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The purpose of this study was to examine the conceptual understandings of 55 

elementary preservice teachers for the concept of buoyancy. This study used Ausubel’s 

Assimilation Theory (Ausubel, 1963) as a framework for a 15-week intervention that used pre/

post concept maps (Cmaps), pre/post face-to-face semi-structured interviews, and drawings as 

evidences for change of formation of cognitive structures. Using a convergent parallel design 

and mixed methods approach, preservice teachers’ conceptions were analyzed using these 

evidences. Study shows that preservice teachers held both scientific conceptions and 

misconceptions about buoyancy as a force before and after an instructional intervention. Of 

importance were the existence of robust misconceptions about buoyancy that included 

inaccurate scientific knowledge about the foundational concepts of gravity, weight, mass, and 

density. The largest gains in scientific knowledge included the concepts of gravity, surface area, 

opposing forces, and the buoyant force. These concepts were consistently supported with 

evidence from post-concept maps, post, semi-structured interviews, and drawings. However, 

high frequencies of is conceptions were associated with these same aforementioned concepts as 

well as additional misconceptions about buoyancy-related concepts (i.e., weight, density, 

displacement, and sinking/floating). Based on these findings, implications for this study suggest 

that elementary preservice teacher candidates should be carefully screened to ensure they have 

mastered foundational scientific knowledge that they are expected to teach to children. As such 

knowledge is a prerequisite to the development of pedagogical content knowledge, it is unlikely 

that large numbers of robust misconceptions will be significantly reduced or eliminated during a 

science methods course that is designed to focus on pedagogical content knowledge. 
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CHAPTER 1 

INTRODUCTION 

Background of Study 

Conceptual understanding of scientific concepts is essential to understanding the nature 

of science and the ways by which different aspects of the environment interact (Driver, 1996; 

Gilbert et al., 1982; Wee, 2012). In addition to the teacher’s knowledge and understandings 

about the concepts being introduced, the teachers’ pedagogical content knowledge is needed to 

help students bridge the gap between the everyday knowledge they bring to the classroom and 

the scientific knowledge teachers aim for students to acquire (Driver, 1996; Nilsson, 2014; 

Vikström, 2014). That is, student content and cognitive development is tethered to the ability of 

the teacher to facilitate experiences with accurate representations by which information can be 

experienced and internalized (Anderson & Helms, 2001; Hewson & Thorley, 1989; Vosniadou, 

1994, 2003; Wee, 2012). 

Research findings show that students have preconceptions about science concepts before 

they enter the classroom and these preconceptions originate from prior learning experiences and 

real-world interactions (Abell, 2007; Duit & Treagust, 2003). The current paradigm of science 

education attempts to address these preconceptions through the encouragement of student-

centered and inquiry-based learning experiences in which learning is anchored in the prior 

conceptual understandings the students. Learning is also facilitated by the teacher who provides 

engaging content, inquiry-based problems, and constructive feedback connected to a student’s 

prior knowledge (American Association for the Advancement of Science, 2009; National 

Research Council, 2000; NGSS, 2013; NSTA, 2012; Stoddart, et al., 2000). According to 

Anderson (2002), many definitions and interpretations of inquiry learning exist within society 
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and education circles, but all refer back to the process of the student developing the 

understanding through the guidance of a teacher or facilitator. The literature is robust in showing 

that implicit metacognitive developmental benefits result from inquiry based teaching, however, 

few publications focus on the quality of the facilitator through the lens of how conceptual change 

occurs for a specific concept and the results from specific 5E Learning Cycle instructional 

interventions (Anderson, 2002; Case & Gunstone, 2006; Cooper, 2007; Swanson, 1990; Taconis, 

Fergusen-Hessler, & Broekkamp, 2001; White & Gunstone, 1989). As teachers have an 

important role in the formation and refinement of scientific conceptions of scientific concepts, it 

is important that preservice teacher programs strive to develop teachers who acquire scientific 

knowledge about important fundamental concepts which can in turn be packaged within 

pedagogical content knowledge needed to instruct the students in today’s classroom. 

Statement of the Problem 

Identifying misconceptions about buoyancy has been the topic of investigation in several 

research studies (Biddulph & Osborne, 1984; Halford, Brown, & Thompson, 1986; Havu-

Nuutinen, 2005; Hsin & Wu, 2011; Yin et al., 2008), but most of these studies are centered on 

how K-6 students understand the observation of floating and sinking. Presently, there is a gap in 

the research literature concerning how preservice teachers understand the floating and sinking as 

it relates to the scientific concept of buoyancy. This study focused on preservice science 

teachers’ conceptual understanding of buoyancy and identified a number of scientific 

conceptions and misconceptions preservice teachers held about buoyancy. 

