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ABSTRACT
UNDERSTANDING OF EARTH AND SPACE SCIENCE CONCEPTS:

STRATEGIES FOR CONCEPT BUILDING IN ELEMENTARY
TEACHER PREPARATION

by
Nermin Bulunuz

Research on conceptual change provides strong evidence that not only children
but also many adults have incorrect or incomplete understanding of science concepts.
This mixed methods study was concerned with preservice and inservice teachers’
understanding of six earth and space science concepts commonly taught in elementary
school: reasons for seasons, phases of the moon, reasons for the wind, the rock cycle, soil
formation, and earthquakes. The first part of the study determined and compared the level
of conceptual understanding held by both groups on topics they will need to teach in the
Georgia Performance Standards [GPS]. The second part focused on whether readings or
hands-on learning stations, in some cases combined with concept mapping, improves
preservice teachers’ understanding of these concepts. The third part described the
application of conceptual change strategies of one group of preservice teachers during
their field placements. The overall sample was two cohorts of preservice teachers, one
cohort of preservice teachers from an alternative initial certification program, and two
masters’ cohorts consisting of inservice teachers. Four data sources were: a six item
open-ended survey, concept maps, the field assignments, and the researcher’s field notes.

Rubrics were used to score answers to each survey question. Concept map scores were

calculated based on the criteria developed by Novak and Gowin (1984).



The first part of the study shows that both preservice and inservice teachers have
low conceptual understanding of the earth science concepts taught in elementary school.
Independent samples t-tests results indicate that both groups have similar understanding
about these concepts. A two way ANOVA with repeated measures analysis demonstrated
that readings and learning stations are both successful in building preservice teacher’s
understanding and that benefits from the hands-on learning stations approached statistical
significance. A paired samples t-test shows that concept mapping added to the
participants’ conceptual understanding whether the participants learned the concepts
through readings or stations. Finally, field assignments allowed the participants to apply
knowledge that they learned in their science methods course in their classroom
placements. This study has implications for teacher preparation programs, staff

development, and conceptual change practices in field placements.
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CHAPTER 1
Introduction

It is in elementary school that many of the basic concepts about earth and space
science are introduced. Research shows that not only students but also preservice teachers
(Trumper, 2001; Trundle, Atwood, & Christopher, 2002) and inservice elementary school
teachers (Bulunuz & Jarrett, 2006) have many misconceptions in these areas. In the
National Science Education Standards [NSES] (National Research Council, 1996),
teachers’ misconceptions are highlighted as a serious problem. Elementary school
teachers need to have expertise to teach the entire science curriculum, including biology,
chemistry, physics, and earth and space science concepts at different grade levels. If
teachers are expected to teach these concepts, they must have scientific understanding of
these concepts as well as knowledge of how to teach these concepts effectively to their
students (Trundle, 1999). Teachers who don’t know they have misconceptions may pass
their own incorrect information on to their students. Teachers who feel insecure in their
knowledge of the concepts may merely assign readings from textbooks rather than teach
effectively.

This dissertation research is concerned with teacher understanding of six earth
and space science concepts that are often taught in elementary school: reasons for
seasons, phases of the moon, reasons for wind, rock cycle, soil formation, and
earthquakes. Although there is disagreement between the NSES (National Research

Council, 1996) and the Benchmarks for Science Literacy (AAAS, 1993) on when these



concepts should be taught, the recently developed Georgia Performance Standards
[GPS] (Georgia Department of Education, 2006) include all six concepts in the
elementary school curriculum. The following table indicates when these concepts should
be taught according to the NSES, the Benchmarks, and the GPS.

Table 1

Recommended grade levels for teaching six earth and space science concepts

Reasons  Phases of  Reasons Rock Soil Earthquakes
for the moon for cycle formation
seasons wind
NSES 5-8 K-5 K-4 5-8 K-4 5-8
Benchmarks 5-8 K-5 3-5 9 6-8 9-12
GPS 4 4 4-5 3-5 3 5

As can be seen in the above table, Georgia elementary school teachers must teach
all six of these concepts. Therefore, teacher understanding of these concepts and research
on how teachers can best learn these concepts is especially important in Georgia. Since it
is generally accepted that teachers should understand more science than they are required
to teach (Kikas, 2004), research on teacher understanding of these concepts also has
applicability to other states, where some of these concepts may be taught at upper grade
levels.

In addition to the teaching of specific concepts, this research examined the
effectiveness of various conceptual change strategies that could be included in teacher

preparation. Those strategies that are effective in building teacher understanding could be



incorporated into teacher preparation classes: (a) to model effective ways for teachers to
build their own conceptual understandings, as well as (b) to model ways in which
teachers can develop conceptual understanding in their students.
Definition of Terms

Participants in this study were preservice and inservice teachers, the names used
to differentiate the two groups. Where it is obvious that one or the other is referred to, the
term participant sometimes is used for variety. The term student is reserved for
elementary school children.

A concept, at the most basic level, is a mental representation that can be expressed
by a single word, such as human or insect, flower or red, area or velocity (Carey, 2000;
Zirbel, 2004). Two or more concepts may also be connected to build other concepts
representing a complex set of ideas; for example, “cells divide” or “the earth revolves.”
In addition, a concept can be a product of two other concepts, like, “potential difference”,
“electric current”, “resistance of wire”, and their relationships to each other. Depending
on the language we use, one can create new concepts that have special meaning. Ideas
can be expressed by more complex concepts, like “Darwin’s evolution theory”.
According to Zirbel (2004), groups of concepts can also act as building units for more
complex or abstract representations, for example “the Big Bang model of the universe.”
The terms conceptual understanding and development of conceptual understanding are
used instead of misconception when describing the proposed research. In the literature,
there are many terms referring to understandings that are not consistent with accepted
understanding of phenomena, including the term misconception. A misconception is

defined as a concept that is not in agreement with scientific understanding of natural



phenomena. In the science education literature, terms like “alternative conceptions”
(Hewson, 1981), “children’s science” (Gilbert, Osborne, & Fensham, 1982), “children’s
ideas” (Driver, Guesne, & Tiberghien, 1985), “preconceptions” (Carlsen & Andre, 1992),
and “non-scientific preconceptions” (Guzzetti, 2000) have been used in place of
misconception. All these terms imply that there is something wrong or incomplete, or do
not imply a process of conceptual change. Driver, Leach, Miller, and Scott (1996) define
conceptual change as a process of learning that involves making changes in students’
knowledge. According to Driver et al., conceptual change goes on all the time. When the
changes are not appropriate, the individual is likely to reorganize knowledge into a more
appropriate one. The term “conceptual understanding” implies a process (i.e., the
development of conceptual understanding) with different levels of understanding,
including: lack of understanding, incomplete understanding, and accepted scientific
understanding.

In this study, the term /imited understanding is used to describe understanding
that has fragments of scientific ideas but does not completely explain the scientific
answer to a question. Also, answers without elaboration were evaluated in this category.
If a person did not have any idea about a particular concept or left the answer blank, that
situation was evaluated as having lack of understanding. The terms incorrect
understanding and alternative conception are both used to describe understandings that
contained nonscientific fragments or misconceptions. Although misconception is used
here to describe what are referred to as misconceptions in the literature, incorrect
understanding is used instead of misconception (or other alternative terms) when

describing research methods and findings in this study.



The term, hands-on learning stations, refers to centers set up around the room
with instructions and materials for doing specific activities. At learning stations,
participants did hands-on activities, discussed procedures and results of the activities with
their partners, and answered questions in their journals. After a certain period of time
each group rotated to another station and experienced another set of activities.

Statement of the Problem

Students come to class with ideas about the natural world. It may be difficult for
people, both children and adults, to understand scientific phenomena, including earth and
space science concepts, because these concepts are difficult to visualize (Callison &
Wright, 1993). Prior knowledge of individuals might be correct, partially correct, or
incorrect with a misconception. Many researchers state that misconceptions play a crucial
role in learning by interfering with scientific understanding (Hewson, 1992; Trundle,
1999). It is expected that individuals with misconceptions have difficulty learning new
concepts because of the negative, blocking effect of their incorrect knowledge.

Middle and high school teachers generally teach specialized content. However,
elementary school teachers need to have a broad range of scientific knowledge to teach
their students. There is evidence that preservice (Atwood & Atwood, 1996; Dai & Capie,
1990; Stoftlett, 1994; Trumper, 2001) and inservice teachers (Kikas, 2004; King, 2000)
hold the same misconceptions as their students about earth and space science concepts. It
is very likely that these teachers can easily teach their incorrect understanding to their
students without even realizing it. Parker and Heywood (2000) mention teachers’
weaknesses with respect to subject matter and how this can then be transferred to

children. Since elementary teachers often take few science courses, especially in earth



science, one purpose of teacher education must be concerned with helping teachers
develop their conceptual understanding about scientific concepts (Parker & Heywood,
2000).

In various studies, researchers tried to investigate the answer to this question:
How can we change misconceptions? Research findings show that misconceptions are
highly resistant to change by traditional interventions (Dahl, Anderson, & Libarkin,
2005). Therefore, researchers have implemented various conceptual change strategies to
change naive ideas of preservice and inservice teachers about various science concepts.
For example, researchers have used strategies such as, hands-on activities (Haury
& Rillero, 1994), concept mapping activities (Kim, Germann, & Patton, 1998), analogies
(Yerrick, Doster, Nugent, Parke, & Crawley, 2003), and conceptual change texts (Cakir,
Uzuntiryaki, & Geban, 2002). Because it is difficult to overcome misconceptions by
using just one strategy, some researchers use different strategies and compare the effects
of various techniques in one study (Callison & Wright, 1993; Tekkaya, 2003).
Significance of Study

The present study is composed of three parts. The first part determined the
conceptual understanding held by preservice and inservice teachers on topics they might
need to teach using the Georgia Performance Standards. A finding that preservice
teachers have lack of understanding or have incomplete understanding of these earth
science concepts would suggest the need to include conceptual change strategies in
teacher preparation programs. A finding that inservice teachers have no better

understanding of these concepts than preservice teachers would suggest that teachers do



not necessarily learn these concepts while teaching. This finding would have implications
for staff development.

The second part of the study was designed to identify which conceptual change
strategies would be most effective in helping to improve preservice teachers’ conceptual
understanding. These strategies included: assigned textbook readings, hands-on learning
stations, and concept mapping. Findings that particular strategies were effective, alone or
in combination, would have implications for how these concepts should be taught to
teachers.

In part three, preservice teachers in the researcher’s class implemented conceptual
change activities in their field placements. As part of the assignment, they wrote guided
reflections (i.e., reflections guided by a list of questions) and the researcher observed six
preservice teachers at the same school to evaluate their teaching performance. These are
the areas the researcher looked at during her observations: how they chose the concept
they taught, how they constructed their own understandings as they were preparing
themselves to teach the concepts, how they determined the level of student conceptual
understanding, and how they implemented their conceptual change learning stations.
Rationale

The earth and space concepts selected for this study are currently taught at a broad
range of grade levels in the state of Georgia according to the Quality Core Curriculum
[QCC’s]. In the new standards (GPS), to be implemented during the 2006-2007 school
year, teaching the six earth and space science concepts was to be started at third, fourth,
and fifth grades based on GPS (See Table 1). However, even teachers of the primary

grades need to understand the concepts covered in this research, since many topics taught



in the primary years, such as classification of rocks and soil and observation of objects in
the sky, provide grounding for concepts taught at higher grade levels.

My interest in misconceptions stems from a study I conducted in Turkey on the
misconceptions of fifth graders concerning the fungus kingdom, an interest of mine as a
biology major. Having detected many misconceptions among children, I became
interested in whether teachers have similar misconceptions. The two geology classes that
I took in the Ph.D. program affected the choice of topic for my research apprenticeship
study, where I investigated the misconceptions of inservice teachers about reasons for
seasons, phases of the moon, rock cycle, and earthquakes (Bulunuz & Jarrett, 2006).
Finding that many inservice teachers had incorrect understanding of these phenomena, I
tried to build their understanding through hands-on learning stations. Although most of
the teachers developed more accurate conceptual understandings, some incorrect
understandings remained. Although that study helped me understand what inservice
teachers know in this field, I began to wonder what preservice teachers know about these
concepts and what other strategies might be helpful in changing their misconceptions.
Theoretical Framework

Conceptual change theories get their roots from the constructivist theory of Piaget
and social constructivist theory of Vygotsky. The philosophy of these theorists gives a
broad perspective on how individuals construct concepts and has influenced the design of
this study.

Piaget proposed that an individual constructs his own knowledge by adapting his
initial ideas and theories while engaged with the environment, either the physical

environment or through social transmission (Piaget, 1970). Using the terms assimilation,



accommodation, disequilibrium, and equilibration, Piaget explains how conceptual
development requires action on the environment, bringing exposure to new experiences
or ideas. For children, these actions must include concrete experiences with the physical
environment. Assimilating new experiences into current thinking may cause a state of
disequilibrium, if the new way of thinking does not fit current conceptual understandings.
Accommodation of thinking is necessary to again reach equilibrium, a process Piaget
calls equilibration. According to Piaget, assimilation and accommodation always work
together in the development of conceptual understanding.

