean score was 14.38 (SD = 4.07) for 
Caucasian students; 11.30 (SD = 2.94) for African-American students; and 
10.22 (SD = 2.80) for Hispanic students. Scheffe's post-hoc tests show 
differences between Caucasian and African-American students ( t  = 4.08, df 
= 88, p < ,001) and between Caucasian and Hispanic students (t = 5.51, df 
= 86, p < ,001). Caucasian students had better knowledge of the hurricane 
than African-American or Hispanic students, but there was no significant 
difference between African-American and Hispanic students. 

Table 1 

Science Knowledge: Group Differences 


(Means and Standard Deviations) 


Explanations of Map 
hurricane readings Total 

Ethnicity SES Gender n M SD M SD M SD 

Caucasian Higher Boys 
Girls 

Lower Boys 
Girls 

African- Higher Boys 
American Girls 

Lower Boys 
Girls 

Hispanic Higher Boys 
Girls 

Lower Boys 
Girls 

Total 

Note. Maximum scores for explanations of the hurricane = 16 points; for map readings = 12 
points; total = 28 points. 
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Table 2 

Science Knowledge: Group Differences (ANOVA Results) 


Explanations of Map 
hurricane readings Total 

Mean Mean Mean 
Source df square F square F square F 

Ethnicity (A) 2 
SES (B) 1 
Gender (C) I 
A x B  2 
A X  C 2 
B x C 1 
A x B x C  2 
Residual 115 

R square 

*p < .05,* p  < .01,***p< ,001. 

Second, there was a significant difference between the SES groups. The 
total mean score was 13.62 (SD = 3.87) for the higher SES and 10.40 (SD = 

2.88) for the lower SES group. Higher SES students were more knowledge- 
able about the hurricane than lower SES students (F= 3 5 . 8 4 , ~< .001). Third, 
there was a significant difference between the gender groups, with the total 
mean score of 12.83 (SD= 3.57) for boys and 11.32 (SD = 3.86) for girls. Boys 
had better science knowledge than girls (F = 7 . 6 7 , ~< .01). Finally, there was 
a significant interaction effect between ethnicity and SES for map readings 
( F = 7.06,p < .01). The difference between higher and lower SES groups in 
the Caucasian group (means 7.69 and 5.24 points, difference of 2.45 points) 
was greater than the difference in the Hispanic group (means 5.38 and 4.65 
points, difference of 0.73 points) and the difference in the African American 
group (means 5.67 and 5.23 points, difference of 0.44 points). 

Qualitative analyses of students' science knowledge. In contrast to 
detailed memories of personal experiences, students generally had limited 
knowledge of the hurricane. First, the explanations of the hurricane in- 
cluded: (a) the nature of the hurricane in terms of shape, size, and parts; (b) 
the formation and development of the hurricane; and (c) hurricane predic- 
tion, preparation, and damage. Students had the most difficulty providing 
explanations for how the hurricane formed, developed, and dissipated. 
Common patterns of student responses included: (a) short, incomplete 
explanations in terms of the mixing of warm and cool air, high and low air 
pressure, or warm and cold fronts and (b) simple descriptions in terms of 
warm water, strong winds, heavy rain, storms, or tornadoes. Many students 
also had misinformation about the shape, size, and parts of the hurricane. 
They did not have a sense of how huge the hurricane was or how the 
hurricane's eye, eye wall, and tail were related. In contrast, students' 
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knowledge of hurricane prediction, preparation, and damage was generally 
accurate and elaborate. They could explain how the hurricane caused the 
damage, how to prepare for the hurricane, and how to make predictions 
using various weather instruments and satellites. Many also described how 
they and their families prepared for Hurricane Andrew and what they 
learned from their experience. 

Second, in terms of map readings, many students recognized maps of 
Hurricane Andrew and located their neighborhoods on the maps. They 
recalled seeing similar maps in classroom discussions, on television, and in 
newspapers. However, many students could not explain these maps in 
relation to hurricane activities at particular times and locations. For example, 
while looking at a satellite photograph of the hurricane with the eye located 
at the southwest coast of Florida, they could not explain what was happen- 
ing in different areas of Florida at that particular time. Instead, many students 
considered the hurricane as a uniform system. 

Although most students had difficulties, some gave accurate and elabo- 
rate responses, as presented below: 

S: 	 Hurricane forms in the ocean. It starts as a tropical 
depression, becomes a storm, and then into a hurricane. 

S: 	 First, the eyewall is really bad. That's the really bad part. 
Then, after you get past the eyewall, it's really clear and 
calm in there, so you can go out for a minute to look 
around. Then the other side of the eye comes in and you 
have to get back in. 