This study also assessed how teacher knowledge about buoyancy changed over time. As 

teacher preparation programs are charged with the development of teacher content knowledge as 
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well as pedagogical content knowledge, it was important to evaluate the outcome of these 

programs as they ultimately affect the fundamental understandings of student learning. 

Purpose of the Study 

The purpose of this study was to identify the preservice teachers’ conceptual 

understandings of buoyancy. The study aimed to provide program evaluation data for 

improvement of an elementary teacher education program. 

Research Questions 

There were two research questions that guided this study. They included: 

1. What conceptions do preservice teachers have about buoyancy?

2. How does an intervention within the 5E Learning Cycle influence preservice teachers’

conceptual understanding of buoyancy? 

Significance of Study 

 This study has significance for classroom teachers, preservice education programs, 

textbook authors, and curriculum designers. First, the study provides the scientific conceptions 

and misconceptions preservice teachers hold for the topic of buoyancy. The findings and 

implications of this study can be used to improve instruction in science methods coursework. Not 

only do students rely on facilitators for accuracy (Anderson & Helms, 2001; Hewson & Thorley, 

1989; Vosniadou, 1994, 2003; Wee, 2012), but it is essential that the facilitators and students 

accurately explore and understand scientific concepts (Driver, 1989, 1996; Gilbert et al., 1982; 

Wee, 2012). The information presented in this study can and should be used by instructors of 

preservice teachers to evaluate their program and ensure the current model of instruction results 

in scientific understanding is free from common misconceptions. 
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This study can also be used to examine degree plan coursework and possibly redesign 

such degree plans in an effort to better prepare teachers with the fundamental science content and 

concepts they will be expected to teach. This will help reinforce meaningful learning 

opportunities, as they relate to buoyancy. 

The connections made in this study between preschool students and preservice teachers is 

important to grasp. More specifically, this study shows that the understandings preservice 

teachers have of buoyancy and related terms is consistent with the understandings held by 

preschool and young students (Havu-Nuutinen, 2005; Hsin & Wu, 2011; Yin et al., 2008). 

Definition of Terms 

Scientific conception: A concept that is represented in a way that is consistent with the 

understanding currently accepted by the scientific community (Keeley, 2012). 

Cognitive structure: The framework on which an individual organizes or categorizes 

knowledge within their understanding. This, according to Ausubel (1963), is most effective when 

hierarchically structured through the subsumption of less complex concepts and can be 

influenced to change by interactions with the environments in which people live. This structure 

can be compared to a schema, as described by Thorndyke and Hayes-Roth (1979). See Figure 3. 

Concept: A representation of a pattern that defines a particular item, thought, or symbol 

within the environment. Concepts begin emerging within our cognitive structure between birth 

and three years of age as exposures facilitate identification with labels (Novak, 1983). 

Conceptual change: The process by which individuals redefine concepts or reorganize 

the way they are linked to concepts within their cognitive structure. This can involve 

manipulating the linkages that connect concepts (Novak, 2010). 
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Misconception: A concept that is represented in a way that is not consistent with the 

understanding currently accepted by the scientific community (Keeley, 2012). 

Schema: A pattern of propositions and concepts that are organized through interactions 

with the environment (Thorndyke & Hayes-Roth, 1979). 

Subsumption: The process of assimilating a new concept into a schema by it’s being 

categorized under a broader concept (Novak, 2010). 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Studies investigating the impact of teachers’ educational background on student 

achievement and the development of student academic skills have resulted in a variety of policy 

and pedagogical recommendations (Early et al., 2002; Duncan, et al., 2007; McDonald Connor et 

al., 2005; Schwab, 1973; Van Driel & Berry, 2012). In attempting to understand how academic 

skills and knowledge develop, it is important to grasp the theories behind how individuals 

construct, re-construct, or deconstruct understandings within their schema. Acknowledgement of 

the learning process has the potential to influence the frameworks teachers use to deliver science 

content and promote the rectification of misconceptions and/or the development of new 

understandings. Harrell and Subramaniam (2015) investigated how an intervention within a 5E 

Learning Cycle impacted knowledge about dissolving and concluded that the student output after 

the lesson did not reveal significant concept depth. This study seeks to build on that investigation 

through a different theoretical lens and scientific concept. 