A well-established theory of conceptual change developed by Posner, Strike,
Hewson, and Gertzog (1982) is derived from Piaget’s theory of constructivism. Similar to
the definitions of Piaget, Posner et al. (1982) defined assimilation as a process where
students use existing concepts to deal with new phenomena and accommodation as a
radical process in which students must replace and reorganize their prior concepts. In
their conceptual change theory, Posner et al. (1982) define four conditions under which
conceptual change occurs. These conditions are:

1. There must be dissatisfaction with existing conceptions.
2. A new conception must be intelligible.

3. A new conception must appear initially plausible.
4. A new concept should suggest the possibility of a fruitful research program.

(p. 214).

For study participants who had weak understanding of the concepts assessed on
the pretest, attempting to write explanations might have caused dissatisfaction/
disequilibrium. A goal of part two of the study was assessing whether reading about
topics (social transmission) or engagement with the physical environment (hands-on

learning stations) improved effectiveness in promoting accommodation and the
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development of conceptual understanding (equilibration). Post assessment rubrics
attempted to determine the intelligibility and plausibility of any new conceptions
developed.

In his social constructivist theory, Vygotsky presents three important ideas that
are applicable to concept development (Vygotsky, 1978): zone of proximal development
[ZPD], scaffolding, and social interaction. He defines ZPD as the distance between the
most difficult task an individual can do by himself and the most difficult task an
individual can do with other people’s help. Vygotsky describes scaffolding as the
assistance given to a student by a teacher or peer. In general, Vygotsky asserts that
individuals’ cognitive development is affected by their social interactions with their
teachers and peers. According to him, people learn new concepts by asking questions or
giving answers (Vygotsky, 1978). Vygotsky’s theory is applied in this study in the design
of group situations for learning concepts. The preservice teachers worked in groups at
learning stations and during the concept mapping activity. They were encouraged to
discuss the phenomena they were observing, asking each other questions, and arguing
about interpretations. In addition, the researcher did scaffold the preservice teachers as
she moved from station to station, clarified instructions and asked questions.

Research Questions

The following questions guided the design of this study and data analysis:

1. What initial conceptions do preservice and inservice teachers have about the following
earth and space science topics: reasons for seasons, phases of the moon, reasons for wind,

rock cycle, earthquakes, and soil formation?
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2. Is there a difference between preservice and inservice teachers in their understanding
of these concepts?

3. Are hands-on learning stations more effective than readings in clarifying earth science
concepts as measured by rubric scores and concept maps scores?

4. Does concept mapping improve rubric scores for those who experienced the learning
station activities compared to those who read text explanations?

5. How do preservice teachers apply conceptual change strategies in their field
assignments on conceptual change?

Overview of Methodology

This study involved a mixed-method research design with quantification of
answers to open-ended survey questions using parametric descriptive and inferential
statistics, and qualitative analyses of a field assignment of preservice teachers and
researcher’s field notes. There were three parts to this research study: (a) the first part
included the first and second questions and involved three cohorts of preservice teachers
(two undergraduate and one alternative certification) and two cohorts of inservice
teachers; (b) the second part included the third and fourth questions and involved the two
undergraduate preservice cohorts; and (c) the third part used the fifth question and
involved just one of the undergraduate preservice cohorts.

In part one, the first goal was to assess preservice and inservice teacher
understanding about reasons for seasons, phases of the moon, reasons for the wind, rock
cycle, soil formation, and causes of earthquakes by using an open-ended survey (see
Appendix A). A six-question survey was administered to three cohorts of preservice

teachers and two cohorts of inservice teachers. Responses were scored as 1, 2, or 3 by
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using a rubric: A score of / was given for no response, incorrect answer or clearly
evident lack of conceptual understanding. A score of 2 represented a partially correct
answer or one that had no elaboration. A score of 3 represented an answer integrating an
accepted scientific perspective and clear elaboration. The scoring rubric is found in
Appendix B. Using means and frequencies, level of understanding on each question was
described.

A second goal of part one was to determine whether inservice teachers have
developed a better understanding of these concepts than preservice teachers. To answer
question two, the overall rubric scores of the preservice and inservice teachers were
compared using independent samples t-tests.

The purpose of part two of the study was to investigate which strategies were
helpful in improving preservice teachers’ understanding of the six concepts stated above.
Three instructional interventions were implemented with two cohorts of undergraduate
preservice teachers, using a convenience sample. The three interventions were: reading
text, participation in hands-on learning stations, and creating concept maps. The survey
questions related to the readings were re-administered after the readings and the survey
questions related to the learning stations were re-administered after participation in the
learning stations. For the concept mapping strategy, participants worked as teams of two
or three people mapping two different concepts, one concept they read about and one that
was included in the learning stations. The teams were randomly assigned the concepts
they would map. The concept maps were scored by using the scoring system developed
by Novak and Gowin (1984) (See Appendix C). The survey was administered a third

time after the concept mapping activity. The participants’ answers gave an idea about
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which strategies or combination of strategies developed better understanding of these
concepts.

In part three of the study, preservice teachers in the researcher’s science methods
class implemented a conceptual change activity in a hands-on station in their placements.
To do that, they got further instructions on conceptual change and conceptual change
strategies from the researcher. The preservice teachers wrote guided reflections at the end
of their field experiences and turned them in to the researcher. In their guided reflections,
preservice teachers were expected to answer seven open-ended questions about the
process that they went through. In addition, the researcher observed six preservice
teachers at the same school to evaluate their teaching performance in their classrooms.
While the researcher was observing the participants during their lessons, she took field
notes and evaluated them on specific criteria. The guided reflections of preservice
teachers and the researcher’s field notes were analyzed qualitatively to learn about the
preservice teachers’ application of conceptual change strategies with their students.
Summary

A main expectation from schools is to produce scientifically literate students for
the future. In order to accomplish this goal, teachers of these students need to be well
educated with accurate scientific knowledge. As teacher educators, it is necessary to
know what teachers already know about scientific concepts and which strategies are most
effective for developing conceptual understanding. This research assesses the knowledge
of preservice and inservice teachers, assesses a variety of methods for learning about
earth science concepts, and analyzes what was learned and taught and by preservice

teachers through a field assignment involving conceptual change.



CHAPTER 2
REVIEW OF LITERATURE
This literature review covers: (a) research on conceptual understandings of
children, older students, and preservice and inservice teachers about reasons for seasons,
phases of the moon, reasons the wind blows, rock cycle, reasons for earthquakes, and soil
formation; (b) developmental theories on concept development; (c) the different
perspectives of conceptual change theories (i.e. conceptual change theory, revisionist
theory, and other theories that discuss ontological, socio-motivational, and
multidimensional perspectives of conceptual change); and (d) research on the
effectiveness of common conceptual change strategies (e.g. conceptual change texts,
refutational texts, concept maps, analogies, and hands-on activities). Then, this chapter
presents the body of research on practices of instructors in teaching conceptual change in
science methods courses. Finally, the review reports research on outcomes and the
reflections of preservice teachers’ field experiences based on their implementation of
teaching conceptual change to students.
Underlying Problem: Incorrect Understanding of Earth and Space Science Concepts
Researchers have studied the conceptual understanding of students about earth
and basic astronomy concepts at a broad range of grade levels, such as elementary school
(Benacchio, 2001; Blake, 2001; Hawley, 2002; Muthukrishna, Carnine, Grossen, &
Miller, 1993; Ross & Shuell, 1990; Ross & Shuell, 1993; Schoon, 1992; Stahly,

Krockover, & Shepardson, 1999), middle school (Bisard, Aron, Francek, & Neslon,
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1994; Ford, 2003; Rider, 2002), high school (Marques & Thompson, 1997), and college
(Kikas, 2003).
Conceptual Understanding of K-12 Students

Reasons for Seasons

Various studies investigated misconceptions about reasons for seasons. The most
common misconception, that “seasons change because the earth’s distance from the sun
changes,” is referred to “distance theory” (Muthukrishna et al., 1993). In his cross-age
study, Schoon (1992) found that 77.6 % of the students held distance theory as the
primary misconception.
Phases of the moon

Research has been conducted at almost every grade level about misconceptions on
the phases of the moon. The common misconceptions on this topic were the ideas that the
phases of the moon are caused by “the earth’s shadow on the moon,” “clouds,” and “the
sun’s shadow on the moon" (Rider, 2002, and Schoon, 1992). Benacchio (2001) listed a
few of the typical misconceptions about the Moon that Italian children have, such as
“Moon is emitting light, exactly as the sun does; different observers see different moon
phases at the same time; and in the moon there is no gravity” (p.52). Many students do
not understand that actually an “eclipse” not “the phases of the moon” occurs because of
the earth’s shadow on the moon. Schoon (1992) reported one of the primary
misconceptions by 48.1 % of the students to be that the moon's phases are caused by the
shadow of the earth. Similarly, Stahly et al. (1999), in a study of four third-grade
students’ conceptions of the lunar phases, found that the students confused eclipses and

phases of the moon.
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Rock Cycle

Children’s alternative conceptions for describing and classifying rocks center on
simple physical characteristics such as color or shape and reveal only very limited ideas
about the origin of rocks (Blake, 2001; Happs, 1985; Hawley, 2002; Ford, 2003). Blake
(2001) investigated the understandings of 7-11 years-old children in England about rocks.
In his study, the children were asked to classify seven representative rock specimens,
such as: sandstone, granite, slate, limestone, basalt, conglomerate, and gneiss. Also, the
researcher asked the children to write down the reason why certain specimens were
included. Blake found that the children classified rocks on the basis of simple physical
characteristics, which included shape (30%), color (33%), and feel (77%). In a case study
of 14 year-old students’ understanding of rocks, Happs (1985) found that students did not
group rocks in terms of their origin; but rather sorted them according to everyday
categories, such as “shiny rocks” or “ordinary rocks”.

Children’s conceptual understandings about rock formation and rock cycle were
investigated by various researchers (Ault, 1984; Ford, 2003). Ault (1984) compared third
and fourth graders’ conceptions and understandings about rocks before and after his
class. The researcher states that before the students had learned the model of horizontal,
continuous strata of rocks under the ground, most of them thought that the earth was
mostly dirt and full of stones. He called it “earth-is-dirt-and-stone” conception. The
author reported that after the class, the students understood the idea of layered strata of
bedrock. In addition, some of the examples from the students’ ideas are given as: rocks
travel, rocks come from under the earth, rocks come from volcanoes, and rocks fall from

the moon. Ford (2003) investigated definitions and explanations of sixth graders about
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rocks and rock formation. The researcher concluded that the students were thinking the
rock cycle as laundry that goes through the wash cycle like conversion of one rock type
to another. In addition, the author detected an additional misconception among the
students’ answers that: “only igneous and sedimentary rocks can become metamorphic
rocks” (p.375).

Causes of Earthquakes

Research on misconceptions about earthquakes studied students in elementary
school as well as at higher grade levels. Ross and Shuell (1990) conducted research with
fourth through sixth-grade students about the definition and causes of earthquakes.
According to the researchers, the majority of the students correctly think that earthquakes
are caused by built up pressure, tectonic plate movement, and the release of energy at
zones of weakness in the Earth. However, the authors noted that some students had
unclear or incorrect understandings about earthquakes. Some students thought that an
earthquake is caused by the earth’s core moving to the surface, the layers of the earth
fighting, and atmospheric conditions.

In a subsequent study, Ross and Shuell (1993) focused on K-6 grade students’
understandings on the following questions: what is an earthquake, what causes
earthquakes, and what happens on the ground when there is an earthquake? They found
that the question about causes of earthquakes seemed difficult for many students, and
75% of them answered that they did not know what caused an earthquake. Ross and
Shuell reported that some of the students thought the causes of earthquakes were: core
movement, pressure, plates, rocks moving, colliding, faults, and volcanoes. However,

they did not understand how these might be related. Also, the authors state that some of
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the students were confused between earthquakes and other natural phenomena, and
responded that “an earthquake and a volcano are the same thing.”
Reasons for the Wind

Students’ conceptions about weather have been investigated since the early
1900's. Piaget (1929) is one of the earliest researchers who focused on children’s weather
conceptions such as, clouds, rain, snow, ice, thunder, lightning, and wind. According to
Piaget, as children develop between ages 5-11 they tend to give different answers to the
same question related to the weather. For example, a six year-old child might say God
caused the weather, an eight year-old might give an answer based on an analogy (e.g.
clouds were made of smoke), but a ten year-old child might often give a scientific
answer. Some of the conceptions of children about the wind at different ages reported by
Piaget (1929) are: "the wind brings cold weather (5-1/2years-old); the wind comes from
the sky and someone blows the wind from the sky (6 years-old); it is the snow which
brings the cold and the wind (8 years-old); it is cold in winter because the wind blows (10
years-old); and there is wind only if the weather is cold (13 years-old).”

In the last three decades, understanding of the concept wind became one of the
weather concepts that researchers tried to investigate with students in elementary school
(Stepans & Kuehn, 1985), middle and high school (Aron, Francek, Nelson, & Bisard,
1994; Papadimitriou & Londridou, 2001; Spiropoulou, Kostopoulos, & Jacovides, 1999),
and college (Nelson, Aron, & Francek, 1992). These authors agreed that concepts
associated with the wind are generally poorly understood by the students. In their cross-
age study (12 to18 years-old), Papadimitriou and Londridou (2001) found that in spite of

the fact that all of students were aware of the movement of atmospheric gases in all
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directions, most of the them have a misconception that “gravity” is the only determining
factor that affects the vertical motion of gases. In other words, students think that gases
move vertically because of their gravity.