S: 	 It forms over the ocean and holds in the heat. The more 
heat is generated with the more cold air coming in, 
because when they mix, they form a hurricane . . . You 
have a lot of cold air, and on  top of that you have a lot of 
warm air. This creates a big confusion, and that's how you 
have it rotating. As soon as it keeps rotating, it gets bigger 
and bigger because of the heat and the more cold air 
coming in. 

S: 	 When it hits land, it disintegrates. Anything that gets into its 
path, it gets destroyed. But it also loses its energy and dies 
out. 

Qualitative analyses of student responses indicated several other impor- 
tant points. First, students with less science knowledge of the hurricane 
tended to talk about personal experiences even when the interviewers 
probed their science knowledge and explanations. In contrast, students with 
more knowledge provided science explanations as they were describing 
personal experiences. These students used their knowledge of the hurricane 
to explain and make sense of personal experience. 

Second, related to the first point, the research procedure of asking about 
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personal experiences before asking about science knowledge provided 
multiple opportunities for students to demonstrate their knowledge in both 
informal and formal contexts. This procedure provided both a reliability 
check and triangulation of student responses in different contexts. Gener- 
ally, student responses were consistent across contexts. In addition, the 
informal contexts dealing with personal experiences were particularly nec- 
essary for students with limited science knowledge who, otherwise, might 
not have fully cooperated throughout the interview process. 

Third, students with greater science knowledge were also more intent 
on figuring out the maps and more willing to give explanations. They often 
stood up, leaned over the maps, stared at the maps, exchanged ideas with 
one another, and attempted explanations. In contrast, students with less 
knowledge simply said, "I don't know," or provided short responses after 
being probed and prompted by the interviewers. 

World Views 

Students' world views were examined in two ways: (a) personal views and 
(b) perceptions of a scientist's and a weatherperson's views. In addition to 
statistical results, qualitative analyses of students' world views among ethnic, 
SES, and gender groups are described. 

Students'personal views. Students were asked to respond to the follow- 
ing open-ended questions: "Why do you think Hurricane Andrew hap- 
pened? What caused the hurricane to happen?" Because of the small number 
of 10 or 11 students in each of the 12 groups across multiple categories of 
responses, the results are organized more globally in terms of the ethnicity, 
SES, and gender variables, as shown in Table 3. 

As the cause of the hurricane, the majority of students indicated nature 
in terms of wind, rain, storm, warm and cool air, high and low pressure, and 
warm and cold fronts. (n = 84 or 66% of the 127 students in the sample). 
Some responded in terms of God (n = 24 or 19%), and a small number 
indicated people or society (n= 7 or 6%). No student indicated self, parents, 
other family members, or the devil as causes of the hurricane. 

The results indicate significant differences among ethnic, SES, and 
gender groups. Caucasian students indicated nature as a cause more 
frequently (81%) and God less frequently (9%), compared to African-
American students (47% for nature and 30% for God) and Hispanic students 
(71% for nature and 17% for God). Higher SES students indicated nature 
more frequently (70%) and God less frequently (15%), compared to lower 
SES students (62% for nature and 22% for God). Boys also indicated nature 
more frequently (73%) and God less frequently (16%), compared to girls 
(59?? for nature and 22% for God). 

After the open-ended question, students were asked to respond "yes" 
or "no" for each of the potential causes. Frequencies and percentages of yes 
responses are presented in Table 4. 

Students generally indicated multiple causes of the hurricane and 
expressed a wide range of beliefs. Of the 127 students in the sample, several 





Table 4 

World Views: Forced Choice of Yes or No (Frequencies and Percentages of Yes Responses) 


Supernatural forces* 
Parents or People or 

Variables Groups n Self family society Nature God Devil Subtotal 

Ethnicity Caucasian 

African-American 

Hispanic 

SES Higher 

Lower 

Gender Boys 

Girls 

Total 

* Some students responded yes to both God and the devil Because of this double counting, the percentages for God and the devil comb~ned exceed 
the subtotal percentage. 
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(n = 6 or 5%) related the hurricane to personal causes, such as "I have been 
bad," "I might have been [a cause1 because I got into a fight in my old school 
. . . It was violent," and "Maybe because I wished for a hurricane to come 
so I wouldn't have to go to school, but not a bad one like Andrew." 