This section provides the scientific definition of buoyancy, how research represents 

conceptual understandings as they relate to buoyancy, and the scientific conceptions and 

misconceptions about buoyancy. This section also provides support to the concept map strategy 

employed in the methodology.  

Scientific Definition of Buoyancy 

Buoyancy is an upward force that acts on an object in a fluid and determines whether the 

object will rise, sink, or remain static in a fluid (Giambattista et al., 2010; Young & Freedman, 

2015). As seen in the free body diagram presented in Figure 1, the buoyant force (FB) and the 

object’s weight (mg) directly oppose each other and their relationship determines the position of 
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the object in the fluid. If the object’s weight is greater than the buoyant force, the object will 

move away from the surface of the fluid (sink). Likewise, if the buoyant force is greater than the 

object’s weight, the object will move towards the surface of the fluid (float). Thus, floating and 

sinking is a manifestation of the relationship between weight and the buoyant force (Rowell and 

Dawson, 1977a, 1977b; Kariotogloy, Koumaras, & Psillos, 1993). 

Archimedes’ principle states that the buoyant force is equal to the product of the fluid 

density (fluid), volume of the displaced fluid (Vfluid) and gravity (g) (Dijksterhuis, 1988). This 

gives rise to the following formula for calculating buoyant force: FB =(fluid)(Vfluid)(g). The 

object’s density and volume do not influence the buoyant force calculation. They do, however, 

influence floating and sinking. Moreover, an object that rises in a fluid will have a greater 

buoyant force than the product of the object’s weight and gravity (mg). Figure 1 illustrates that 

three situations can result from the values associated with the relationship between buoyant force 

and weight.  Using Figure 1 as a model, if the product of the mass of the object(m) and gravity 

(g) is greater than the buoyant force (FB), the object will sink in the fluid. If the product of the 

mass of the object(m) and gravity (g) is less than the buoyant force (FB), the object will sink in 

the fluid. If the product of the mass of the object(m) and gravity (g) is equal to the buoyant force 

(FB), the object will neither float or sink in the fluid. It will be neutrally buoyant and remain 

static in the fluid. It is important to note that many academic textbooks, including Young and 

Freedman (2015), include the volume of the object in calculations. This calculation only includes 

the volume of the object that is responsible for displacing a fluid and is thus equal to the volume 

of the displaced fluid, as described above. For example, if a ball is fully submerged in a fluid the 

volume of the ball is equal to the volume of the displaced fluid. If the ball is partially submerged, 

similar to a boat in water, the volume of the displaced fluid is not equal to the total volume of the 
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ball. In that scenario, the volume of the displaced fluid is equal only to the volume of the object 

that was responsible for the fluid displacement. 

For the purpose of this study, the following concepts are considered “foundational” 

concepts because of their direct relationship to the formula needed to scientifically explain 

buoyancy: buoyant force, density of the fluid, volume of the fluid displaced by the object, 

gravity, weight, and mass. 

19. 

20. Figure 1. A free-body diagram showing the opposing forces on an object in a fluid.
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Figure 2. A concept map showing the cross-linkages between density and buoyancy. 
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As will be discussed in greater depth in subsequent chapters, learning about buoyancy 

and floating or sinking requires a student to have scientific conceptions of mass, volume, and 

density in order to fully develop a conceptual understanding of buoyant force and the formula for 

calculating the value. The concepts are related and dependent on one another. Using the 

aforementioned definition of buoyancy, it is important that students be able to integrate multiple 

dimensions in order to accurately and completely understand why things float and sink. Although 

it can be considered a single concept, buoyancy relies on a conceptual understanding of other 

physical science concepts. Figure 2 reveals a concept map showing the relationship between 

density and buoyancy, as outlined by the researcher of this study. The ways by which the 

different concepts relate is important to consider when considering how conceptual 

understandings are developed and maintained. 

According to the National Science Education Standards (NSES, 1996) and Next 

Generation Science Standards (NGSS, 2013), students should begin learning about states and 

properties of matter (eg., weight, size, and shape) in kindergarten. Forces are introduced in 

grades 5-8 and include the impact multiple forces have on an object or how objects will respond 

to balanced and unbalanced forces. These topics are expanded in NSES (1996) and NGSS (2013) 

for grades 9-12 when calculations are applied to momentum, net force, and strength of force. The 

interrelatedness between weight, volume, and floating and sinking was explicitly revealed when 

Halford, Brown, and Thompson (1986) studied how 7-14 year olds were able to judge volume 

predict an objects ability to float or sink based on weight. According to their study, 7-9 year olds 

have a difficult time understanding floatation because it requires the comparison of the fluid 

volume measurements and object’s weight. It was found that 11-14 year olds were able to 

comprehend concepts required to understand buoyancy (matter, forces, and weight) because they 
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were introduced through early educational and personal experiences. Although there is research 

about each individual scientific topic, to some degree, there is little research about when these 

ideas can be conceptualized by children in a way that allows them to incorporate the single 

concept understandings into a grander understanding of multiple concepts. 