Many children think that the wind is the cause of movement of air masses
(Papadimitriou & Londridou, 2001). Children can visualize the movement of warm air
and cold air in a circular motion. However, Papadimitriou and Londridou think that their
answers are mechanically correct but scientifically incorrect. That is, the warm air goes
up and by that it is getting colder, heavier and thus it goes downward. But, this answer
does not really have full scientific understanding about why the wind blows. Children are
taught in schools that air pressure and temperature are related to wind generation.
However, according to the same researchers, children can sometimes either confuse air
pressure with “force” or their senses can affect their way of thinking. TV weather
forecasts, which affect children in constructing their own views about the generation of
weather, might be the reason for this confusion (Papadimitriou & Londridou, 2001).

Some researchers reviewed common weather conceptions at various grade levels
(e.g. Dove, 1998; Henriques, 2002; and Nelson, Aron, & Francek, 1992). Dove (1998)
lists various common alternative conceptions in this field. Some of the examples for
Grade K-5 students are: “clouds block wind and slow it down; cold temperatures produce
fast winds; wind is caused by God, man, breathing, machines, trees and movement of
clouds” (p.66).

Soil Formation
Although soil is crucial for life, research on conceptual understandings about soil

(or dirt) and soil formation at every grade level is limited. Researchers suggest interesting
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and effective hands-on science activities about the structure of soil and soil formation for
elementary students and teachers (Furlough, Taylor, & Watson, 1997; Eswaran,
Kupelian, Levermann, & Yost, 1990). These researchers think that although students may
not understand how rocks are formed or the nature of many geological processes, most
students are quite familiar with the soil in their own backyards. Therefore, they believe in
educating students about elements of soil and introducing them to the techniques of the
soil scientists (Eswaran et al., 1990).

According to Dove (1999), students develop alternative conceptions in physical
and environmental geography for a variety of reasons. One of these reasons is that,
children tend to apply broad generalizations to specific cases in geography. The
researcher shows some of these reasons, together with specific examples including the
ones about soil formation. Dove gives an example from the study conducted by Nelson et
al. (1992). Nelson and his colleagues report that children think all shallow soil profiles
are young, whereas in deserts, for example soils are thin and old because little weathering
can take place.

Conceptual Understandings of Adults

The research on college students (Libarkin, Anderson, Dahl, Beilfuss, & Boone,
2005; Trumper, 2000), preservice teachers (Abell, Martini, & George, 2001; Atwood &
Atwood, 1996; Bereki, 2000; Callison & Wright, 1993; Dai & Capie, 1990; Kusnick,
2002; Rice, 2005; Stofflett, 1993; Trumper, 2001; Trundle, Atwood, & Christopher,
2002), and inservice teachers (Bulunuz & Jarrett, 2006; Kikas, 2004; King, 2000; and
Parker & Heywood, 1998), suggests that many people do not have enough scientific

understanding about earth and space science concepts.
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Reasons for Seasons

Atwood and Atwood (1996) surveyed and interviewed preservice elementary
teachers on the reasons for seasons. The researchers state that the most common
misconception was the proximity of the earth from the sun (distance theory). According
to them, the thinking seems to be that when part of the earth is tilted toward the sun, it is
closer to the sun, and thus gets hotter; and when part of earth is tilted away from the sun,
it is farther for the sun, and thus gets colder. Other examples given by the participants

99 <6

were indicated as “the rotation of the earth on its axis,” “the way the earth positioned on
its axis” and “the part facing the sun is having summer” (p.557).

On the other hand, Kikas (2004) investigated 198 inservice teachers’ conceptual
understanding on seasonal changes. She found that 91 % of the elementary and 93 % of
the science teachers gave the scientifically correct answer to this question. However, the
researcher thinks that they did not understand the physical reasons for seasonal changes
like the basics of optics and mechanics, etc. Kikas reported some complicated
explanations, such as the seasons are mainly caused due to the angle between the axis and
the orbit, etc. Similarly, Parker and Heywood (1998) worked with inservice teachers to
understand their explanations about reasons for seasons. In addition to distance theory,
they found another main alternative conception that is called wobbly earth. They defined
wobbly earth as “the oscillation of earth’s axis in summer and winter” (p. 510).

Phases of the Moon
In the literature, teachers’ misconceptions on the phases of the moon are very

similar to the students’ misconceptions. Trundle et al. (2002) focused on the conceptual

understanding held by preservice teachers about moon phases. The researchers reported
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that their participants had alternative conceptions, e.g., that the moon phases are caused
by the earth’s shadow on the moon (eclipse) and the earth’s rotation on its axis. Callison
and Wright (1993) investigated preservice teachers’ conceptions about earth-sun-moon
relationships. They reported some of the common misconceptions held about what causes
the phases of the moon: the earth’s shadow, the clouds, the Earth’s and the moon’s tilt.
Parker and Heywood (1998) investigated inservice teachers’ misconceptions about the
moon phases. These researchers found the majority of the teachers thought that the
earth’s and other planets’ shadows onto the moon caused the moon phases.
Rock Cycle

Kusnick (2002) conducted research with preservice teachers in her geology class
to investigate their understandings about rock formation. The researcher states that most
of the participants had misconceptions. Some of the participants’ ideas were as follows:
rounded pebbles or rocks found near the rivers must be sedimentary rocks, and rocks are
formed by sediments sticking together at the bottom of rivers. In addition, Kusnick states
that some of her students thought sedimentary rocks are formed through catastrophic
events, such as earthquakes or explosive volcanic activity. Stofflett (1994) investigated
preservice teachers’ knowledge about rock cycle processes. The researcher gave three
rock samples (granite, sandstone, and gneiss) to her students and asked questions about
how each rock formed, how the distinguishing features formed, and which rock group
each belongs to. According to the researcher, the preservice teachers understood igneous
rocks more easily than sedimentary rocks.

Dove (1996) conducted a study with the first year preservice teachers and asked

them to recall any rock types they knew and then to identify hand specimens. The
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researcher reports that the participants identified a piece of slate as a sedimentary rock,
rather than a metamorphic one, simply because it contained layers. According to her, the
preservice teachers did not think slate and coal were rocks, but rather a building material
and source of energy. In addition, the author states that students called a polished
specimen of granite marble because if its smooth appearance.

Rock cycle is a concept about which both preservice teachers and inservice
teachers tend to hold lack of understanding, either incomplete or incorrect understanding.
Bulunuz and Jarrett (2006) investigated conceptual understanding of inservice teachers
about the rock cycle by using open-ended questions. The researchers reported that most
of their participants left the answer blank or responded on the pretest that they did not
know. Only a few of the participants mentioned three different types of rocks in their
answers (igneous, sedimentary, and metamorphic) and none of them mentioned
scientifically the conversion of one type of rock to another. The formation process of
each rock type can also be confused by inservice teachers (Bulunuz & Jarrett, 2006). One
example from the same study is that inservice teachers think that "sediments come
together to form metamorphic rocks, they break apart and form metamorphic rocks, and
pieces come together to form igneous rocks" (p.9).

Causes of Earthquakes

Misconceptions about earthquakes and plate tectonics seem to be common, even
amongst the college students and teachers who teach these topics (Libarkin et al., 2005;
King, 2000). According to King (2000), this is not surprising because plate tectonics is
taught to children at the ages of 11-14 in geography courses, but usually as a factual

model. Libarkin et al. (2005) investigated the conceptual understanding of college
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students about the causes of earthquakes. According to them, gas pressure, gravity, the
rotation of the earth, exploding soil, expansion of the Earth, and volcanoes were
considered as the main causes of earthquakes among the participants. King (2000)
investigated teachers’ understandings about plate tectonics and the cross-section of the
Earth. The author reported that half of the teachers did not give the correct names to the
Earth’s sections. For example, some of the participants did not know the outer core is
liquid and the inner core is solid and about the movements of the super continent
“Pangea.” He believes that if the teachers have scientific understanding about the states
of the Earth’s sections, they would better understand the plates’ movement.
Reasons for the Wind

Not only elementary and middle level students but also college students and
preservice teachers hold some incorrect understandings about atmospheric phenomena.
Aron et al. (1994) conducted a study with a mixture of 708 high school students and
preservice teachers and found lack of understanding concerning atmospheric processes
and phenomena at all age levels with preservice teachers being very similar to high
school students. Also, the authors conclude that the misconceptions of preservice teachers
were similar to those of college students taking introductory science classes, suggesting a
lack of significant improvement through the undergraduate experience.
Soil Formation

Happs (1984) clinically interviewed New Zealand students at high school, teacher
training college, and university level about the structure and formation of soil. A
comparison between children, adolescents, and soil scientists showed that students held

many nonscientific ideas concerning the nature, origin, age, and changes of soil. Some of
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the examples to the question “What is soil?”” are: “soil is a medium for plant growth and a
home for small animals; soil is a food for living things; and soil is dirt” (p.177). The
alternative views to the question “where does soil come from?’ are: “soil has always been
there; soil has formed from chiefly vegetation and volcanic source; God created soil; soil
is dinosaur manure” (p. 178). According to the author, the students think that soil does
not change or rock may change into soil only via surface weathering.

Preservice teachers tend to confuse the concepts underpinning “weathering” and
“erosion” related to soil formation processes (Hutchinson, 2002). Dove (1999) argues
that the reason for confusion is that both processes are concerned with the lowering of the
land surface and operate over a long time period. Dove believes that students often
believe weathering is a pre-requisite to erosion; however, they do not think these
processes operate together and are dependent on each other. This makes these processes
and soil formation difficult for children to understand.

Developmental Theories on Concept Development
Piaget’s Cognitive Developmental Theory

Piaget (1970) proposed that an individual cannot form or build concepts by
himself; instead, each individual constructs his knowledge by using current ideas and
theories while interacting with the physical environment. The interaction between an
individual and a material will aid learners in building and learning various concepts about
natural phenomena. For example, if the teacher only lectures about the parts of a plant
and its growth from textbooks, the children may memorize without developing
conceptual understanding. However, if the teacher can take the students to the school

backyard and let them dig the soil, plant a crop, water it, and keep track of its growth,
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then they will have an idea about a plant’s structure and growth. Piaget argues that
students cannot learn concepts simply by repeating prior knowledge. Rather, they need to
develop knowledge by exploring and investigating.

According to Piaget (1970), every person has schemes, general ways of thinking
about ideas and objects that they start using in the infant years and continue with
throughout life. Our way of thinking changes very fast, depending on our biological and
intellectual growth rate and ranges from simple to abstract (Berger & Thompson, 1996).

In concept formation, Piaget explains two interrelated processes: organization,
and adaptation (Piaget, 1970). People organize their ideas to make logical connections
between them. Piaget defines the term adaptation by using two other terms: assimilation
and accommodation (Piaget, 1970). Piaget argues that to experience “assimilation,” an
individual must act on the objects or materials in the environment. Because of this action,
an individual incorporates the new concept into a current one. Piaget calls this situation
“assimilation.” If the new way of thinking does not fit his present way of thinking, the
individual experiences a state of “disequilibrium.” One might experience disequilibrium
when an unexpected thing occurs in life. At that point, two things can happen: another
person might help us to clarify the conflict by giving more information, or we might act
further on the same material to resolve the unexpected situation ourselves. Piaget calls
this situation “accommodation,” that is the adjustment of existing ideas to new
experiences. After accommodation, an individual is expected to reach the state of

“equilibrium,” that is the final stage of adjustments of concepts (Piaget, 1970).
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Four Developmental Factors

Piaget argues that the process of development is based on four different factors:
a) maturational (biological) factors, b) experience with physical environment, c) social
transmission, and d) equilibration (Piaget, 1964). According to Piaget, equilibration is the
process that unifies the other three factors. He believes that maturation is important and
necessary, but it does not explain everything. Cognitive and social interaction of an
individual with his environment is also required for learning. The learner must be
physically active to learn new concepts and develop intellectually. Piaget also values
social transmission as an important way to learn new ideas, concepts and theories from
parents, peers, or teachers. Whereas, “equilibration” is the term that Piaget uses for
unifying all three processes.

Vygotsky’s Theory of Social Constructivism

Like Piaget, Russian psychologist Lev Vygotsky (1978) argues that children start
to form concepts long before they attend school. Through play, most the children first
begin to sort, classify, and count before preschool or pre-kindergarten, forming initial
science and math concepts. When children start elementary school, they improve their
concepts in science and arithmetic by building on their preschool concepts.
Zone of Proximal Development

One of the most important constructs in Vygotsky’s theory is that of the zone of
proximal development or ZPD. He defines this concept as the distance between the most
difficult task a child can do by himself and the most difficult task a child can do with
other people’s help (Vygotsky, 1978). Vygotsky defines the actual development level as

the level of development of a child’s cognitive functions that has been formed as a result
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of already completed cognitive processes. It means, at this level, children can grasp the
new concepts without any difficulty. Vygotsky argues that if one wants to teach a new
concept that does not match with the actual developmental level of the child, the child
will not able to learn or understand that particular concept unless he has extra assistance
from adults or peers. However, he may easily grasp the same concept a year later without
any help. According to Vygotsky, children learn concepts based on their actual
developmental levels rather than their chronological age levels (Vygotsky, 1978).