A small number of students (n = 9 or 7%) also attributed the cause of 
the hurricane to parents or family members because of domestic violence, 
personal problems, or interpersonal conflicts. The responses included: "I 
think my family had back luck and probably made the hurricane come;" "My 
cousin, he used to always break the law, and he went to jail several times," 
"My aunt is doing drugs, real bad," and "I think the hurricane was sent to 
punish my mother because of my grandmother. My grandmother makes me 
mad a lot." 

Students generally believed that nature was the predominant cause of 
the hurricane (n = 109 or 86% of the 127 students in the sample). However, 
many also believed supernatural forces of God or the devil were causes (n 
= 83 or 65%). In addition, some believed people or society were a cause (n 
= 45 or 35%). 

As presented in Table 4, the differences among the groups were evident, 
especially with regard to students' beliefs about nature and supernatural 
forces as causes. Caucasian students emphasized nature more strongly (93%) 
and supernatural forces less strongly (37%), compared to African-American 
students (81% for nature and 86% for supernatural forces) and Hispanic 
students (83% for nature and 73% for supernatural forces). Higher SES 
students emphasized nature more strongly (92%) and supernatural forces 
less strongly (61%), compared to lower SES students (79% for nature and 
70% for supernatural forces). Similarly, boys emphasized nature more 
strongly (94%) and supernatural forces less strongly (67%), compared to girls 
(78% for nature and 64% for supernatural forces). 

Students'perceptions of a scientist's o r  a weatherperson's views. Students 
were asked to respond to the questions: "What do  you think a weatherperson, 
like Dr. Bob Sheets or Bryan Norcros~,~ would say about what caused the 
hurricane?" and "What do  you think a scientist would say about what caused 
the hurricane?" The results of students' perceptions of a scientist's views are 
presented in Table 5. Students' perceptions of a weatherperson's views were 
similar to those of a scientist's views and, therefore, not presented here. 

Most students (n = 107 or 84%) said that a scientist would respond in 
terms of nature. A small number (n = 10 or 8%) indicated God. A small 
number (n = 10 or 8%) also said they did not know how a scientist would 
respond. None mentioned people, society, or the devil as a cause from a 
scientist's view. 

The differences among the groups were noticeable. Caucasian students 
emphasized nature more strongly (98%) and supernatural forces less strongly 
(O%), compared to African-American students (79% for nature and 12% for 
supernatural forces) and Hispanic students (76% for nature and 12% for 
supernatural forces). Higher SES students emphasized nature more strongly 
(94%) and supernatural forces less strongly (3%), compared to lower SES 
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students (74% for nature and 13% for supernatural forces). Boys emphasized 
nature more strongly (87%) and supernatural forces less strongly (5%), 
compared to girls (81% for nature and 11% for supernatural forces). 

Qualitative analyses of students' world views. Student responses indi- 
cated valuable insights into ethnic, SES, and gender differences. Compared 
to lower SES students, higher SES students seemed to be more assured and 
articulate about their beliefs. Compared to boys, girls tended to show more 
caring for people and na tu re fo r  example, "Me and my mom are crazy 
about manatees. And with all the debris and stuff, they are so curious they 
come up to see what it is and they can get like cut and stuff." "Right after 
the hurricane, my mom had a baby because she thought of how precious 
life was." And "after the hurricane, I started keeping a diary of how I felt 
about things." 

The patterns in both descriptive statistics and qualitative results indi- 
cated that ethnicity was a key variable for differences in world views. 
Regardless of SES and gender backgrounds, Caucasian students generally 
interpreted the hurricane as a natural event. In contrast, African American 
and Hispanic students expressed world views in which people or society, 
nature, and supernatural forces all played important roles in an integrated 
manner. Major patterns for each ethnic group are described next. 

Caucasian students tended to interpret the hurricane as a natural 
phenomenon. Many also interpreted the cause of the hurricane as a 
consequence of actions by people or society, especially environmental 
pollution. They responded that, in return for the environmental pollution, 
"Mother Nature is wanting to get back at us for all the pollution and cutting 
down trees," or it was "Mother Nature's way of treating us bad because of 
what we are doing using aerosol cans and throwing trash and littering and 
stuff." 

In contrast to strong beliefs in nature and people/society as causes, 
Caucasian students generally expressed tentative beliefs in God as a cause, 
as they said, "Perhaps, God did," "He could," and "Maybe, maybe not." A 
few offered explanations in terms of God's punishing people or teaching 
them a lesson for bad things, such as being mean to one another or 
committing crimes and violence. Many students denied the devil's having 
anything to do with the hurricane. Some expressed a strong disbelief, such 
as, "I don't believe in the devil," or "there is no such thing called the devil." 
However, a few students changed their minds after their hurricane experi- 
ence. As one student said, "I don't believe in the devil either, but, when this 
happens, I do." 