This study is focused on the scientific conceptions and misconceptions of preservice 

teachers but it is essential to remember that the participants have been through the educational 

system and are active learners. To that end, the next section will explore how various age groups 

understand the concept of buoyancy and the associated concepts. This will give context to how 

the possible experiences of the preservice teachers and their potential exposure to scientific 

concepts associated with buoyancy. 

Conceptions of Buoyancy 

Students develop either scientific conceptions or misconceptions when exposed to 

concepts in academic environments and everyday experiences (Novak, 2010). Scientific 

conceptions are those based on factual details and meanings that also reflect the conception 

accepted by scientists (Keeley, 2012). In addition to understanding the individual scientific 

conceptions, these scientific conceptions must be integrated into a hierarchically organized 

cognitive structure that accounts for how some concepts are subsumed by others (Kikas, 2004). 

For example, the scientific conception of Archimedes Principle, an important application of 

buoyant force, requires the scientific conception of volume, density and gravity. An scientific 

conception of Archimedes principle (summarized in the formula FB =(fluid)(Vfluid)(g)) would 

reveal connections consistent with the direct relationships between buoyant force and fluid 

density, buoyant force and object volume, and buoyant force and gravity (Dijksterhuis, 1988). 

Misconceptions, on the other hand, are conceptions not aligned with the accepted definition by 
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scientists and, according to Keeley (2012), can be one of the following: trivial and only related to 

the basic definition; or, more robust and reveal the understandings of related concepts. Chi 

(2005) describes misconceptions as being “inaccurate or incomplete isolated pieces of 

knowledge” (p. 162) that, unlike scientific conceptions, are inappropriately organized into the 

cognitive structure. Continuing with the previous example, a misconception about buoyancy 

could be trivial and reveal a small misunderstanding of how mass is calculated, or be robust and 

show a disconnect in how density is related to mass or volume. Before discussing common 

misconceptions about buoyancy, the next section will explore the scientific conception of 

buoyancy, as defined by the scientific community. 

Scientific Conceptions and Misconceptions of Buoyancy 

As students progress through increasingly complex levels of science and physics, their 

understandings of buoyancy and related concepts are explicitly manipulated by teacher and 

curriculum interventions (Novak, 1983). Consistent with Ausubel’s (1973) encouragement for 

feedback for accurate conceptual assimilation to occur, it is important that younger students have 

scientific conceptions of smaller concepts so that they are able to extrapolate those concepts and 

feel confident expanding their conceptual framework as they progress through the different grade 

levels of science. Misconceptions, according to Chi (2005), can vary in terms of their depth 

within an individuals’ schema. Moreover, robust misconceptions require a complete overhaul of 

the schema when detected, while minor misconceptions can be remediated with a more simple 

intervention. To that end, this section will review the currently available research related to 

scientific conceptions and misconceptions about buoyancy among students within the various 

levels of education. A review of literature is presented in Table 1. 
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Preschool Conceptions of Buoyancy 

Piaget (1930/1960) was notable for his research of young children and the ways by which 

they explored and explained floating and sinking. Beginning with children between the ages of 4 

and 5, he noted that their explanations for why an object floats did not relate to observations of 

the environment – the children used moral reasoning. Piaget and others concluded that children 

of this age are in the early stages of diverging from anthropomorphically identifying with objects 

(Butts et al., 1993; Smith, Carey & Wiser, 1985) and are beginning to understand the limitations 

of animate and inanimate objects. In a study about density and buoyancy, Kohn (1993) observed 

how different age groups would explain and predict floating and sinking as they relate to object 

and fluid density. His research deepened the understanding of how this age group conceptualizes 

concepts and found that 4-5 year olds did not use “weight” or “volume” in their predictions, thus 

revealing that their cognitive structures are not expansive. Also, float or sink predictions were 

not made using factors deemed relevant by the scientific definition of buoyancy. For example 

Kohn (1993) revealed that 4-5 year olds are beginning to show or express relationships between 

density and buoyancy.    