Vygotsky uses the term “scaffolding” to describe the assistance a teacher or peer
gives to a child (Vygotsky, 1978). Like a scaffold used by a housepainter working on a
house, teachers or peers can help a child to learn new concepts and form his
understandings by giving supporting information. But, if that assistance does not match
the actual mental level of the child, learning does not occur.

Social interaction. Social interaction between the child, adults and peers
accelerates or enhances the process of scaffolding. According to Vygotsky (1978),
children learn new concepts by asking questions or giving answers, by imitating other
people, and also by getting instruction from adults that tells children how to act.
Language is the key factor that explains the impact of social interaction between a child
and his environment. Although cognitive development starts long before children actually
start talking, active use of language aids children in expressing themselves in a useful
way for building concepts. Children learn and develop concepts from each other because
of their speaking and listening abilities (Mooney, 2000).

Most current theories of conceptual change are heavily influenced by Piaget and

Vygotsky’s developmental theories on concept development. These theories explaining
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how people intentionally change other people’s initial understandings are discussed in
turn.

Theories of Conceptual Change

The Conceptual Change Theory

Influenced by Piaget (1951) in the early 1980’s, a group of science education
researchers and philosophers at Cornell University developed “the conceptual change
theory” (Posner, Strike, Hewson, & Gertzog, 1982). These researchers adopted the
Piagetian ideas of “assimilation” and “accommodation” as well as Thomas Kuhn’s
(1970) description of “scientific revolution.”

In his book The Structure of Scientific Revolution, Kuhn (1970) defined the
concept of “paradigm shift” in the process of scientific revolutions. Kuhn argues that
scientific advancement is not evolutionary or a slow process, but rather is a series of
revolutions or sudden changes. According to him, first, people need to be aware of the
failure of one way of thinking to provide solutions to significant problems. Kuhn called
this situation “state of crisis” that is similar to Piaget's idea of "disequilibrium." Then, an
alternative way of thinking that is assumed to have potential to solve the problems
replaces the previous one, like the discoveries of Galileo in physics and astronomy.

Posner et al. (1982) argued that before an accommodation occurs, a person must
have various “anomalies” similar to Kuhn’s state of crisis. When a person realizes that
his current concepts are unsatisfactory to solve problems, the person replaces the
previous concept with a new one that causes a conceptual change. Thus, Posner et al.
applied Kuhn’s ideas about scientific revolutions to their conceptual change theory.

Kuhn’s ideas are similar to the Piagetian cognitive theories that explain the learning
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potential of conflict situations. A synthesis of both Piaget’s and Kuhn’s ideas inspired
Posner and his colleagues to propose their learning theory. It then became the most
widely accepted theory dominating the field of science education up to present time.

As mentioned earlier, Posner et al. widely used the terms assimilation and
accommodation adapted from Piaget’s cognitive developmental theory. They defined
assimilation as a process where students use existing concepts to deal with new
phenomena. Moreover, they defined accommodation as a radical process in which
students must replace and reorganize their prior concepts. In this theory of
accommodation, these theorists basically tried to define two different areas. These are the
conditions for accommodation and the concept of conceptual ecology.

Conditions for Accommodation

Posner et al. hypothesized four conditions that must be fulfilled before
accommodation can occur. The first condition is dissatisfaction in which learners first
realize that their conceptual understanding does not solve their problem. The second
condition is intelligibility in which learners are able to repeat the main points of the
concept to others. The third condition is plausibility in which the new concept needs to
make “more” sense than the old one. The new concept needs to have the capacity to solve
the problem better. The last condition is fruitfulness in which the new concept not only
should do more than solve the problem, but it also open up new areas of inquiry. In order
to call a concept plausible, that concept must first be intelligible and students must
believe that this is how the world actually is. For a concept to be fruitful, it must first be

intelligible and plausible and should be seen as something useful to solve the problem.
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Conceptual ecology

Conceptual ecology implies all the current knowledge and beliefs that a person
might have. Conceptual ecology includes anomalies, analogies, metaphors, scientific
beliefs, concepts of science, and competing concepts. Among all these features, Posner et
al. (1982) report that anomalies and basic scientific assumptions guide the change process
from one conception to another. That is, if the students think about anomalies seriously,
they can create some sort of cognitive conflict for themselves. The cognitive conflict
helps the cognitive ecology to be ready for an accommodation. In addition, they assert
that conceptual ecology influences the conceptual change process to explain how current
conceptions influence the way that an individual views new information.

Hewson (1981), one of the authors of the conceptual change theory, elaborated on
the theory and also emphasized that it might be always possible to add new conceptions
into the conceptual ecology through experience, personal development, and
communicating with others. According to him, all the concepts in a conceptual ecology
interact with each other and that determines their “conceptual status.” Hewson clarifies
what he means by conceptual status by explaining the various possibilities when a person
is faced with a new conception.

The new conception might immediately be rejected or three other possible results
might occur. First, the new concept can simply be memorized, where no learning and
accommodation take place. Second, a person can make sense of a new concept and see it
in the context of his current knowledge. Hewson calls this situation “conceptual capture”
or weak conceptual change. Third, a person might completely replace his current concept

with the new one; that is what Hewson calls “conceptual exchange” or strong conceptual
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change. He notes that after the same instruction, one student might simply reject the new
concept, another might memorize it, or another might go through conceptual exchange or
accommodation. The result is not only based on the types of instruction or a teacher’s
strategy, but also on the student and the new concept to be replaced.

Revisionist Theory of Conceptual Change

Many studies have used Posner et al.’s conceptual change theory, which has
received considerable attention in science education research. However, there has been
some criticism of this theory from different points of view. Most theoretical frameworks
on conceptual change were based only on cognitive factors. However, researchers
recognized that not only cognitive factors, but also additional factors such as motivation,
goals, and interests influence conceptual change.

There were two important criticisms of the original conceptual change theory. The
most important one is that conceptual change theory is only based on logical and rational
thinking; i.e., it only focuses on the learner from a cognitive point of view, rather than as
a whole, complex person (Pintrich, Marx, and Boyle, 1993). It means this theory ignores
other socio/affective factors such as motivation, values, goals, beliefs, and interests. The
second criticism is that this theory does not consider other elements of the learning
process such as the teacher and other students.

Based on these criticisms, Strike and Posner (1992), two of the authors of
conceptual change theory, revised their original ideas and proposed that a wider range of
social and motivational factors should also be considered in understanding conceptual
change. They emphasize that concepts based on a person’s social interactions,

motivations, and personal goals need to be included in conceptual ecology. According to
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them, all of these factors should be included in teaching and learning environments for
conceptual change. They expanded the general characteristics of conceptual ecology and
reported that conceptual ecology should also include scientific and alternative
conceptions.

Theory of Conceptual Change from the Perspective of Ontological Categories

Websters’ New Collegiate Dictionary (1977) defines the term ontology as “a
particular theory about the nature of being or existence” (p.802). Chi, Slotta, and Leeuw,
(1994) define ontology as “the fundamental essence” of the nature of concepts. Their
main notion of conceptual change is to re-assign a concept from its initial category to
another one. For example, if one needs to change his initial concept of whale from “fish”
to “mammal,” a change of ontological category is required.

Chi et al. (1994) investigated why some science concepts are difficult to learn and
others are not. They tried to clarify why people’s initial concepts are very resistant to
change. Many reasons have been proposed for this condition of resistance in the literature
on conceptual change: Concepts are abstract and very technical; therefore, they do not
overlap with everyday life. Chi et al. conducted various experiments on physics concepts
about light, heat, and electrical current to understand the reason why some of the
concepts are resistant to change. Their findings showed that this difficulty originates from
unsuitable matching or “incompatibility” between the category of students’ initial
concepts and that of scientific concepts.

According to Chi et al., all the things in the world belong to one of the primary
ontological categories, which are matter, process, and mental states. They referred to

them as “trees.” Concepts in the matter tree are more concrete than the abstract and
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descriptive concepts in the process or mental states trees. If a concept belongs to a matter
category, it can be classified as living, nonliving or artifacts. If a concept belongs to the
process category, it can be a procedure, event or constraint-based instruction. However, if
a concept belongs to the mental states category, it can either be an emotional or
intentional concept. All of these are “subcategories” of the primary categories in this
theory.

Chi et al. report that misconceptions arise because students initially place
concepts in a category where they do not belong. For example, when young children are
asked about how animals grow, one of their explanations is that “the animals want to.”
Here, they interpret basic biological phenomena in terms of the desires and wants of the
animals rather than their natural physiological needs. In other words, they place their
initial concept into the category of mental states instead of the category of processes.

Chi et al. state that if the misconceptions and the scientific concepts are
compatible (from the same tree), then students can correct their misconceptions easily
even at a very early age. However, if these two are not from the same tree, it will be very
difficult to grasp the scientific concepts even after college-level instruction. For example,
10 year-old children expressed the misconception that bread mold (a kind of fungus), is
non-living. After intervention, they readily understood that it is actually living, because
both fungus and bread mold are part of the matter tree (Bulunuz, Jarrett, & Bulunuz,
2005). On the other hand, many college students, preservice teachers, and teachers still
hold misconceptions about “phases of the moon” and “reasons for seasons” even after
instruction, because of the mismatch between the matter tree and the process tree (Kikas,

2004).
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Conceptual Change Model Based on Student Motivation, Interest, and Values

The previous theories of conceptual change generally involved only cognitive
roles of an individual. Therefore, Pintrich, Marx, and Boyle (1993) called these theories
“cold conceptual change.” The researchers highlighted the role of students’ motivational
beliefs, interests, and values in influencing both the students’ cognitive engagement and
the process of conceptual change in an academic task. They also asserted that academic
learning should not be isolated from peer and teacher interactions. In other words, not
only individual beliefs, but also the interactions between students and teachers influence
the conceptual change process. Since these factors had not previously been considered by
Posner et al., the conceptual change model of Pintrich et al. opened a new perspective by
discussing students’ goals, values, self-efficacy, and classroom interactions.

Multidimensional Perspectives

Until the late 1990’s, many researchers focused only on one theoretical
perspective of conceptual change in their studies. Later, Tyson, Venville, and Harrison
(1997) defined a new type of perspective in the field that is called “a multidimensional
framework™ on conceptual change. Tyson et al. combined the three basic ideas on
conceptual change to create what they call a “holistic” picture of conceptual change.
These three ideas are: conceptual status (Posner et al., 1982), the ontological categories
(Chi et al., 1994), and socio/affective factors (Pintrich et al., 1993). Tyson et al. suggest
that a multidimensional framework should be used to understand whether or not these
three aspects are beneficial to each other in different learning environments.

It is clear from all the theories, frameworks, and models discussed above that

changing current ideas and adopting new ways of thinking does not happen easily.
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Transmitting a new concept or telling learners that their initial ideas are not correct will

not necessarily facilitate conceptual change. Therefore, teachers, educators, and

researchers may need to implement a variety of different conceptual change strategies

and encourage learners to take an active role in organizing their ideas and knowledge.

Some of the common conceptual change strategies are discussed in the following section.
Common Conceptual Change Strategies

Since the mid-1980’s, a number of researchers have focused on determining
methods for changing students’ alternative conceptions in science. Some of these
researchers reviewed a number of studies in this field (Guzzetti, Snyder, Glass, & Gamas,
1993; Wandersee, Mintzes, & Novak, 1994; Duit & Treagust, 2003) and published a
meta-analysis (Guzzetti et al., 1993) that has documented effectiveness of various
conceptual change strategies at all grade levels. The strategies mentioned in this meta-
analysis are: conceptual change texts, refutation texts, concept maps, bridging analogies,
computer simulations, demonstrations, computer-aided instruction, field trips, and
learning cycles. These strategies were used to elicit students' alternative conceptions, as
well as to address incorrect ideas through instruction.

Scott, Asoko, and Driver (1991) identified two main groups of strategies aimed at
promoting conceptual change. The first group is based on cognitive conflict and
resolution of conflicting perspectives, such as refutational texts, discrepant events, and
dialogue-based strategy. The second group builds on learners' existing ideas and extends
them through metaphor or analogy (Duit, 1994). Based on these categories, the following
section will discuss conceptual change texts, refutational changes texts, concept maps,

analogies, and hands-on activities, plus their effectiveness for various age groups.
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Conceptual Change Texts

One of the common conceptual change strategies in this field is the use of
conceptual change texts (Wang & Andre, 1991; Chambers & Andre, 1997; Mikkila-
Erdmann, 2001; Sungur, Tekkaya, & Geban, 2001; Cakir, Uzuntiryaki, & Geban, 2002;
and Tekkaya, 2003). Tekkaya (2003) mentions ways for identifying alternative
conceptions and forcing students to confront their prior conceptions by conceptual
change text design. According to the researcher, students' alternative conceptions are first
obtained, and then students are informed of correct scientific explanations supported by
examples to create dissatisfaction.