The following example with a dyad of higher SES boys illustrates a 
common pattern of the world views expressed by Caucasian students. Early 
on in the interview, the interviewer (I) asked the boys to explain how the 
hurricane formed (science knowledge): 

I: How was Hurricane Andrew formed? 

Brian: A tropical storm around the water. 
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John: 	 A lot of cold air and a lot of warm air hit each other, like 
in Africa. It started a tropical depression, and it started 
going up  into a tropical storm and forms a hurricane. 

Later in the interview, the interviewer probed the boys about the cause 
of the hurricane (world views). Both students related science knowledge 
and world views in a consistent manner and expressed their belief about the 
hurricane as a natural event: 

I want to know what you think or believe about the 
hurricane. Why d o  you think Hurricane Andrew hap- 
pened? 

Brian: 	 You already asked the question. 
I: 	 No, this is a different kind. All right, I will go on. Do you 

want to answer that, John? 

John: No. 

1: 	 Do you think the cause of the hurricane has anything to d o  

with you personally? 

B & J: No. 

I: Does it have anything to d o  with your family? 

B & J: No. 

I: Your parents? 

B&J :  No. 

1: With people or society? 

B & J :  No. 

I: How about nature? 

Brian: Yes. 

John: No, not really 

I: 	 Brian says yes, and John says no. Tell me why you answer 

that way, Brian? 
Brian: Because a hurricane forms in nature and starts in the water 

because of the wind. 
John: Because it just happens. You don't know when it's going 

to happen, you can't tell when it happens. It just happens. 
Do you think supernatural things, such as God or the devil, 
have anything to do  with the hurricane? 

Brian: No. 

John: Not really. 

1: Anyone or anything else causes the hurricane? 

B & J: No. 

I: 	 So, what d o  you think causes the hurricane? 
John: 	 It is just that, when winds hit each other, it forms storms, 

and it builds on that. 

Afn'can-American students often expressed world views in which 
people or society, nature, and supernatural forces interacted to cause the 
hurricane. While some students emphasized nature more strongly than other 
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causes, others stressed supernatural forces. Many also emphasized social 
issues as causes of the hurricane. African-American boys were the only ones 
who pointed out race issues. Generally, most students responded that 
people or society, nature, and supernatural forces were equally plausible 
causes. Two common patterns of responses emerged: (a) People have been 
doing bad things, such as violence, crime, shooting, killing, and race 
problems; God is angry, sends a message of His displeasure through the 
hurricane, and intends to teach a lesson; and (b) people have done 
something wrong; God is too nice to hurt people; instead, the devil wants 
to punish people and causes the hurricane. 

The following example with a dyad of higher SES boys illustrates this 
pattern. Although this example is more extensive and dramatic than most 
others in this group, the components in the example were observed in many 
African-American students. Early on in the interview, the interviewer asked 
the boys to explain how the hurricane formed (science knowledge): 

I: What d o  you know about how hurricanes form? 
Willie: When it gets real hot, the moisture starts coming together, 

and it forms a hurricane. The weather like the wind 
currents and stuff get put together, and it gets harder. Then, 
it starts turning, then it starts coming, and it starts turning. 

Chuck: First, it starts way back out in the sea. Then, the clouds start 
to form up. When it first started, Dr. Bob Sheets gave us a 
little warning about how it was forming. And they had the 
tower camera out there to see how it's coming this way. 
Then, he said it wasn't going to be a big problem. But 
when it started to get closer, it got to be a problem because 
it got stronger by the water starting to push in. They didn't 
know where it was going to hit, so it started to move in all 
kinds of directions. Then, we waited a couple of days and 
the wind started to get harder. 

Later in the interview, the interviewer probed the boys about the cause of 
the hurricane (world views). One boy (Chuck) responded immediately in 
terms of supernatural forces. He also included his family and society as 
contributing to the hurricane happening. As the conversation continued, he 
expressed his belief in racial conflicts as a primary cause. At this point, the 
other boy Willie) expressed the same opinion. The following example 
indicates how the students believed in multiple causes of the hurricane in 
an integrated manner: 

I: Why d o  you believe hurricanes happen? 
Chuck: I think God is teaching us a lesson. He just sends out a 

hurricane to make people get straightened out, teach them 
a lesson, make them cooperate with people, and stop 
littering and violence. 

