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ABSTRACT

This study reports the use of historically accurate narratives (short stories) to
simultaneously teach geology content and the nature of science in an introductory,
undergraduate geology course. The stories describe key events involved in the development
of geologists’ ideas about continental drift/plate tectonics and deep time/the age of the Earth.
The design of the stories provides a highly contextualized setting which is designed to
promote NOS and geology understanding by explicitly attending students to fundamental
concepts and requiring students to reflect on the short story content. Evidence is reported to
support the conclusion that students using these short stories constructed a better
understanding of 1) the variety of processes involved in the construction of scientific
knowledge, 2) the subjective nature of data that allows it to be interpreted differently by
different scientists, and 3) the roles that culture and society play in determining the way in
which scientific work is conducted and scientific ideas are constructed, while maintaining
equal levels of understanding of geology content when compared to students who did not use
the short stories. In some cases, students’ preconceptions about objectivity in science, the
degree to which scientific ideas can be considered as “proven” or “true,” and the role of
discovery in science appear to have adversely affected their ability to interpret the short story
content in the ways intended. In addition, students’ misconceptions about differences in how
oceanic and continental plates were formed and geologists’ use of relative and absolute
dating techniques, especially the appropriate uses of radio-isotopic dating, are described.

This study has implications for science instructors as they make efforts to efficiently

use class time and curriculum resources to teach about the both the content and context of



Xi

science and for geology instructors as they consider students’ misconceptions about plate
tectonics and deep time. In addition, this study presents a method for addressing concerns

about many students’ disinterest in science and the need to prepare a scientifically literate

population.



CHAPTER 1: GENERAL INTRODUCTION

Background

Science is a field that invokes a wide array of responses from students, commonly
including excitement, awe, apathy, and fear. Science instructors usually attempt to dispel
students’ fears and combat their apathy by relying on the elements of science that invoke
excitement and awe. Still, the end effect often is perceived by students to be more a task of
memorizing known facts than achieving an appreciation for the ways in which scientific
knowledge is built. In fact, students often have significant misconceptions about the nature
of science (NOS), or “what science is, how it works, the epistemological and ontological
foundations of science, how scientists operate as a social group and how society itself both
influences and reacts to scientific endeavors” (Clough, 2006, p. 463).

By the time when students enter college, they have often encountered multiple
implicit and explicit messages through education, interaction with media, and everyday usage
of science terms that have instilled deep-rooted misconceptions about the nature of science
(McComas, Clough, & Almazroa, 2000). For example, students often perceive science to
lack any element of creativity or imagination, to be a static and purely objective body of
knowledge rather than a dynamic understanding of the natural world that is influenced by
factors related to those who participate in building the knowledge and the society at large,
and to be a process where all scientists follow the same methods, allowing them to reach
common conclusions (Lederman, Abd-El-Khalick, Bell & Schwartz, 2002; Rudolph, 2000;
Songer & Linn, 1991). A study of the NOS can reveal fallacies in each of these perceptions.

Unfortunately, “for most science students, a description of the NOS is relegated to a few



paragraphs at the beginning of the textbook quickly glossed over in favor of the facts and
concepts that cram the remainder of the book and generally fill the course” (McComas, et al.,
2000). This approach is not only inadequate at providing detailed and well-contextualized
messages about the nature of science, but the heavy focus on memorizing and applying
science content also sends implicit messages that convey a contradictory message (Clough,
2006).
The Value of History of Science Materials to Illustrate NOS Concepts

One method that has been proposed to dispel nature of science misconceptions and to
integrate NOS materials throughout science courses is the incorporation of history of science
(HOS) materials into traditional science curricula (Conant, 1957; Klopfer & Cooley, 1963;
Lin & Chen, 2002; Lonsbury & Ellis, 2002; Stinner, McMillan, Metz, Jilak, & Klassen,
2003). These materials provide historically accurate details about how science concepts
developed in the context of particular scientific, social, and political settings. Materials
involving the history of science often demonstrate the human side of science — the idea that
emotions, political and social pressures, and subjective decision-making influence scientific
findings. Also, historical descriptions of science can show how scientific knowledge comes
into being and what is required for the body of scientific knowledge to undergo change — two
areas that are commonly misunderstood due to the “textbook-centered presentation of the
finished products of science” in science classes (Stinner et al., 2003, p. 618). By using
examples from the history of science to explicitly describe and explain the epistemological
nature of science, it is hoped that students will experience growth in their views of what

science is all about.



A more human view of science may help to allay some of the fear and apathy students
feel concerning science. Seeing the human side of science may have the effect of
encouraging more students to see it as an accessible means of gaining understanding about
their world, and perhaps even as a potential career path. In addition, the views concerning
science held by the population at large can influence social decisions about what types of
scientific studies should be funded and pursued; consequently, the view that citizens have
concerning science can have wide societal effects. Detailed portrayals of science as a way of
knowing may encourage more citizens to feel able and compelled to engage in discourse
concerning science decisions at both individual and public levels. Intentions similar to these
have been voiced by national science education policies and standards, which have identified
a goal of increased science literacy and have related science literacy to topics typically
considered part of the nature of science (National Research Council [NRC], 1996).