Chambers and Andre (1997) listed steps for application of conceptual change
texts in classrooms. They are: a) the instructional designer or teacher first identifies
common alternative conceptions, b) students are asked to predict what would happen in a
situation before they present the inconsistency between common nonscientific and the
scientific conceptions, ¢) common alternative conceptions are introduced with evidence
that they are wrong, and d) instruction presents the correct scientific explanation.

Conceptual change text design has been used frequently in various science topics.
In physics, Chambers and Andre (1997) investigated college students’ understanding of
direct current in electricity by using conceptual change texts. They stated that the texts
that were used had two parts; one was for activating the students’ prior conceptions and
the other was for challenging their misconceptions. Each part had diagrams about electric
circuits for visualizing the situation. The researchers found that conceptual change text
led to better conceptual understanding of electricity concepts for college students. They

also suggested that text-based conceptual change strategies are useful in large classroom
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environments.

Regarding biological concepts, Sungur et al. (2001), Tekkaya (2003), and
Mikkila-Erdmann (2001) demonstrated the effectiveness of conceptual change text
instruction on 9™ and 10" grade high school students’ understanding of the human
circulatory system, diffusion/osmosis, and photosynthesis. In chemistry, Cakir et al.
(2002) reported the effectiveness of conceptual change texts in creating conceptual
change and promoting meaningful learning in 10" grade high school students regarding
acids and bases.

It is clear from these studies that researchers tend to conduct research to identify
the effectiveness of conceptual change texts mostly for older students such as, high
school (9™, 10" and 11™ graders) or college students. Guzzetti et al. (1993) reported that
older students seem to profit from conceptual change texts compared to young learners.
According to them, a text might cause a kind of discomfort for young learners. In
addition, just explaining the correct way to understand a scientific phenomenon is not
sufficient for young children. Instead, children need to act on materials in a hands-on
way.

Refutational Texts

The refutational text approach was developed by Hynd and Alvermann (1986)
based on the conceptual change model of Posner et al. (1982). According to the
researchers, refutational texts are materials written to challenge and change students’
common nonscientific conceptions. In this design, common alternative conceptions are
contrasted with scientific conceptions. However, students are not asked to predict a

common situation before refutation is given. In other words, the major difference
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between refutational text and conceptual change text is whether students are asked to
predict a situation (Hynd, 2001).

A number of studies using refutational texts have provided considerable evidence
that this technique can help students at different grade levels (Hynd & Alvermann, 1986;
Guzzetti et al., 1993; Guzzetti, 2000; Hynd, 2001; Palmer, 2003; and Diakidoy, Kendeau,
& loannides, 2003). In most of these studies, the researchers wanted the students to read
either a refutational text that refuted a nonscientific conception, or a non-refutational text
(also called control text) that consisted of a scientific explanation of a given concept.
Guzzetti et al., (1993) reported that refutational texts were more effective than non-
refutational texts.

Diakidoy et al. (2003) conducted research to see effects of text structure on the
acquisition of energy concepts in physics with sixth-graders. In this research, the
participants read either a simple expository text presenting factual information or a
refutational text that addressed common preconceptions and proceeded to refute them.
They found out that students who read the refutation text were more successful than the
ones who read simple expository texts.

Palmer (2003) investigated the effectiveness of refutational texts to improve 9™
graders’ comprehension of ecological roles in biology. The researcher gave a list of living
organisms (trees, kangaroos, fleas, starfish, bacteria (germs), and butterflies) and asked
the students about the role of these organisms in nature. On the first interviews, half of
the participants believed that some living things do not have a role in nature. The post
interviews indicated that participants learned better from the refutational texts than from a

control text.
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Hynd and Alvermann (1986) conducted research with college students on
alternative conceptions about motion. The researchers gave two types of texts concerning
the same principle of motion theory: refutational and non-refutational texts. The
refutation text presented information on certain principles of motion but discussed those
ideas in contrast with students’ intuitive ideas. The non-refutational version of the
physics text described Newtonian mechanics; but did not discuss any of the ideas as
opposite to common misconceptions. Hynd and Alvermann indicated that the refutational
text was by far more effective at getting students to change their prior alternative
conceptions than non-refutational text.

Hynd, Alvermann, and Qian (1997) investigated changes in preservice teachers’
conceptions about projectile motion by a combination of demonstration and refutational
texts that they called demo-text condition. The preservice teachers either participated in a
demonstration before reading or only read a text. The demonstration—text condition was
created to bring about dissatisfaction with one’s current conception. In order to create
dissatisfaction, one asks participants to predict the outcome of a demonstration, then to
view it, explain it, and read about it. The researchers found that text-only condition
produced long-term conceptual change; however, a combined demo-text condition was
more effective on immediate posttest.

Hynd (2001) summarizes the results of research on high school physics students.
In this study, the researcher had students read excerpts about projectile motion from
different texts, including several textbooks, narratives, non-refutational texts, and
refutational texts. Students were asked to tell what they liked and disliked about them.

The findings showed that students preferred refutational texts to other kinds. Specifically,
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the researcher reported that high school students found these texts understandable, useful,
and related.

Criticisms of refutational texts have come from Vosniadau (1994) and Wichman,
Gottdenker, Jonassen, and Milrad (2003). Vosniadau (1994) believes that some
conceptual change strategies (like refutational texts) can cause cognitive conflict.
According her, these strategies do not cause strong or radical conceptual change, because
the students usually learn the concepts in a superficial way. Wichman et al. (2003) state
that learners need to generate hypotheses, design experiments, analyze data, and predict
results to construct knowledge collaboratively.

Concept Mapping

The concept mapping technique was developed by Joseph D. Novak at Cornell
University in the 1960°s. Novak's and his colleague Gowin’s early work on the nature of
knowledge and learning explored factors that influence students’ understanding of
concept meanings (Novak, 1998; Novak & Gowin, 1984). The idea behind concept maps
was derived from Ausubel’s (1962) theory of “meaningful” versus “rote” learning.
According to this theory, when humans build meaning, they establish a relationship
between new information and existing knowledge. Rote learning occurs because a student
simply memorizes information with no motivation to relate that information to prior
knowledge. Novak (1998) believes that Ausubel’s meaningful learning theory is a
powerful model of learning to guide education.

A concept map visually represents knowledge as a hierarchical framework of
concepts and concept relationships (Iuli, 2004). Novak and Gowin (1984) define a

conceptual map as a “schematic device for representing a set of concept meanings
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embedded in a framework of propositions” (p.15). Increasingly, concept maps are used in
a number of settings from elementary school to adult education. Research has been done
with elementary school students (Fellows, 1993), high school students (Cakir et al., 2002;
Tekkaya, 2003), college students (Gonzalez, 1997; Van Zele, Lenaertz, & Wierne, 2004),
preservice (Kim, Germann, & Patton, 1998), and inservice teachers (Cakir & Crawford,
2001).

In a study about 6th grader students' understanding about matter and molecules,
Fellows (1993) compared concept maps over time and reported changes in the conceptual
understandings of the students. Fellows reports that the students had added new concepts
to their vocabulary and their maps became more organized with more hierarchical levels
after instruction.

Concept mapping is an effective technique for teaching earth science concepts
according to Ault (1985), Gonzalez (1997), and McConnell, Steer, and Owens (2003).
Ault (1985) explains concept map preparation steps on earth science concepts and gives
examples of concept maps about igneous rocks, fossils, and precipitation drawn by
students in introductory geology and earth science courses.

Investigating Spanish university students' conceptual understanding of a geology
topic (silicates) in a two-year longitudinal study, Gonzalez (1997) trained students in
concept mapping techniques. By analyzing the students’ pre and post concept maps,
Gonzalez found that the mapping technique proved an efficient tool in understanding the
cognitive structure of college students and in showing the evolution of their knowledge.

Concept mapping has been used in combination with other strategies. Sungur et

al. (2001), Cakir et al. (2002), and Tekkaya (2003) investigated the effectiveness of both



43

concept maps and conceptual change texts on Turkish high school students’ biological
concepts and reported positive effects of concept maps in changing alternative
conceptions on biological concepts. In her general review of effective strategies in
science, Gabel (2003) argues that concept mapping, though sometimes a boring exercise
for children, can be effective when used with other teaching techniques.

Analogies

Analogies have been seen as both a means of natural learning and an important
teaching method. In science education, analogies are comparisons between something
familiar to students and an unfamiliar area in science that teachers want students to
understand (Else, Ramirez, & Clement, 2002).

Many educators including Scott et al. (1991), Thiele and Treagust (1991),
Clement and Steinberg (2002), Guzzetti et al. (1993), and Gabel (2003) have advocated
use of analogy to promote students’ conceptual change. Studies have investigated the use
of analogies in conceptual change of elementary school students (Gallas, 1992; Newton
& Newton, 1995; Yanowitz, 2001), middle school students (Else et al., 2002), high
school students (Tsai, 1999; Venville, & Treagust, 1996), and preservice teachers (Taylor
& Coll, 1997; Yerrick et al., 2003).

Glynn (1991) proposes the Teaching-with-Analogies (TWA) Model of
instruction. It prescribes the following procedures for using an analogy to aid
comprehension of a target concept: 1) introduce the target concept, 2) bring up students’
knowledge of the analog (item or thought with which the analogy is made), 3) identify
relevant features of both, 4) map their similarities, 5) draw conclusions about the target

concept, and 6) indicate where the analogy breaks down. Analog and target tend to share
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attributes in a relationship, which helps students can gain a better understanding by
comparing the unfamiliar scientific principle with one that is familiar (Thiele & Treagust,
1991; Gabel, 2003).

Analogies have been used as an instructional tool for primary and secondary
school students. Newton and Newton (1995) conducted research on 6-7 year-old
students’ understanding of electrical current with and without an analogy. The
researchers presented a demonstration of a water circuit and one electricity activity by
using battery, bulb, and wires for the experimental group. On the other hand, they let the
control group experience only the electrical activity. Some of the answers were:
“electricity is like the water through the pipe,” “it is like the tube, it will go down the wire
to light the bulb,” and “the electricity will crash together like the water,” etc. The authors
found the answers of the experimental group more descriptive than the control group
answers. Yanowitz (2001) conducted research with fourth and sixth graders about
infections, enzymes, ants, aphids, and mitochondria. The researcher wrote short
paragraphs in analogical and non-analogical formats that had about the same length and
assigned the students randomly to either analogical or control conditions. The results
showed that elementary school students benefited from the analogies.

Analogies are used as a conceptual change strategy for earth science concepts
(Blake, 2001; and Blake, 2004). Blake (2001) conducted a study with English 7-11 years-
old children in which aluminum can recycling was used as an analogy for the rock cycle
to assist children in developing a more scientific understanding of the origin of rocks.
The researcher assigned the students randomly to a control group (without analogy) and

an experimental group that was exposed to analogical teaching with comparisons of
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aluminum can and rock recycling stories. Blake found that the post-intervention scores
were significantly higher for the analogy group. However, the author highlights that
analogy is only effective when the concept is difficult to grasp. According to him, the
aluminum can recycling analogy was helpful enough to scaffold the students’
understanding of the rock cycle.

In research with preservice teachers, Taylor and Coll (1997) investigated the
power of analogies in clarifying preservice teachers’ conceptions about solubility. In an
experimental study, they found that use of analogy was effective in remediation of
alternative conceptions based on the posttest interviews. They concluded that one of the
major advantages of using analogies is that this approach is potentially less detrimental to
learners’ confidence than a conflict approach. However, analogies might have certain
constraints. For example, they noted that useful analogies may not always be available
for specific concepts. Or, their use may not necessarily produce desired results. They
reported that an uncritical use of analogies might generate alternative conceptions in
students who are unfamiliar with the analogy. In other words, the use of this teaching tool
can cause incorrect learning about the analog-target relationship. Nevertheless,
appropriate analogies can play an effective role in instruction for conceptual change.

Hands-on Science Activities

In many studies it was reported that students’ alternative conceptions couldn’t be
eliminated by traditional methods involving primarily lecture (Marinopoulos &
Stavridou, 2002; Weaver, 1998). In contast, hands-on activities make students more
active learners in science classrooms (Cetin, 2003). Students should be able to apply what

they learn in school to their daily life situations. Research has shown that students find
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science topics more interesting when they are relevant to daily life or experience
(Weaver, 1998).

Popular terms in the world of practicing teachers, including ‘doing science’,
‘hands-on science’, and ‘real-world science’ are frequent descriptors of inquiry-based
learning approaches (Crawford, 2000). Crawford states that these types of projects with
hands-on science instruction enhance opportunities for construction of knowledge. Costa
(2003) reported that based on the study of “hands-on science network,” hands-on
activities were indicated as the most effective way of acquiring scientific knowledge for
most of the children and adolescents. The researcher noted that the pedagogical
usefulness and effectiveness of hands-on experimental activities were clearly seen in
different grade levels and disciplines in Europe.