Willie: I think it's raining and stuff, so it can clean up. Three years 
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ago, we had one, I think it was Hurricane Hugo. When it 
came, it cleaned out a lot of stuff in North Carolina. Now, 
Andrew is going to hit us and clean up all the trash. 
Do you think the hurricane was caused by anything you 
did personally? 
No. 
Do you think the hurricane was caused by what your 
family did? 

Willie: No. 
Chuck: Shooting people. One of my family shot someone in the 

butt robbing the house. 
Does a hurricane have anything to do  with people or 
society? 

Chuck: The way I think it caused the hurricane is because most 
people lust pick on people. The hurricane happened to 
teach us to get along with people . . . Every time they beat 
Rodney King or something like that, it seems that some- 
thing always happens, like a hurricane getting ready to 
form or something like that. Like the William Lozano thing 
here [in Miami]. People just got mad. He had no right to hit 
that Black guy on the motorcycle . . . . 

Willie: Like when they beat that man up, Reginal Denny. The 
people made him get out of his truck, and they were 
throwing bricks at his head. I think it is wrong. 

Chuck: To me, it was the whole deal. Blacks and Whites. They 
think about hurting someone, and Black people think 
about hurting them back. And when they start, God might 
just be up there saying, "When are they ever going to 
learn?" 

Willie: Both of them [Rodney King and Reginal Denny] happened 
to be in Los Angeles. So I don't know why God couldn't 
make it [the hurricane] go around there? 

Chuck: I think God did that because He knows he could form up 
an earthquake to hit there . . . . 

I: Do you think that hurricanes are caused by nature? 
C & W :  Yeah. 
Chuck: Hurricane happens in nature. 
Willie: How we pollute the air and stuff. 
Chuck: Yeah, people throw things in the bushes, and they know 

they got a city dump. They just have destroyed our land 
and made it gross. 
Does the hurricane have anything to d o  with God whom 
you talked about before? 

Chuck: God is helping us through nature. He just used the water 
and the moisture in the air, and caused the hurricane. 

I: How about the devil? 
Willie: I read in the magazine. They said that the devil was inside 

of the hurricane. 
Chuck: I heard that the devil wanted to control people. 
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Hispanic students expressed world views in which people or society, 
nature, and supernatural forces interacted to cause the hurricane. Unlike 
Caucasian students, Hispanic students generally did not emphasize environ- 
mental pollution as a major cause. Unlike African-American students, His- 
panic students did not emphasize social problems. Three common patterns 
of responses were as follows: (a) God is the creator of everything, as one 
student said, "Because He makes everything happen. He does everything, 
makes everything. Whatever happens, He does it;" (b) God is angry when 
people do bad things and punishes people; and (c) God does the good 
things, and the devil does the bad. In the following example, a higher SES 
boy expressed his belief about how God and the devil interacted to punish 
people for bad things: 

I: Why do think Hurricane Andrew happened? 

Carlos: I think when a wave came up like a tidal wave, the wind 


came and took it, and they combined. Then, it started like 
a whirlpool and it moved toward us . . . . 

1: How about people and society? 

Carlos: Might . . . It partly does because people do  bad things . . 

I: How about nature? 

Carlos: Yes, the wind and the rain. 

I: 	 How about supernatural things, such as God? 
Carlos: 	 Yes. Because God makes everything. He makes nature. He 

makes rain. He makes lightning. He makes the sun. 
I: 	 How about the devil? 
Carlos: 	 The devil is the one that performs bad things, and God 

wants to stop it. 

Information Sources 

In response to the question, "I want to find out where you have learned the 
information about the hurricane," students gave "yes" or "no" responses to 
each of the information sources. The results are presented in Table 6. 
Students chose television as the most important source of information (n = 

101 or 80% of the 127 students in the sample). Students also indicated 
parents (n = 93 or 73%) and teachers (n = 92 or 72%) as important sources. 
Some indicated radio (n = 74 or 58%) and books (n = 59 or 46%) as 
information sources. 

Students were also asked to determine the three most important sources 
of information. Differential weights were given among the three choices: 3 
points for the most important source, 2 points for the second most important 
source, and 1 point for the third most important source. The results are 
presented in Table 7. 

The results in Table 7 are generally consistent with those in Table 6. 
Again, television was emphasized as the most important source (229 points), 
followed by parents (192 points). Radio was selected as the distant third 
choice (79 points), teachers as the fourth (57 points), and books as the fifth 
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(52 points). Compared to the results in Table 6, teachers here were perceived 
as a considerably less important source of information. 