Many reasons have been proposed to explain why inclusion of science history can
make a valuable impact on NOS understanding. Lonsbury and Ellis (2002, Using Science
History to Teach the Nature of Science section, ] 1) state that “science history can provide
concrete examples to help students understand difficult science and/or nature of science
concepts.” Matthews (1994) asserts that incorporating science history allows for more
interdisciplinary understanding — showing connections both within different fields of science
and also between science and the humanities. Stinner et al. (2003) propose that history of
science materials provide opportunities to make students explicitly aware of nature of science
concepts, an approach that Abd-El-Khalick and Lederman (2000) demonstrated to be more
effective than the implicit approach of assuming that students will pick up on these ideas just

by studying science content.



In addition, science history provides an added focus on epistemology (how we know)
rather than just on science content (what we know). Stinner et al. (2003) describe that a
typical classroom practice is to present scientific ideas, such as Newton’s law of gravity, “as
if they were self evident and came full-blown to the mind of the great man” (p. 618). Such a
presentation leaves out the human, social, political, and economic aspects of science
epistemology, but inclusion of more details of the historical perspective could help to fill in
the picture, particularly if attention is explicitly drawn to the significance of these details.

Finally, Harding (1991) cautions against using the versions of science history that
currently predominate and that assume “that histories of intellectual structures can be
independent of the histories of the economic, political, and social environments in which the
intellectual structures emerge” and thus “[seek] simultaneously to reconstruct the logical
development of science and also provide a historical explanation for it” (pp. 221-222).
Science history, to be used effectively as an illustration of the nature of science, must
emphasize accurate portrayals of the economic, political, and social perspectives in which
scientific knowledge was framed.

While previous attempts to use HOS materials to teach science concepts and to
address NOS understanding have met with some success (Klopfer & Cooley, 1963; Lin &
Chen, 2002; Lonsbury & Ellis, 2002; Solomon, Duveen, Scot & McCarthy, 1992), little work
with college-level students enrolled in science classes has recently been documented. In
addition, many of the materials that have been developed have either focused on primary or
secondary level science or on teacher-education courses, and the few that have focused on

college science are largely out of print. A need exists for new materials that can be



incorporated into college science classes and that effectively address key science content
while simultaneously providing accurate descriptions of the NOS.
Purpose of Study

This study involves the use of materials specifically designed for a college-level
introductory geology course. This study and the development of these materials have been
supported, in part, by a grant from the National Science Foundation (Clough, Olson, Stanley,
Colbert & Cervato, 2006). The purpose of the study is to describe the NOS views of a group
of typical college-level introductory geology students and how these views may change due
to specific instructional strategies that attend the students to NOS ideas using stories from
science history. In addition, students’ understanding of the key science content areas
addressed in the short stories will be examined, with a hope that better understanding how the
ideas were developed may also improve students’ understanding of and ability to apply the
associated science content. The specific geology concepts focused on within this study are
the theory of plate tectonics and the concept of deep time as it relates to the age of the Earth.
The primary nature of science concepts addressed within the stories involve: the variety of
processes involved in the construction of scientific knowledge; the subjectivity involved as
scientists’ interpret data from their unique theoretical perspectives; the tentative, yet durable,
character of scientific knowledge; and the effects that culture and society have on science,
scientists, and the process of constructing scientific knowledge.

Materials

The materials used in this study consist of 1) four historically accurate short stories

that describe the development of scientists’ ideas about continental drift/plate tectonics and

deep time/the age of the Earth, and 2) a quiz designed to examine students’ understanding of



the geology and NOS concepts emphasized within the short stories. The short stories
describe the historical and social context in which the ideas were developed, scientific debate
that ensued at the time of development, and the processes involved as these ideas eventually
became accepted by the scientific community at large. The science concepts involved are
described through the use of scientific terms and descriptions that cohere with the type and
level of knowledge commonly expected in an undergraduate, introductory geology course.
Embedded within the stories are specific statements and open-ended questions that attend
students to and prompt students to reflect on the science and NOS concepts illustrated. In
this study, students read the stories and submitted written responses to the embedded
questions to fulfill a required homework assignment. Toward the end of the semester, the
students completed the quiz, which consisted of open-ended questions designed to examine
the students’ understanding of the science and NOS concepts emphasized in the short story
assignments.
Research Questions
This study will focus on answering three research questions.
1. How are geology students’ views of NOS affected by the use of history of science
materials in an introductory-level course?
2. How are geology students’ understanding of plate tectonics and deep time affected by
the use of history of science materials in an introductory-level science course?
3. What NOS misconceptions appear to interfere with learning as students interact with

the history of science materials?