Between the ages of 5 and 6, children begin to use their observations but do not have 

clear or accurate understandings of the concepts they use within their explanations (Piaget 

1930/1960). For example, according to Rappolt-Schlichtmann et al. (2007), 5-6 year olds use the 

word “heavy” as a way to say the force is strong; they are not using the term in reference to 

weight or gravity. Au (1994) noted that children of this age are only beginning to understand the 

concepts behind intrinsic and extrinsic properties and, according to Hsin and Wu (2011), they do 

not have the depth of experience or knowledge to differentiate between complex scientific 

concepts. It is not until the students reach ages 7 and 8 that they begin to appropriately apply 
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heavy and light to their explanations of floating. Despite the absence of a complete 

understanding of the concept, they are familiar with the idea of weight and heaviness and, as a 

result, are beginning to use these ideas as the main reason for something sinking or floating 

(Hsin & Wu, 2011; Havu-Nuutinen, 2005). After the age of 9, children are able to connect the 

concepts of volume and weight to floating and sinking. Similar to the research of Halford, 

Brown, and Thompson (1986), Kohn (1993) revealed that challenges exist between preschoolers 

and topics that involve many layers or dimensions. It is around the ages of 8 and 9 that students 

begin to demonstrate that they can differentiate between volume, size, and density (Smith, Carey, 

& Weiser; 1985). 

Most of the aforementioned research conducted with preschoolers centered on simple 

predictions of floating and sinking but also highlighted the learning environment and, more 

specifically, the role of the teacher. As noted earlier, preschoolers are beginning to interact with 

concepts of matter and do not have the intellectual framework to discuss terms such as density, 

volume, or force. Butts et al. (1993) took a unique approach and allowed preschool children to 

make floating and sinking predictions about several objects just before an education intervention 

centered on the properties related to floating and sinking. The researcher observed that students 

were not able to interpret the properties that led to objects floating and sinking without the 

assistance of a teacher. The research concluded that preschoolers not only need to use observable 

patterns in the environments to support predictions, but they also need direct instruction from 

teachers to help develop the skills and confidence that are necessary to successfully modify their 

conceptual understandings in ways that integrate accuracy. Moreover, the presechoolers are 

beginning to search for patterns in their environment but also have limited experience with 

formalized feedback.
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Table 1 

Summary of Literature Research that Focuses on Conceptions and Misconceptions about the Concept of Buoyancy. 

Author(s), Year Method Participants Findings 

Piaget, 1930/1960 Observing three-six year olds Preschool Moral reasoning is applied to 

explanation of phenomena, including 

floating and sinking 

Au, 1994 3 students observed about 

internalizing substance kinds 

Preschool Properties of matter are not understood 

or explained by preschool students. 

They have no understanding of 

intrinsic or extrinsic properties or the 

differentiation of the two. 

Halford, Brown & Thompson, 

1986 

78 students ages 3-9 given 

opportunities to explain density, 

weight, size, matter, and materials 

Preschool Participants were challenged in 

relating density, weight and matter. 

They have not been exposed to 

explanations of the scientific concepts 

– foundational or related.

Hsin and Wu, 2011 30 students ages 4-5 interviewed 

about floating and sinking 

Preschool Floating and sinking was not 

understood in terms of relationships 

between scientific concepts. 

Havu-Nuutinen, 2005 Case Study of 6 year old students 

using verbal data on conceptual 

change 

Preschool Understandings of floating and sinking 

were initially epistemological but 

became more complex with child-

teacher interactions. Students require 

facilitation for accuracy. 

Butts et al., 1993 113 five and six year olds were 

asked to predict floating and 

sinking of various objects 

Preschool and K-3 Participants used anthropomorphic 

reasoning to describe and explain 

science. Connections between floating, 

sinking, and other concepts are not 

concrete. 
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Table 1 (cont’d) 

Author(s), Year Method 
Participants 

Grade Level 
Findings 

Brown & Thompson, 1986 30 students ages 7-13 given 

opportunities to explain volume, 

density, weight, size, matter, and 

materials 

Preschool and K-8 Students understand volume but are 

challenged by scientific concepts that 

involve ratios, such as flotation.  