The results indicate differences among ethnic, SES, and gender groups. 
Although both SES and gender groups indicated television and parents as 
the two most important sources, there were noticeable differences. Higher 
SES students emphasized television as a more important source (129 points) 
and parents as a less important source (71 points), whereas lower SES 
students emphasized parents as more important (121 points) and television 
as less important (100 points). Similarly, boys emphasized television as a 
more important source (123 points) and parents as a less important source 
(83 points), whereas girls emphasized parents (109 points) and television 
(106 points) as equally important. In terms of ethnic differences, African- 
American students indicated teachers as a much less important source (5%), 
compared to Caucasian (26%) or Hispanic students (26%). 

Qualitative analyses of information sources and discoumes. Although 
both SES and gender groups indicated television and parents as the two most 
important sources (see Table 7), there were notable differences in their 
discourses. Lower SES students and girls relied on parents as the most 
important source, but their parents often provided limited or inaccurate 
information. In contrast, higher SES students and boys used television as the 
most important source and obtained scientifically sanctioned information 
from television as well as their parents. For example, an African-American 
girl from a lower SES background described her failure to obtain information 
from her mother, as follows: 

S: 	 I just kept asking my mom what is a hurricane 'cause we 
were visiting my cousin, and then on the radio they said 
that there was going to be a hurricane. I asked my mom 
why hurricanes come. 

I: 	 What did she tell you? 
S: 	 She said she didn't know . . . . 
S: 	 I asked my mom where hurricanes come from and why it 

happens. She said she didn't know. 

In terms of ethnic differences, for many Caucasian students, the ideas from 
different sources seemed to be relatively consistent with one another as well 
as the view of Western science. In the following example, a Caucasian boy 
from a higher SES background described how he learned about the hurri- 
cane from television, his father, and his teacher in a consistent manner: 

S: 	 I was watching Channel 7 and Channel 4, telling you that 
this hurricane is coming and it shows Florida . . . Then, I 
saw that [pointing out the eye on the map1 in the middle of 
the hurricane. I asked my dad what is was, and he said, "It's 
the eye, the eye of the hurricane, and there is nothing 
inside." I saw it coming closer on television. And then, 
when it was August 24th, my dad said, "Today in the 



middle of the night, Hurricane Andrew is coming . . . ." 
[Ilescribes how his family prepared for the hurricane] . . . 
When we went back to school, my teacher taught us about 
the hurricane, how it formed, how strong was the wind, 
how to prepare for the hurricane, and stuff like that. 

For African-American and Hispanic students, the ideas they obtained from 
different sources were often incompatible with one another as well as the 
view of Western science. In the following example, a Hispanic boy from a 
higher SES background described his experience of confusion about the 
hurricane because of inconsistent information from various sources: 

I: I would like to know where you got your information. 
What did you learn from your parents? 

They told me how the hurricane forms and why the 

hurricane forms. 

What did they tell you about why it formed? 

'Cause probably we sinned against God, and the storm was 

sent to punish us. 

Ilid you believe that? 

I did not know what to believe. I was only 9. I got so 

confused . . . . 


What did you learn from TV? 


It showed how strong the wind was and how to prepare. 

And on television, it said that God did it and the devil did 

it . . .  


Ilid you study hurricanes in school? 
Yes, it was in fourth grade when we came back, the teacher 
was asking us, "How do you think it happened?" She was 
giving us information about how fast it was going. She 
drew an outline of Florida and drew a circle, and it showed 
where the eye was and the outside of it . . . . 

Some African-American and Hispanic students also expressed folk-oriented 
or myth-oriented theories about the hurricane that they heard from others, 
especially grandparents, parents, and other family members. Some examples 
include: 

S: 	 My grandma said that when the mango tree blew a mango, 
that is when a hurricane will be. 

S: 	 My mom told me that other people from other countries, 
they wanted to mess up with Florida and get them off track. 

S: 	 My mom said that she got all this strength. Once she lifted 
a whole mattress, a queen mattress to the window. She 
thought, she said, "It's like the devil or evil something 
going around." 

S: 	 The devil is in the ground, and God is in the sky. So God 
has the wind, and the devil has the water, so they put 
together. 
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When lightning and thunder comes and it rains, my sister 
always says it's God and the devil fighting. Because the sun 
dot is God and orange is the devil. She says that the water 
comes from when he beats someone up, and someone is 
crying. 

Conclusions, Discussion, and Implications 

The study examined elementary students' science knowledge and world 
views after they personally experienced a major natural disaster. The study 
also examined how science knowledge and world views were related to 
sources of information and discourses. The study addressed these questions 
with diverse ethnic, SES, and gender groups. 