Using hands-on activities for conceptual change in science has become very
popular in the last four decades. To overcome students’ alternative conceptions, a number
of researchers have explored the effects of hands-on activities and science experiments
for different age groups. These researchers focused on elementary school students
(Dalton & Morocco, 1997; Weaver, 1998; Pyle & Akins-Moffatt, 1999; Marinopoulos &
Stavridou, 2002), middle school students (Ertepinar & Geban, 1996; Alexopoulou &
Driver, 1996), high school students (Wood-Robinson, Lewis, & Leach, 2000; Hofstein,
Navon, Kipnis, & Mamlok-Naaman, 2005), college students (Colburn & Henriques,
2000; Niaz, 2002), preservice teachers (Kelly, 2000; Gibson, Bernhard, Kropf, Ramirez,
& Van Strat, 2001; Plourde & Klemm, 2004), and inservice teachers (Bulunuz & Jarrett,
2006; Parker & Heywood, 2000). The research done with elementary school students,

preservice teachers and inservice teachers will be the focus here.
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Research with Elementary Students

Dalton and Morocco (1997) conducted research about electricity with fourth
graders, including students with learning disabilities. These researchers compared the
effects of hands-on science-supported inquiry science (SIS) and activity-based-science
(ABS) approaches in urban and suburban classrooms. Both curricula engage students in
extensive manipulation of batteries, wires, and bulbs for a certain period of time.
Although the SIS curriculum was designed to focus on students' misconceptions, the ABS
curriculum paid little attention to the role of misconceptions. During the conductivity
experiment, students tried to find out what happened to the circuit when an insulator was
inserted. They used different insulators for different materials and shared their ideas with
each other. The researchers reported greater concept learning in the SIS classrooms than
in the ABS classrooms.

In her cross-age study, Weaver (1998) investigated the successes of hands-on
activities and experiments with fourth, eighth grade, and tenth grade students. Weaver
reports that the students found hands-on activities very valuable and suggested that
hands-on science activities and experiments can promote conceptual change, when
combined with discussion and reflection.

Hands-on science activities are also used as an effective strategy to change
incorrect conceptual understanding in earth and space science (Ebert & Elliot, 2002;
Gutierrez, Coulter, & Goodwin, 2002; McConnell, Steer, & Owens, 2003; and Stepans &
Kuehn, 1985). Stepans and Kuehn (1985) compared the responses of second and fifth
grade students about wind when taught by reading from the textbook versus through

hands-on activities. The researchers found that the students at both grade levels gave
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more scientific responses to open-ended interview questions, if they were taught the
concepts by a hands-on approach compared to a textbooks approach.
Research with Preservice and Inservice Teachers

Gibson et al. (2001) conducted their study with preservice teachers enrolled in an
introductory physical science course taught using hands-on activities, cooperative group
work, manipulatives, and real life applications. Researchers analyzed the participants’
weekly reflective journals at the end of the course and found that an introductory science
course taught using constructivist methods had a positive impact on preservice teachers’
scientific understandings.

Parker and Heywood (2000) conducted research on in-service teachers’ concepts
about floating and sinking by implementing hands-on activities, such as: pushing an
inflated balloon into a tank of water; exploration of a range of everyday objects with
respect to floating and sinking; observation of large, heavy floaters and small, light
sinkers; and floating a screw cap jar in a tank of water. The researchers found that
through hands-on science activities, teachers engaged successfully with difficult and
abstract scientific ideas. They also observed that, if teachers were learning by doing, they
could identify the characteristics of the learning process itself within specific subject
domains.

McConnell et al. (2003) compared the conceptual understanding of college
students in traditional versus inquiry-based earth science classes where students were
active and collaborative, while engaged in hands-on activities. Their interviews of the
students show that most of the participants enjoyed the inquiry-based class, preferred the

hands-on activities to a traditional lecture class, and would recommend this course to



49

their peers. Gutierrez et al. (2002) offered a summer workshop to elementary school
teachers focusing on earthquakes, volcanoes, floods, hurricanes, and tornadoes. The
researchers reported that the teachers improved their understanding 31% after the
workshop. In addition, Ebert and Elliot (2002) conducted a study with preservice teachers
in a laboratory techniques course about rock and mineral identification and obtained
significantly positive results. The researchers reported that the activities provided the
students with an excellent review of minerals and rocks.

Considerations for Teaching Preservice Teachers

Modeling Appropriate Practices

In his social learning theory, Bandura (1974) explains how most human behavior
is learned observationally through modeling. In other words, people observe the
behaviors of others and profit from results of these actions in addition to their direct
experiences. According to Bandura, people form an idea of how new behaviors are
performed, then this coded information serves as a guide for their actions. Preservice
teachers are likely to model the strategies they experienced during their school years,
unless other strategies are modeled in science methods courses.

Some researchers and teacher educators are engaged in helping preservice
teachers develop a different style of teaching than they experienced in their
undergraduate and graduate courses (Palmer, 2001; Watanabe, McGinnis, & McDuffie,
1997). Watanabe, McGinnis, and McDuffie (1997) interviewed preservice teachers who
took Maryland Collaborative for Teacher Preparation mathematics and science courses
that tried to model good instruction. The students rated their courses as high in quality

and asserted that the teaching strategies that were modeled in these courses could be
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practiced in classrooms.

Palmer (2001) investigated the effect of modeling hands-on methods on the
attitudes of preservice teachers. Interviews with four preservice teachers after they
completed a hands-on methods course found that they enjoyed the class, found it
practical, and planned to apply in their own classrooms the classroom practices and
hands-on teaching strategies that were modeled in the course.

Teaching For Conceptual Change in Science Methods Courses

In the literature, it is argued that preservice teachers need to experience
conceptual change pedagogy first as learners in the methods course and then to apply this
experience in classrooms (Marion, Hewson, Tabachnick, & Blomker, 1999; Stofflett &
Stoddart, 1994). Therefore, these researchers developed elementary science methods
courses, specifically called elementary science conceptual change methods courses, in
which conceptual change theories, strategies and methodologies were taught. In these
courses, the instructors modeled good practices as complete conceptual change science
lessons so that preservice teachers learned science in a very different way from their
previous experiences (Marion et al., 1999). The researchers investigated the applicability
of the conditions of accommodation in the conceptual change science methods courses
(Stoftlett, 1994; Stofflett & Stefanon, 1996).

Stoftlett (1994) reported that the instructors could easily implement conditions of
accommodation in the methods courses with preservice teachers. They were not able to
determine if preservice teachers had become dissatisfied with their existing conceptions
or not. In the study of Stofflett and Stefanon (1996), although the course was completely

designed for teaching conceptual change, only 25 % of the teacher candidates thought
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they were able to change their students’ misconceptions, and only 3 out of 76 reported
that these (IPDF) conditions had been effectively met in their field placements.

Unfortunately, most preservice teachers have never personally experienced
learning science content through conceptual change methods (Stofflett & Stoddart, 1994;
Tabachnick & Zeichner, 1999; Thorley & Stofflett, 1996). According to Stofflett and
Stoddart (1994), because many teacher candidates came from traditional didactic
instruction and previously completed limited science related courses, their science
content knowledge could not be expected to be strong enough for them to teach science.
The same researchers compared preservice teachers’ science content knowledge and
ability to apply this knowledge in two science methods courses that received content
instruction through either traditional or conceptual change methods. They found that the
conceptual change group planned to use conceptual change strategies and performed
discovery activities with children by translating this conceptual change pedagogy into
practice. However, the traditional group did not plan to use the conceptual change
pedagogy in their teaching.

Many preservice teachers have difficulty in using their new conceptual change
experiences in creating new conceptual change lessons for their students (Meyer,
Tabachnick, Hewson, Lemberger, & Park, 1999; Stofflett & Stefanon, 1996; Tabachnick
& Zeichner, 1999). Tabachnick and Zeichner (1999) analyzed the action research that
was conducted by teacher candidates in their field experiences after they completed the
conceptual change methods course. The researchers found that most of the preservice
teachers began to think about their students’ prior knowledge and what the students

learned at the end. However, it was reported that the preservice teachers’ prior
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knowledge, conditions of school placements, and cooperating teachers’ resistance also
affects the outcome of conceptual change pedagogy and its success in the classroom
(Stofflett, 1994; and Tabachnick & Zeichner, 1999). According to the same authors,
preservice teachers’ nonconstructivist views of science teaching, the lack of modeling
conceptual change teaching in school placements, preservice teachers’ lack of deep
science content knowledge, and the lack of conceptual change teaching in preservice
teachers’ own education might be the reasons why the preservice teachers could not
effectively implement conceptual change strategies in their classrooms.
Organizing Hands-on Activities through Learning Stations

One way to structure hands-on activities is through centers or learning stations.
Although the terms learning centers, interest centers (Jones, 1999), science centers
(Irwin, Nucci, & Beckett, 2003), and science discovery centers (Radeloff, 2001) are used
interchangeably in the literature, the term hands-on learning station (Bulunuz & Jarrett,
2006) is used throughout this study. In this approach, the idea of students working
together as active learners is consistent with the National Science Education Standards
(National Research Council, 1996).
Research with Preservice Teachers

Plourde and Klemm, (2004) investigated effects of learning stations on preservice
elementary teachers' concepts about sound through five learning stations, including one
in which students used a slinky, a rope, cardboard, paper, and construction paper to
demonstrate sound. The findings were that the preservice teachers were engaged in the
learning experiences associated with the specific hands-on inquiry activities and also

developed their conceptual understandings about sound. Research by Bulunuz, Jarrett,
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and Bulunuz (2005) on air pressure and by Bulunuz and Jarrett (2006) on earth and space
science concepts showed that learning stations could be used to clarify student concepts.
As discussed earlier, the modeling literature recommends that teachers be taught in ways
they can implement in the classroom. The following research discusses the applicability
of learning stations with children.

Research with Children

Learning stations are frequently used at the elementary level because they help
children develop their content knowledge, while giving children an opportunity to
explore materials and objects and to conduct open-ended science activities (Irwin et al.,
2003; Jones, 1999; and Radeloff, 2001). This approach can be an excellent tool for
teachers to encourage positive interaction among students of different backgrounds and
ability levels (Irwin et al., 2003).

Jones (1999, p. 27) defines “the workshop approach” as a model for organizing
and using learning stations to provide students with a number of experiences centered on
concepts in science. The researcher states that in this approach, children are given
opportunity to work within a variety of social configurations: alone, with one or two
other children, in small groups, and in larger groups. While students rotate through
stations, the teacher circulates among the stations asking thoughtful, open-ended
questions, observing, and assessing student and group progress in the classroom.

The advantages of implementing learning stations in the school settings were
reviewed by Irwin et al. (2003) based on their work with elementary school children. The
researchers listed some of the positive characteristics of this approach: (a) learning

stations celebrate students’ differences, (b) working together help students to learn more,
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(c) stations are accessible and beneficial for all, (d) diverse materials encourage students’
learning, and (e) simple directions help them understand the activities better.
Applied Learning in Field Placements
According to Moore (2003), field experiences have great importance for
providing preservice teachers the opportunity to make connections between learning
theory and practice. Hanuscin (2003) notes that although preservice teachers learn many
strategies and methods for teaching, applying these strategies in the classroom is not
easy. Researchers have examined the effects of field experience during elementary
science methods courses in terms of the following: changes in preservice teachers’
behavior (Sunal, 1980), concern and attitudes toward science and science teaching
(Strawitz & Malone, 1986), conceptions of teaching and learning science (Mellado,
1998), knowledge and performance in inquiry skills (Sunal, 1976), and personal science
teaching self-efficacy belief (Wilson, 1996). The findings of these studies confirm that
field experiences are positive experiences in general education classes, methods courses,
and science methods courses.
Hands-on Learning Stations as a Field Assignment
Some teacher education programs require implementation of learning stations
during field experiences (Hanuscin, 2003 and Radeloff, 2001). Radeloff (2001) described
the experiences of preservice teachers in a methods class as they created science learning
stations for preschool children. They found that preservice teachers had a great
experience doing these stations, and the children were eager to participate. Her student
teachers realized that when children were experimenting with materials, they

communicated with their peers, as if they were teaching each other. Similarly, Hanuscin
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(2003) assigned her preservice teachers to implement learning stations in their field
placements. Hanuscin found that the preservice teachers reported noticeable differences
in students’ understandings and their confidence after several rotations. According to her,
the preservice teachers were able to relate students’ cognitive functioning to course topics
on misconceptions and conceptual change.

Watters and Ginns (2000) investigated the effect of collaborative learning
workshops and hands-on practices on understanding of a range of concepts (e.g., energy,
matter, earth, weather, life science, and space) in a science methods course. As part of the
course assignment, preservice teachers were observed in the classrooms to ensure they
could apply hands-on approaches with children. According to Watters and Ginns, this
methods course helped the participants understand some of the concepts they had not
understood in their own high school science, and direct experience with teaching children
science in field experience sessions enhanced preservice teachers' outcome expectancy
for the teaching of science.

Summary

This chapter reviews the evidence that not only children but also preservice and
inservice teachers hold a variety of alternative conceptions about earth and space science
concepts. The findings of the literature on student teachers highlight an important issue:
that future teachers do not know enough subject matter in earth and space science to
enable them to teach it to students. Research points out the importance of changing
preservice teachers' incorrect understandings in order for them to not pass them to their

future students.
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Piaget’s and Vygotsky’s developmental theories and conceptual change theories
argue that it is very hard to change tenacious misconceptions to scientific ones at almost
every age level. A variety of conceptual change strategies are reviewed, some of which
(e.g. refutational texts) are more appropriate for adults than for children. The research
suggests the advantages of practicing student-centered, hands-on conceptual change
strategies that create cognitive conflict and let a learner be active with different materials.
Modeling theory implies that teachers should be taught using methods they can apply in
the classroom, which further suggests that conceptual change strategies appropriate for
children be included in teacher preparation. Research on field assignments indicates that
practice of strategies learned in class helps preservice teachers connect theory and

practice.