Kohn, 1993 3-5 year olds asked for buoyancy 

predictions of various objects 

Preschool - adults Participants failed to grasp weight and 

volume 

Rappolt-Schlichtmann et al., 

2007 

64 students in kindergarten and 

second grade observed for 

transient and robust knowledge 

K-2 Participants failed to grasp weight and 

mass 

Grimellini Tomasini et al., 1990 Reviewed the “ways of looking” 

at buoyancy for 8-9 year old 

students  

K-3, 4-8 Prior knowledge and conceptual 

change are important to consider when  

teaching floating and sinking 

Biddulph and Osborne, 1983 144 students ages 7-14 observed 

on floating and sinking 

K-3, 4-8 Participants did not grasp the 

relationships between concepts and 

fluid dynamics 

Howe, Tolmie, & Rodgers, 1990 Students observed for peer-to-peer 

conceptual change on floating 

K-3, 4-8 Students learn about floating and 

sinking most effectively by those who 

accurately understand the concept. 

Halford, Smith, Carey & Wiser, 

1985 

30 students ages 7 to 14 asked 

judgment and reasoning questions 

about floating objects 

K-9 Participants are challenged by the 

concepts involving multiple 

dimensions and forces 

Akatugba and Wallace, 1999 6 students interviewed and 

observed for reasoning on fluid 

description/analysis 

9-12 Participants did not have lacked 

fundamental understandings of how 

mathematics applied to fluids 
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Table 1 (cont’d) 

Author(s), Year Method 
Participants 

Grade Level 
Findings 

Greenwood, 1996 23 teachers given pre- and post-

test during graduate level course 

Preservice 

elementary teachers 

Participants did not understand the 

concepts surrounding static fluids. 

Stepans, Dyche, & Beiswenger, 

1988 

Instructional methods studied and 

reviewed 

Preservice teachers Participants did not understand the 

concepts of density and buoyancy 

sufficiently to identify relationships. 

Dawkins et al., 2008 Identification of teacher 

knowledge of density 

Preservice teachers 

of middle school 

Preservice teachers are challenged 

when explanations require 

mathematics. 
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The idea of searching for patterns was echoed in a Baker et al. (2011) study of 20 preschool 

students and the strength of inquiry based learning with and without a teacher. They compared 

direct and indirect instruction and concluded that having a teacher give feedback during the 

experiments helped to address and prevent misconceptions. According to Newell and Simon 

(1972), knowledge for preschoolers becomes procedural after several if-then situations result in 

similar outcomes. Regardless of whether evaluation or remediation occurs for correct or 

incorrect intuitions, the knowledge moves into an unconscious level and can be difficult to 

modify (Hashweh, 1986). It is evident through these studies that feedback is needed in order for 

scientific conceptions to be created within the primitive schema of preschool students.  

According to Piaget (1930/1960), elementary students, as a result of more complex 

experiences and observations, disconnect human-like reasons from their explanations of 

scientific observations and conclusions. They begin to move away from the anthropomorphic 

analysis and into a realm of application (Piaget, 1930/1960). They are disconnecting human-like 

reasons for floating and sinking and analyzing the connection between fluid and object properties 

(Halford, Brown & Thompson, 1986). Preschoolers’ understandings of object properties are 

more supported than those of fluids (Howe, Tolmie, & Rodgers, 1990), but, according to NSES, 

fluids are not explored in-depth until later grades. The research of Grimellini Tomasini, et al. 

(1990) found that elementary children had four different ‘ways of looking’ at floating and 

sinking: (1) the impact of substance and weight; (2) the impact of shape, air-filled pockets, and 

holes; (3) the impact of air; and, (4) the impact of the fluid. Biddulph and Osborne (1983) also 

showed that a variety of explanations of floating and sinking persist among the understandings of 

elementary age. When asked to describe a floating object with a majority of the object above the 

surface level, some students replied that the object was floating and sinking while others added, 
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through a variety of different incorrect statements, that the object was being held up by the 

water’s surface tension. One student noted that a person in a lifejacket is floating because “just 

some” (p. 115) of the body parts are below the surface of the water. When questioned why things 

float, a majority of the students referenced the weight of the object. It is apparent that elementary 

age students are only beginning to have the factual and conceptual foundations necessary to 

explain and comprehend the forces responsible for floating and sinking. 

A discussion by Yin et al. (2008) incorporated a study that focused on middle school 

students and revealed 10 common misconceptions they have about floating and sinking. They 

include: 

1. Big or heavy things sink; small or light things float.

2. Hollow things float; solid things sink.

3. Objects with holes in the surface sink.

4. Flat objects float.

5. A sharp edge on an object makes it sink.

6. Vertical (tall) objects sink and horizontal (flat) objects float.

7. Hard objects sink and soft objects float.

8. Heavy things float when filled with light fillers.

9. A larger amount of a fluid makes things float.

10. Sticky liquids makes things float.

The list begins to incorporate the influence of other scientific concepts (e.g., surface area, 

mass, and fluid properties); however, it is a very clear representation that a scientific 

understanding of buoyancy requires the prior understanding of the related or subordinate 
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concepts. Moreover, one cannot expect to understand the ways by which mass and gravity 

influence floating and sinking if the interaction of mass and gravity are not clearly understood. 