Conclusions 

Even 1 1/2 years after the hurricane, most students provided detailed 
descriptions about their experience of it, gave reasonably accurate responses 
about hurricane preparation and damage, and recognized satellite maps and 
drawings of the hurricane. These responses were generally based on 
personal experiences or personally relevant information. In contrast, stu- 
dents' formal knowledge of the formation and development of the hurricane 
was limited, even though they had been exposed to information about the 
hurricane during the intense period of preparation and the long period of 
recovery. Thus, the students demonstrated an adequate knowledge based 
on their personal experiences, but they failed to develop a coherent 
understanding beyond their personal experiences or concerns. The experi- 
ence of the hurricane, despite its profound impact on the lives of all in the 
large community, did not ensure students' knowledge of this natural 
phenomenon (Ross & Shuell, 1993). In addition, there were significant 
differences among the groups. Overall, Caucasian, higher SES, and male 
students were more knowledgeable about the hurricane than African-
American and Hispanic, lower SES, and female students, respectively. 

Students generally understood that nature is the only, or primary, cause 
of the hurricane. Even those students, who personally believed in people/ 
society and supernatural forces as causes of the hurricane, responded that 
a scientist or a weatherperson would explain the hurricane in terms of 
nature. For example, one student said, "I'm talking about God, and they 
[scientists] are talking about scientific stuff like wind and rain." Despite their 
understanding of the hurricane as a natural event, many students personally 
believed that the hurricane was caused by social and supernatural forces as 
well as nature. There were significant differences in students' world views 
among ethnic, SES, and gender groups. Compared to lower SES students and 
girls, higher SES students and boys, respectively, emphasized nature more 
and supernatural forces less. Differences in world views were most signifi- 
cant among the ethnic groups. Caucasian students generally interpreted the 
hurricane as a natural event, separate from supernatural forces. They also 
believed that people or society, when they played a role, were the instru- 
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mental agents of change in nature. African-American and Hispanic students 
generally expressed alternative views, in which people or society, nature, 
and supernatural forces played a role in causing the natural disaster. 

Students constructed the meaning of the hurricane based on multiple 
information sources, including their personal experiences, family members 
and neighbors, scientifically sanctioned versions from school and news 
media, and social organizations such as churches. Although television and 
parents were the two most important sources, there were notable differences 
among ethnic, SES, and gender groups. Lower SES students and girls 
generally obtained limited or inaccurate information from parents as the 
most important source, whereas higher SES students and boys obtained 
scientifically based information from television as the most important source. 
Caucasian students generally obtained information from different sources 
that were relatively consistent with one another as well as the view of 
Western science, whereas African American and Hispanic students obtained 
information from sources that were often incompatible with one another and 
the view of Western science. 

Discussion 

The results indicate that information sources and discourses were related to 
students' science knowledge and world views in social and cultural contexts. 
In terms of ethnic differences, for Caucasian students, compatibility among 
information sources and discourses which were also consistent with Western 
science was related to the students' view of nature as a primary cause of the 
hurricane. In contrast, for African-American and Hispanic students, incom- 
patibility among information sources and discourses which were often 
inconsistent with Western science was related to the students' alternative 
views of multiple causes of the hurricane. These differences might also be 
related to more science knowledge of the hurricane of Caucasian students 
than African-American or Hispanic students. 

In terms of SES and gender differences, limited and inaccurate informa- 
tion from parents as the most important source for lower SES students and 
girls was related to their lesser science knowledge. In contrast, scientifically 
based information from television as the most important source for higher 
SES students and boys was related to more science knowledge. These 
differences might also be related to alternative world views expressed by 
lower SES students and girls compared to the view of nature as a primary 
cause of the hurricane by higher SES students and boys. 

The study was guided by three theoretical perspectives: cognitive 
science, sociocultural, and sociolinguistic. These three perspectives provide 
explanations for the interplay of science knowledge, world views, and 
information sources among diverse ethnic, SES, and gender groups. Infor- 
mation sources and discourses in children's social and cultural contexts 
present to the children new information which continuously interacts with 
their personal knowledge and experiences. Some of the information sources 
and discourses present scientifically based information and mainstream 
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Western views of the world, whereas others present limited or inaccurate 
knowledge and alternative views. The task of reconciling different, and 
sometimes incompatible, ideas poses greater challenges for African-Ameri- 
can and Hispanic, lower SES, and female students compared to Caucasian, 
higher SES, and male students, respectively (Aikenhead, 1996;Cobern, 1991; 
Dart, 1972; Maddock, 1981). The relationships among science knowledge, 
world views, and information sources from the three theoretical perspectives 
require further investigation. 