CHAPTER 3
METHODOLOGY
Introduction
The purpose of first part one was to determine what understandings preservice
and inservice teachers had about basic earth and space science concepts taught in
elementary and middle school. The purpose of part two was to evaluate the effectiveness
of various learning methods for clarifying these concepts in a preservice science methods
class. The purpose of part three was to describe how preservice teachers implemented a
conceptual change activity station in their field placements.
The following questions guided this research:
Part one of the study:
1. What understanding do preservice and inservice teachers have on the following earth
and space science concepts: reasons for seasons, phases of the moon, reasons for wind,
rock cycle, earthquakes, and soil formation?
2. Is there a difference between preservice and inservice teachers in their understanding
of these concepts?
Part two of the study:
3. Are hands-on learning stations more effective than readings in clarifying earth science
concepts as measured by rubric scores and concept map scores?
4. Does concept mapping improve rubric scores for those who experienced the learning

station activities compared to those who read text explanations?
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Part three of the study:
5. How do the preservice teachers apply conceptual change strategies in their field
assignment on conceptual change?
Participants and Context

Members of five cohorts in early childhood education programs at a large
southeastern urban university were the subjects for this research. All were registered for
classes Spring Semester 2006. These cohorts represented three different programs within
the Department of Early Childhood Education: the undergraduate Bachelors of Science in
Education program, the Urban Alternative Preparation Program (alternative certification
masters program, with a preservice cohort in its certification year and an inservice cohort
in its masters year), and the Collaborative Masters Program (for experienced teachers).
The following table gives the number of preservice and inservice teachers registered for
classes Spring Semester 2006 in the three programs:
Table 2

Programs and Numbers of Preservice and Inservice Teachers in Spring Semester 2006

Undergraduate Urban Program Collaborative
Program (GTAPP) Master Program Total
Preservice  Cohort 1 (25) 19 - 72
Cohort 2 (28)
Inservice - 16 20 36

Total 53 34 20 108
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Undergraduate Program

Undergraduates wanting a degree in early childhood education go through an
application process and are admitted into cohorts at the beginning of their junior year.
The primary difference between cohorts is that they generally have field placements in
different school systems. The program is heavily field-based with school placements each
semester in schools having various levels of partnership with the university. Following a
developmental sequence, cohort members are first placed in pre-K and kindergarten
classrooms and eventually are placed in grades four or five classrooms. The
undergraduate cohorts included in this study were second semester juniors and were
placed in first grade classrooms the first half of the semester and second or third grade
classrooms the second half of the semester. They were in schools two days a week,
placed with an experienced cooperating teacher and observed at regular intervals by a
university supervisor. Cohort members took classes on campus two days a week. One of
their courses was a three-credit science methods course, Science and Inquiry in Early
Childhood Education in which the instructional intervention research was implemented.
During Spring Semester 2006, one cohort with 25 members (Cohort 1) was taught by
another doctoral student, and the second cohort with 28 members (Cohort 2) was taught
by the researcher.
Urban Program

Two additional cohorts of participants were students in an urban alternative
certification masters program; a cohort of 19 preservice teachers in their first year of the
program (certification year) and a cohort of 16 inservice teachers in their second year of

the program (masters year). The purpose of the urban program is to prepare excellent
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teachers for urban high poverty schools with marginalized populations. The preservice
teachers are placed with experienced teachers in urban schools four days a week and also
attend classes at the university one day and two evenings a week. The inservice teachers
have a range of experience teaching in urban schools. Of the 16 members of this cohort,
11 were first year teachers and the other five had up to four years of teaching experience.
Each preservice and inservice teacher has a university coach who visits him/her regularly.
Each of these cohorts was taught a course by the same professor, who agreed to allow the
participants in her class to be surveyed.
Collaborative Masters Program

The last group of participants is a cohort of 20 inservice teachers in the
Collaborative Master Program in the same department. This is a constructivist-based
program for experienced teachers. The teachers in this cohort had a range of 3-23 years of
classroom teaching experience. Cohort members are involved in decision making to
determine what and how they will learn in this program. The program lasts two academic
semesters plus two summer semesters. During Spring Semester 2006, the participants
were over half way through the program. The program coordinators agreed to allow class
members to be surveyed during one of their class sessions.

Overview of Research Design

This study involved: quantification of answers to open-ended survey questions,
parametric descriptive and inferential statistics, qualitative analyses of two preservice
teachers’ field assignments that received the highest and the lowest scores in the class,
and summaries of the qualitative analyses of six preservice teachers’ reflections and of

the researcher’s field notes.
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Part one is descriptive in nature. To answer question one, teacher understanding
of six concepts (measured with an open-ended survey and scored on a rubric), results are
described using means and frequencies. Question two involves a comparison between
preservice and inservice teachers on their answers using independent samples t-tests.

Part two is experimental in nature. Answering questions three and four involves a
quasi-experimental design in which two cohorts were taught through various conceptual
change strategies. Inferential statistics were employed to determine which strategy or
combination of strategies best improved preservice teachers’ understanding of the six
concepts.

Part three is exploratory. Answering question five involves the qualitative
analysis of two preservice teachers’ field assignments, the summary of six preservice
teachers’ reflections on conceptual change station, and the researcher’s field notes that
gave an in-depth perspective about how one group of preservice teachers applied what
they learned about teaching with conceptual change approaches.

Part One of the Study: Description of Conceptual Understanding
Participants

Although 108 participants were registered for early childhood education classes of
the three preservice and two inservice cohorts during Spring Semester 2006, only 99
participants were included in this part of the study. One preservice teacher did not give
informed consent. Eight people were absent for the pretest (two undergraduates, one
preservice and four inservice teachers in the urban masters program, and one inservice

teacher in the Collaborative Masters Program).
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Data Sources

Open-ended Survey Administration

A six-item survey headed, “How well do you understand these science concepts?”
followed by six earth science concepts was administered in each class either by the
researcher or the course instructor. The questions were adapted from a survey used by the
dissertation chair as a teaching tool in her classes. The students were able to fill out the
survey in 10-15 minutes. The open-ended survey can be found in Appendix A. The
preservice and inservice teachers’ answers to the six open-ended questions were scored
according to level of understanding for each phenomenon. The researcher used rubrics to
classify the participants’ responses about these concepts.
Rubric Scoring

Pilot study scoring. The scoring rubrics for four of the questions were created by
the researcher for a previous study (Bulunuz & Jarrett, 2006). Those questions concerned
the reasons for seasons, phases of the moon, rock cycle, and earthquakes. In that study,
an answer was coded as: (1) if there was no response, incorrect answer or clearly evident
misconception; (2) if the answer was partially correct or had no elaboration; and (3) if the
answer was integrated with a clear scientific perspective and elaboration. In order to
prepare the grading rubrics for that study, the researcher reviewed answers from past
surveys, extracted examples of answers that would have been scored as 1, 2, or 3, and
created a grading manual with examples in each coding category. The authors separately
scored the survey answers, and the researcher calculated the inter-rater reliability
coefficient for each question. The coefficients were calculated as: (a) reasons for seasons,

0.86; (b) phases of the moon, 0.61; (c) rock cycle, 0.89; and (d) earthquakes, 0.72.
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Additional rubric scoring. Because the reliability coefficient of phases of the
moon was low, the researcher created a new rubric for this concept. Also rubrics were
created for the two concepts that had not been studied in the previous research, reasons
for wind and soil formation. The rubrics for all six concepts can be found in Appendix B.
Using pilot data collected in a science methods class during a previous semester, new
inter-rater reliability coefficients for the above three concepts were calculated according
to the new scoring rubrics. The researcher and the instructor of another undergraduate
preservice cohort separately scored the survey answers, and the researcher calculated the
inter-rater reliability coefficient for each question. The new inter-rater reliability
coefficients were calculated as: (a) phases of the moon, 0.85; (c) reasons for wind, 0.88;
and (d) soil formation, 0.95.

Data Analysis

To answer question one, concerning understandings of preservice and inservice
teachers on the six concepts (reasons for seasons, phases of the moon, reasons for wind,
rock cycle, soil formation, and causes of earthquakes), means and standard deviations of
the rubric scores for each question were calculated.

To answer question two, on whether inservice teachers have greater
understanding of these concepts than preservice teachers, independent samples t-tests
were calculated comparing the survey scores of the two groups. It was expected that
preservice and inservice teachers would be similar in their understanding of these
concepts. Therefore, the researcher predicted that the following null hypothesis would not

be rejected:
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H, = Preservice and inservice teachers have similar understanding of the six earth science
concepts.

Part Two of the Study: Experimentation with Conceptual Change Strategies

Participants

Preservice teachers in the two undergraduate cohorts were the subjects for this

part of the study. Cohort one had 25 members and Cohort two had 28 members.
Data Sources

The open-ended survey used in part one was the pre data for this section of the
study. In addition, this survey was administered two more times as two post-tests (2™ and
3" administration). The same scoring rubrics were used (See Appendix B for examples).

Concept maps were another data source to determine participant understanding of
the six concepts. Concept maps were drawn by teams of two or three participants and
were scored using the scoring criteria for concept maps developed by Novak and Gowin
(1984). See Appendix C for the scoring criteria and Appendix H for the calculation of the
scores for the master concept maps.

Overview of Research Design for Instructional Interventions

In this study, three instructional methods were implemented with the preservice
teachers. They were: 1) textbook reading assignments, 2) hands-on learning stations, and
3) concept mapping. The researcher determined the effects of these interventions on the
participants’ scores derived from the survey answers and group concept map scores.
Before implementing the interventions with the two undergraduate cohorts, the readings,
learning stations, and concept mapping were piloted with the preservice teachers in the

urban program. Field notes, participant journals, and suggestions from participants were
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helpful in making needed adjustments before implementing these interventions with the
study cohorts.

The two types of learning methods (textbook reading versus learning stations)
were purposely distributed between the two undergraduate cohorts. To insure that the
concepts for the reading assignments and learning stations were of equal difficulty, an
analysis was conducted of the answers on the same survey questions, previously
completed by a class of undergraduates during Fall Semester 2005. The participants’
answers were scored as either “correct” or “incorrect.” During the scoring process, an
answer was coded as “1”, if the answer was partially correct without elaboration or if the
answer was completely correct with scientific perspective. It was coded “0”, if there was
no response, a completely incorrect answer or a clearly evident misconception. The
researcher calculated the percentage of correct and incorrect answers for each concept.
Then, she assigned three concepts for reading assignments and three concepts for hands-
on learning stations, so that in each undergraduate cohort the concepts to be learned
through reading and through hands-on activities were of equal difficulty. Approximately
67 % on the concepts to be taught by readings and 67 % on the concepts to be taught by
learning stations were at least partially correct in the 2005 pilot. Table three shows which

concepts were taught by the two methods to undergraduate Cohorts 1 and 2.
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Table 3

Topics Learned by Two Methods.: Hands-on Activities and Textbook Reading

Undergraduate program

Cohort 1 (n=24) Cohort 2 (n = 28)
Hands-on learning stations 1. Rock Cycle 1. Phases of the moon
on the three topics: 2. Reasons for wind 2. Reasons for Seasons
Activities/small group discussion 3. Earthquakes 3. Soil formation
Reading assignment: 4. Phases of the moon 4. Rock Cycle
Learning through reading 5. Reasons for Seasons 5. Reasons for wind
from a textbook 6. Soil formation 6. Earthquakes

Description of Interventions
Textbook reading assignments. The researcher selected reading assignments from

the textbook, Science K-8: An integrated approach by Victor & Kellough (2004). The
assigned readings are: reasons for seasons (pp.194-196), phases of the moon (pp. 199-
200), reasons for wind (pp. 267-270), rock cycle (pp. 217-219), causes of earthquakes
(pp. 228-230), and soil formation (pp. 237-238). These readings were selected because
they all come from a science methods book specifically written to clarify concepts for
teachers. They represent the type of reading a teacher might do when preparing to teach
these concepts. For each undergraduate cohort, the researcher gave reading assignments

for the three concepts they were to learn through textbook reading.
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The researcher made copies of the reading assignments and gave them to the
undergraduate preservice teachers after the first administration of the survey to the two
undergraduate cohorts. Participants read the assigned articles as homework and came to
the next class meeting prepared to list in their dialogue journals the “big ideas” related to
the articles. In class, the researcher asked participants to write about one specific concept.
This assignment was a random check on whether the students had done the assigned
readings. Then, the researcher re-administered the three questions from the open-ended
survey concerning the concepts covered in the reading assignments.

Hands-on learning stations. In both undergraduate cohorts, the researcher set up
six stations with one or two activities each at table around the classroom. The activities at
these stations focused on the three concepts that were taught in that cohort through hands-
on activities. Approximately four or five students were assigned to each station. The
participants in Cohort 1 rotated through stations on the rock cycle, reasons for wind, and
causes of earthquakes. The participants in Cohort 2 rotated through stations on phases of
the moon, reasons for seasons, and soil formation. The stations’ activities were adapted
from various science activity books and geology lab courses. Before participants rotated
through the stations, the researcher presented general instructions for working in the
stations. In addition, there were written instructions for each activity to clarify the
procedures for participants. For the activity instructions see Appendix D.