Dawkins et al. (2008) concluded that preservice teachers of middle school students are 

challenged when asked to connect scientific concepts to mathematical explanations. Seeing as 

teachers are responsible for helping students make those connections, it would be expected that 

middle school students understand the concepts as separate entities but are unable to move 

beyond a rote explanation. Several research articles have centered on this same notion, as is 

relates to connecting density and buoyancy, and argue that older students fail to make accurate 

connections if teachers do not have an accurate understanding themselves (Greenwood, 1996; 

Stepans, Dyche, & Beiswenger, 1988).  

The ways by which preservice teachers, as adults, understand floating and sinking has 

been studied in the context of how they relate to other age groups (Kohn, 1993; Greenwood, 

1996); however, the scientific conceptions of buoyant force or buoyancy have not been targeted 

directly for the population of adults intending to become teachers. In his research of children and 

adults, Kohn (1993) found that children and adults are challenged by the impact of weight on 

floating and sinking. Children and adults are both able to describe density but neither group 

accurately uses the terms ‘heavy’ and ‘light’ when describing why an object floats or sinks. 

Furthermore, children and adults are familiar with the relatedness of density and buoyancy but 

do not have an scientific conception of the relationship, as accepted by scientists. This was 

similarly revealed in Greenwood’s (1996) study of a constructivist approach to teaching 

scientific concepts. While not focused on buoyancy, the study concluded that significant gaps are 

present in the cognitive structures about buoyancy and density for preservice elementary 
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teachers. Research that specifically identified misconceptions and scientific conceptions among 

preservice elementary teachers was lacking. 

In conclusion, as individuals move through the educational experience and begin to 

interact with new environments in which buoyancy and related concepts are revealed, 

experiences and knowledge combine with prior knowledge to formally assimilate into an 

individuals cognitive structure. The next section will explore the theoretical framework through 

which this study has been developed. 

Ausubel’s Assimilation Theory 

The ways by which humans acquire and integrate knowledge into their interpretation of 

objects, ideas, or experiences has been the subject of research for many years (Ausubel & 

Robinson, 1969; Novak, 1977a, 1977b; Novak & Gowin, 1984; Novak & Musonda, 1991; 

Shavelson, 1972, 1974). In the mid-twentieth century, Piaget and Inhelder (1972) went against 

the positivist and behavioral theories that were driving research and argued that learning involves 

an individual’s cognition, affection, and psychomotor attributes. They pronounced that social and 

personal experiences directly impact the way people interpret their environment. Furthermore, 

learning, according to this social cognitive perspective, is the combination of constructing new 

ideas based on new interactions and deconstructing or modifying knowledge based on past 

experiences. The constructivist philosophy has been popular in research surrounding the ways by 

which people learn, especially in science (Carey & Smith, 1993; Driver, 1994; Kuhn, 1993; 

Vygotsky, 1978). 

Similar to Piaget and Inhelder (1972), Ausubel (1963) held that learning and knowledge 

construction are essentially the same process; both involve actively assimilating new ideas into 

an individuals’ schema. The term ‘schema’, as defined by cognitive psychologists, is a collection 
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of concepts that are grouped into structures that facilitate higher order thinking when combined 

with experiences and learning (Thorndyke & Hayes-Roth, 1979). Ausubel’s theory used the term 

‘meaningful learning’ to describe the process of schema manipulation, or how the cognitive 

structures that exist within the mind can be built, remodeled, or destroyed based on the stimuli or 

learning experiences. According to Novak (2010), meaningful learning is, “a process in which 

new knowledge is related to an existing relevant aspect of an individual’s knowledge structure” 

(p. 59). To be meaningful, the learner must choose to actively participate in the acquisition of 

new information and, more importantly, assimilate the new information into a pre-existing 

cognitive structure (Ausubel, 1963; 1968). This can involve integrating new concepts or 

modifying the ways propositions exist within pre-existing frameworks.  Propositions are two or 

more concepts connected through linking words.  For example, ‘floating is the result of positive 

buoyancy’ would be a proposition that includes two concepts: floating and positive buoyancy.  