Implications for Science Teaching and Learning 

The results offer important implications for science teaching and learning for 
students from diverse social and cultural backgrounds. The research ques- 
tions highlight major issues in science education, such as what counts as 
science, what should be taught in school science, and how to make science 
accessible to all students, particularly for those who have traditionally been 
by-passed in science (Lee, 1997). Science education reform documents 
(AAAS, 1989, 1993; NRC, 1996) define a body of knowledge and a way of 
knowing in Western science as the proper domain of science. This notion 
of science has been challenged by scholars in emerging areas of multicultural 
education, feminism, and sociology and philosophy of science (Atwater & 
Riley, 1993; Eisenhart, Finkel, & Marion, 1996; Hodson, 1993; Matthews, 
1994; Rodriguez, 1997; Stanley & Brickhouse, 1994). 

Although science knowledge and understanding is an important goal for 
all students, the issue of world views or belief systems is a complex topic. 
The results indicate incongruence between the scientific world view as 
espoused in school science (AAAS, 1989, 1993; NRC, 1996) and the alterna- 
tive world views of many students. Even students who interpreted the 
hurricane as a natural event from a scientist's perspective personally be- 
lieved that the hurricane was caused by social and supernatural forces as 
well as nature. These alternative views were often expressed by African 
American and Hispanic, lower SES, and female students who came from 
sociocultural environments in which Western science might not play a 
central role. 

The science education community has been debating how to reconcile 
students' science knowledge and understanding with their world views or 
belief systems (e.g., debate between Cobern, 1994, and Smith, 1994). It has 
been a topic of contention whether science as a subculture can or should 
force students to accept the scientific world view at the expense of the world 
views dominant in their own sociocultural environments (Aikenhead, 1996; 
Loving, 1997). In this regard, the notion of "scientifically compatible views" 
has gained attention (Cobern, 1991, 1336; Cobern & Aikenhead, 1997). This 
notion promotes the scientific world view while recognizing and valuing 
alternative world views of diverse cultures. There needs to be recognition 
of diverse, alternative views in defining what counts as science and what 
should be taught in school science (Lee, 1999). 

The results indicate that one way to assess students' knowledge and 
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world views is to examine information sources and discourses in their social 
and cultural contexts. Ethnic minority, lower SES, and female students are 
more likely to bring into the science classroom their prior knowledge and 
world views, which may be incompatible with scientific knowledge and the 
scientific world view (Allen & Crawley, 1998; Cobern, 1991; Hewson, 1988; 
Loving, 1997). Science educators need to consider various social and cultural 
issues as well as individual needs of students from diverse backgrounds in 
the science teaching and learning process. 

To achieve scientific literacy for all students, it is important to establish 
a sound knowledge base about various ways of knowing, thinking, and 
communicating among diverse student groups in the science classroom. The 
results of this study indicate similarities and differences among diverse 
ethnic, SES, and gender groups of elementary students. The results also 
provide insights about how these students' ways of knowing are compatible 
or incompatible with school science. Such a knowledge base is necessary 
to design instructional interventions and curriculum materials that can meet 
the learning needs of all students, including socially and culturally diverse 
students. 

Notes 

The work is supported by the National Academy of Education Spencer Post-Doctoral 
Fellowship. Any opinions, findings, and conclusions and recommendations expressed in 
this article are those of the author and do not necessarily reflect the position, policy, or 
endorsement of the funding agency. The work is also partially supported by the University 
of Miami General Research Support Award. The author acknowledges the support of 
Charles Anderson, Sandra Fradd, Andrew Porter, and Walter Secada. The author also 
acknowledges many others who have assisted the study at various stages of data 
collection and analysis, including Linda Anthony, Victor Budzyn, Diane Aguilera, Susie 
Edwards, and Karen Paiva. The author appreciates the cooperation of all the students and 
teachers in the study. 

'Students did not show emotional outbreak during the interviews. Most students 
welcomed the opportunity to share their experiences and ideas. The teachers of the 
students often shared with the researcher positive responses from their students. To 
facilitate communication with the students and their teachers, the researcher worked with 
a coordinating teacher at each school site. The principals at both school sites were also 
supportive of the study. 

'Dr. Bob Sheets and Mr. Bryan Norcross were known throughout the period of 
Hurricane Andrew in South Florida. Dr. Sheets was Director of the National Hurricane 
Center located in Miami, Florida. Mr. Norcross was a weatherperson on a local television 
who became a local hero for his coverage of Hurricane Andrew. 
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