Overview of the Methods
A mixed methods study was conducted utilizing qualitative methods to describe
students’ level of NOS and geology understanding, and quantitative methods to examine
changes in students’ understanding. The qualitative part of this work could best be described
as an interpretive study of the NOS and geology views that students have and how these
views may change while interacting with history of science materials in their coursework. In
particular, the misconceptions about the nature of science that students exhibited as they
answered questions related to the history of science materials are described and
characterized. The quantitative portion of the study involved making comparisons between
students’ views and contemporary accepted views about the NOS and geology to rate the
ideas held by these individuals, and then to measure to what extent use of history of science
materials generates statistically significant changes in the students’ ideas. A control/treatment
application was used, with control group students having no exposure to the HOS materials,
but being assessed for their NOS and geology content understanding toward the end of the
course. The treatment group was required to interact with the HOS materials as part of two
homework assignments during the course, and these students also responded to the same
NOS and geology content assessment questions toward the end of the course.
Terms
To ensure clarity about the meanings of some specific terms used in this study, the
following glossary is offered. Several of these terms will be discussed further in subsequent

chapters, but brief definitions are presented here.



The nature of science field is one that focuses on concepts such as the attributes of
science, characteristics of scientists, the processes used by scientists, characteristics of
scientific knowledge, and how the scientific community and society at large interact.

Although debates exist among various nature of science specialists concerning some
details of the various aspects of the NOS, in this work the terms more informed views,
currently accepted views, and contemporary views are used to describe NOS views that are
largely agreed upon among those who study the nature of science.

The terms misconceptions, alternative conceptions, and naive views are commonly
used in the literature to describe ideas about the NOS or about science concepts that
contradict with currently accepted views. In this work, the term misconceptions will most
often be used to describe these types of views, but citations from and descriptions of the
literature will often include these other terms also.

The term science educators is used to refer to specialists whose primary work is the
preparation of future science teachers, while the term science instructors is used to refer to
those who teach science courses (i.e. geology).

Historians of science are specialists who study science history, particularly examining
influences of socio-political influences on the scientific community, scientific work, and the
types of ideas considered by science within a particular historical context.

The participants in this study are students enrolled in an undergraduate, introductory
geology course; consequently, the terms participants and students are used interchangeably.

Interpretive qualitative research is a type of study intended to identify and describe
how the participants assign meaning to various ideas — in this case, ideas about the nature of

science and about essential concepts in the field of geology.



Coding is the particular method used in this study to examine writing samples of the
participants, looking for common themes and grouping together similar students’ responses
under descriptive category headings (open coding) and then defining relationships between

the various groupings (axial coding), as described by Strauss and Corbin (1998).



CHAPTER 2: LITERATURE REVIEW

The Nature of Science

Over the past several decades, science education has increasingly emphasized the
importance of including nature of science instruction in science classes (American
Association for the Advancement of Science (AAAS), 1993; National Science Teachers
Association (NSTA), 1962; NSTA, 1990). In addition, nature of science issues have
received attention from philosophers of science, historians of science, and theorists engaged
in critical reflection on science (Abd-El-Khalick, Bell, & Lederman, 1998; Harding, 1991;
Munro, 1993.) In fact, McComas and Olson (2000) have described that the nature of science
consists of a hybridization of the overlapping fields of the philosophy, history, sociology,
and psychology of science. Together, these fields help us to understand who scientists are,
how scientists work, general characteristics of scientists, the social traditions of science,
epistemological and ontological bases for science knowledge, and how science interacts with
the rest of society.

As might be expected based on the wide variety of individuals concerned with NOS
issues, there is no one single definition of NOS that can be applied in all situations. Some
aspects of the nature of science are contested, based on differences in the philosophical
underpinnings used, the field of science being studied (biology, geology, physics, etc.), and
an array of other factors (Alters, 1997; Rubba & Anderson, 1978; Wandersee & Roach,
1997). Alters (1997) surveyed a sampling of philosophers of science and found that eleven
different philosophical positions (comprised of varying degrees of reliance on a priorism,

conventionalism, positivism, and realism) could be delineated within the opinions of the



philosophers. Briefly, a priorism was described as the view that reason (separate from
observation or experience) can be used to determine what constitutes truth in science;
conventionalism suggests that truth does not independently exist, but is determined by the
individual as they set conventions around which they will conduct their work; positivism is
based on the idea that, if concepts are defined appropriately, experiment and observation can
lead one to find valid ideas; and realism is based on the idea that truth exists independent of
our thinking but we can never know for certain if what we have described is equivalent to
reality. Alters (1997) interpreted these results to mean that new instruments are needed to
characterize the NOS views of students and teachers based on the degree to which they
adhere to each of these four philosophical underpinnings. However, Smith, Lederman, Bell,
McComas, and Clough (1997) responded, arguing that general agreement about many
aspects of the NOS does exist, and Efflin, Glennin and Reisch (1999) described that this is
the case for the following NOS concepts: the main purpose of science is to acquire
knowledge about the physical world, science attempts to describe an underlying order to the
world, science is dynamic, changing, and tentative, and there is no one universal scientific
method. Consequently, these authors contend that most of the detail of various philosophical
underpinnings can be avoided both in teaching about and in characterizing students’
understanding of the NOS. While they acknowledged that areas of disagreement exist,
especially related to the extent to which social and historical factors impact science and
whether or not there is an external reality that represents truth that scientists can
describe/attain, they also asserted that discussions about these ideas are better left primarily
to the philosophers of science and that NOS instruction can acknowledge these differences

but should place primary emphasis on areas of broad agreement. 