Each group of participants rotated through the stations. They read the instructions
on the sheets at the tables and completed the hands-on earth and space science activities.
While they were implementing the activities at each station, they also helped each other

use the materials. Participants had enough time to discuss the activities with their group
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partners. At each station, participants answered questions and listed the “big ideas” in
their journals. The researcher observed them, answered questions, and helped them use
the materials appropriately. Short descriptions of the stations assigned to each cohort
appear below. The stations about the concept of reasons for wind and reasons for seasons
included more than one activity. An attempt was made to structure the stations so the
activities in each station took approximately the same length to complete:
The Stations for Cohort 1

Rock cycle. There were two stations about this concept. They were: 1) crayon
rock cycle and 2) rock classification. In the first station, participants simulated rock
formation; however, in the second station they observed and classified real rock samples.
The purpose of the first station was to simulate the conversion of one type of rock
(sedimentary rock) to other types of rocks (metamorphic and igneous) by using colored
crayons, aluminum foil, and a hot plate. Participants applied pressure and heat to shaved
crayon pieces to see the differences. The researcher specifically informed participants
that this was the station where adult supervision was needed with students. The purpose
of the second station was to see and classify different types of sedimentary, metamorphic,
and igneous rocks.

Reasons for wind. There were two stations on this concept. Each station had two
activities. The following are names of the first and the second stations’ activities:

99 Cey

“movement of air in the balloon,” “inflated bags,

9% ¢

sinking of icy-water,” and
“prevailing winds.” The purpose of the first station was to simulate the model of how air
under high-pressure travels to areas where it has low pressure by letting air out of a

balloon and by pressing on a bag of air connected to an empty bag with a plastic tube.
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The purpose of the second station was to provide a model of “why the local and global
wind blows.” In order for participants to learn about local winds, blue ice water and
uncolored warm water were used to represent the movement of warm and cold air
currents. Participants saw how fluids of different temperatures interact. For the prevailing
wind activity, snow globes that contained blue pearlized rheoscopic fluid and a
homemade lazy Susan with an aluminum plate and some marbles were used. Snow
globes represented earth, the blue pearlized fluid in the globes represented the
atmosphere around earth, and the lazy Susan facilitated globes’ rotation on their axis.
When participants rotated the snow globes counter-clockwise on the lazy Susan, the blue
fluid rotated in the globes from the equator through the poles. This way, the preservice
teachers could understand the reasons for the global winds.

Causes of earthquakes. There were two stations on this concept. These stations
were: (1) earthquake model and (2) Plate movements with graham crackers. The purpose
of the first station was to help participants understand how the increased pressure
between the plates of the earth (here two bricks) causes sudden and huge energy releases
that we call “earthquakes.” Participants used a ratchet, cord, sander paper, and spring
scale to count and predicted how many clicks of the ratchet it would take to move the
bricks. Then, they measured how many pounds of tension there were on the scale when
the “earthquake” occurred and measured how far the bricks moved. The purpose of the
second station was to simulate different plate movements (sliding plates, divergent plates,

convergent plates, and subduction) by moving graham crackers.
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The Stations for Cohort 2

Phases of the moon. For this station, the dissertation chair and another science
faculty member designed two new models for participants to visualize the relationships of
the moon, the earth, and the sun at the same time. The first model was a black box that
had a lamp to represent the sun, a Styrofoam ball with a flag marking the U.S. to
represent the earth, and a smaller ball representing the moon. One participant held the
moon by a skewer stuck through it and kept the face of the moon toward the earth, when
revolving the moon around the earth in a counter-clockwise direction. Participants
noticed how the lighted part of the moon, as seen from the perspective of a person on
earth, seemed to change shape from a thin line, or crescent, to a full moon and turn back
to a new moon. They also rotated the earth counter-clockwise on its axis to see day and
night.

The second model was a big empty rectangular box with the lid representing
space. A ping pong ball representing the moon was hung from the middle of the lid with a
string. There were little square windows all around the box for viewing. A UV light
source taped at a hole in one of end of the box represented the sun. Participants looked in
each window at the lit up “moon” to see the different phases. When participants visited
this station, they had a chance to engage with both models to understand the reasons for
phases of the moon.

Reasons for seasons. There were three activities for this station. They were: (1)
modeling reasons for seasons by using a Styrofoam ball and flash light, (2) using people
as models of the sun and earth, and (3) how warm is slanted vs. direct sunlight In the first

activity, participants used a Styrofoam ball (leaning to the north) with a pencil through it



71

as the axis and a mark around the center as the equator. By rotating the ball around the
flashlight, they tried to see which part of the earth gets direct and tilted sunlight. Also,
participants drew the areas A; and A, seen on paper by direct and slanted light. In the
second activity, group members were the models for the sun and the earth. The earth
people revolved counter-clockwise around the person who represented the sun by always
leaning to the same direction (north). In the last activity, they used two thermometers to
measure temperature, when one thermometer got direct light but another got slanted light
from the same distance.

Soil formation. This station had two activities. At one, participants looked at two
different types of soil (dirt) (one from near a creek, one from a garden) by using
magnifying glasses and a microscope to look for components of soil. The other activity
involved making sand by shaking small rocks and a little water together in a can and
examining the resulting broken particles. This activity modeled erosion, one way in
which small inorganic particles become parts of soil.

Concept Maps

The week after participating in the station activities, the researcher instructed both
undergraduate cohorts about concept mapping by using the concept water with which
they were familiar. The researcher talked about what a concept map is, why concept maps
are effective tools in science education, how to draw concept maps, and how to score
concept maps for use as an assessment tool in class. After the groups finished their
concept maps about water, they scored their concept maps by using the scoring criteria of
Novak and Gowin (1984) and discussed different ways of drawing concept maps with

classmates.
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According to Novak and Gowin’s scoring system, relationships, hierarchy, cross
links, and examples are the four criteria to be scored. Points are given on these criteria, if
they are valid and meaningful. To calculate the total points of a concept map score, one
needs to multiply the number of relationships by one, the number of hierarchical levels
by five, the number of cross links by fen, and the number of examples by one. Then the
scores are added. If a concept map had a misconception, invalid expressions, or
meaningless links, they were not considered as points (see Appendix C for the details).

Following instruction, the researcher assigned participants to nine teams with
two-three participants in each. Each team was randomly assigned to draw a concept map
of one concept they learned about through stations and one concept they read about in
their textbook reading assignments. There were nine teams in each cohort, representing
all the possible combinations of a concept they learned from readings and a concept they
learned from the station activities. Appendix E shows the concepts that were mapped by
each team in the two cohorts.

During the concept mapping activity, participants received manila file folders for
drawing their concept maps. Post-it notes were helpful for them to try different
configurations of their concept maps on the folders. After the groups finalized their
concept maps with post-it notes, they drew their maps on the folders and submitted them
to the instructor before the class ended.

Data Sources
Two sources of data were used in this part of the study. They were:
1. The open-ended survey “How well do you understand science concepts?”

scored with the rubrics discussed in part one.
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2) Concept maps, scored according to instructions given in Appendix C.
Administration of Survey

The survey given in part one formed the pretest for part two of the study. This
survey was given twice as posttests. The first posttest [Posttest 1] was the day the
assigned readings were due, and the preservice teachers participated in the learning
stations. They answered the three questions on the concepts they read about after writing
in their dialogue journals and the questions on the other three concepts after participating
in the learning stations. The survey was administered again [Posttest 2] after the concept
mapping activity.

Data Analysis

Question three concerned whether participation in earth science hands-on learning
stations was more effective in clarifying concepts than reading about these topics in
textbooks. Answering this question involved two analyses. In the first analysis, a two-
way ANOVA with repeated measures was computed, using pre and post survey scores to
determine whether the concepts were taught more effectively through reading or learning
stations. The repeated measures were time (pre-post) and instructional intervention
(having learned the concept by reading versus learning stations). The dependent variable
was the mean of the rubric scores on the concepts taught under the two conditions. There
were both possible main effects and interactions. The researcher predicted that
participants would be higher in understanding on the second administration of the survey
and that there would be an interaction effect with participants learning more through the

learning stations than through reading.
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H, = Participants have similar understanding of the concepts before and after

instructional interventions

H, = Participants show increased understanding of the concepts after instructional

interventions.

H, = Participants have similar understanding when taught by the two methods.

H, = Participants have greater understanding when learning through hands-on

learning stations than from readings.

A second analysis was designed to provide another outcome measure, concept
mapping score, to determine the effect of learning method. In this analysis, the score on
the group concept map was the dependent variable. Each case was a team of two or three
students. The students were randomly grouped and the concepts were randomly assigned
for these groups.

Master concept maps of six earth science concepts were created by the researcher
(see Appendix G) and their scores (see Appendix H) were calculated by using Novak and
Gowin (1984)’s scoring rubric (see Appendix C). The researcher calculated each group’s
concept map raw scores by using the same scoring rubric (see Appendix I for the
example group concept maps). Based on the master map scores, the groups’ concept map
raw scores were converted to the percentage scores. Since eight concept maps were more
complex than necessary, these concepts maps got the higher scores than the scores of the
related master maps. Therefore, the paired samples t-test was computed two times. First,
the percentage scores of eight groups that had higher scores than master maps’ scores
were considered as /00 %. Then the actual percentages were recomputed, e.g., a score of

75 when the master map score was 60 would receive a percentage score of 125 %.
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Because the research literature does not explain how to analyze maps scored higher than
the master maps, separate analyses were computed using the two types of percentage
scores.

The researcher predicted that participants’ concept maps would be more complete
for the concepts they learned through hands-on learning stations.

H, = Participants have similar concept map scores for concepts they learned

about through readings and through learning stations.

H, = Participants have higher concept map scores for concepts they learned about

through learning stations than through readings.

To answer question four, whether or not the concept mapping activity as an
intervention helped the students to better understand the concepts, answers on the third
administration of the survey (second posttest) were analyzed using a repeated measures
ANOVA. The subjects were all participants in part two of the research. The two repeated
measures were: (a) concept map/no concept map and (b) learning method; i.e., stations
versus reading. The dependent variable was the score on the third administration of the
survey calculated as follows:

1. Score on concept learned through learning station and concept mapping,

2. Score on concept learned through reading and concept mapping,

3. Average of the scores for the two concepts learned through learning stations

with no concept mapping, and

4. Average of the scores of the two concepts learned through reading and no

concept mapping.
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In testing whether concept mapping aided in clarifying concepts, an interaction
was predicted; i.e. that concept mapping would be more useful combined with learning
stations than with readings.

H, = Concept mapping makes no difference in learning the six earth science

concepts

H, =Concept mapping has a positive effect on learning the six earth science

concepts

H, =Concept mapping is more effective in clarifying concepts when combined

with hands-on activities than when combined with readings.

Part Three of the Study: Application of Conceptual Change Strategies during Field
Experience

The last part of the study explored how the preservice teachers in the researcher’s

class applied conceptual change strategies in their second or third grade field placements.
Field Assignments

The preservice teachers in the researcher’s class designed and implemented
learning stations in their school placements. In this assignment they developed at least
four hands-on learning stations that gave children experience with one or more topics and
created connections with other subjects. Participants developed a management plan for
moving the children among stations. See Appendix F for the assignment. In at least one
of the stations, they were expected to apply conceptual change strategies that they were
taught in class. Participants looked through the Quality Core Curriculum [QCC’s] to
determine which science concepts are to be taught at their grade level. The QCC’s form

the current science curriculum, since the Georgia Performance Standards [GPS] will be
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implemented in most grade levels, starting in Fall 2006. The preservice teachers talked
with their cooperating teachers about which concepts have already been taught and how.
They found out what the children know about the concept. Overall, all participants used a
KWL (Know, Wonder, and Learn) chart. On this chart, the preservice teachers noted
what their students said they know about the topic, the areas that their students wonder
about, and after the learning stations, what their students learned based on the strategies
that they applied. The preservice teachers implemented their stations in the last month of
their second placements.

During the first week of the study, the researcher made a short introduction to the
field assignment and gave general instructions. During the third and fourth weeks of the
study, the researcher focused on details of the assignment and answered questions in

9 <6

class, if needed. She gave instructions about the terms “concepts,” “conceptual
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understanding,” “conceptual change as a process,” and “common conceptual change
strategies in science.”

In this assignment all the preservice teachers were required to develop hands-on
learning stations in their field placements. Conceptual change texts, concept mapping
activity, and analogies were also discussed as other conceptual change strategies in one
class period. A conceptual change text on “food chain,” described in a research article
(Palmer, 2003) was shared with the class and the details were discussed. The effects of
using analogies in changing students’ incorrect understandings in science were discussed
by giving examples from life science (blood cells) and physical science (electricity).

Participants had experienced concept mapping activity on earth science concepts during a

whole class period as part of this research.
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The researcher reminded the class that after their students rotated through the
hands-on learning stations, they could also process their students’ final understandings by
using additional strategies. For example, the preservice teachers could: a) give different
exa