New and reformed linkages that exist between concepts support the overall structure and give the 

learner the challenge of continually moderating the way the structure is maintained and 

constructed. Unlike the thoughts of positivist philosophers, cognitive psychologists and 

researcher hold that social and cultural influences play a distinctive role in the ways by which 

individuals engage in metacognition to monitor this experience. 

An important part of learning is obtaining or seeking feedback during the process of 

acquiring and assimilating information. According to Novak (2010), every student-teacher 

interaction should aim to “enhance further differentiation of the learner’s cognitive structure” 

(p.132) and build confidence for future conceptual encounters. This gives the learner the ability 

to trust future linkages that are connected to each confirmed concept because its definition has 

been validated, in a sense. Bransford et al. (2000) stated that, “if [students] initial understanding 
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is not engaged, [the student] may fail to grasp the new concepts and information that are taught, 

or they may learn them for purposes of a test but revert to their preconceptions outside the 

classroom” (p. 15). Thus, inaccurate feedback can support a misconception to the point that the 

individual or learner does not make an accurate linkage or adjustment to the placement of a 

concept within the greater structure. The misconception then becomes part of the cognitive 

structure and can influence the individual’s interpretation of the environment. Furthermore, 

another experience can be required to rectify the misconception and, as previously mentioned, it 

can be more difficult to modify entire conceptions as time progresses because smaller concepts 

are one piece to a greater structure (Novak, 2002). Other concepts are associated with 

misconception and are inaccurately linked. This concept of modifying and instilling 

misconceptions was the topic of Chi’s (2005) research. Similar to the concept mapping structure, 

she described the cognitive map as a tree with various hierarchical and lateral branches. 

Depending on how the concept was miscategorized - within a hierarchy or among cross linkages 

- different coping mechanisms can emerge. An individual can self-correct without deleting the 

accurate pieces of prior knowledge, revise some components of the misconception, or completely 

overhaul the entire conceptual framework and build a new structure for all scientific conceptions 

and misconceptions. The ability for an individual to self-correct or determine when a revision is 

needed is dependent on the learning experience. The next section will provide emphasis on the 

most effective type of learning, meaningful learning, as described by Ausubel (1963). 

Meaningful learning is directly opposed to rote learning, according to Novak (2010), and 

includes activities or experiences that balance reception or instruction, guided discovery, and 

autonomous exploration. Enveloped in tasks that invoke Bloom’s higher-level thinking (evaluate 

and synthesis), a level of engagement is required for meaningful learning and a conscious or 
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emotional decision to form relationships between old and new concepts must occur (Novak, 

2010). Rote learning, on the other hand, is memorization that can be attributed to a lack of 

affective connection and involves no effort. It includes tasks such as memorizing terms, applying 

given formulas to physics problems, and following directions. As will be discussed within this 

section, meaningful learning is a variation or application of constructivism in that the most 

effective experiences are those that rely on prior knowledge and connections between the 

affective aspects of the individual. Specifically, meaningful learning is similar to Vygotsky’s 

(1978) notion of social constructivism in how the environment impacts the knowledge structure. 

Rote learning usually occurs when individuals are attempting to learn something for a short 

period of time. While knowledge of facts is important in explaining concepts, rote learning does 

not engage the complete cognitive structure in a way that proves to be effective long-term 

(Novak, 2010). Problem solving and critical thinking skills that are amplified through linkages 

with higher concepts are only experienced through meaningful learning (Novak, Gowin, & 

Johansen, 1983).   

The assimilation of knowledge within a cognitive structure is a constant process that 

involves an ever changing array of concepts and linkages. Fully understanding the definitions of 

concept and proposition is essential to grasping and applying Ausubel’s assimilation theory. A 

concept is the result of a series of patterns or regularities and usually is embodied by a symbol 

(Novak, 2010). For example, the concept of a bed is usually accompanied by the flat shape, soft 

surface, and place of rest. An individual who encounters an object with those characteristics is 

likely to connect the concept of ‘bed’ to them. Concepts are acquired through cultural 

experiences, including parental and school interactions. Although the process of deepening 

patterns and understandings is accompanied by language acquisition, the research of Novak and 
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Gowin (1984) showed that humans begin to recognize adult reactions to their behaviors at early 

ages and begin to construct concepts within their mind. In fact, Novak and Gowin state that most 

three year olds have recognized or developed several hundred concepts through their experiences 

and language. As the child begins to experience feedback and exposure to new concepts, the 

concepts are linked through linkage words. These linkages are called propositions and become 

meaningful statements that reveal the hierarchical relationship between the concepts. Referring 

back to the example of a bed, a proposition would be, ‘a bed is used for sleeping’. The linking 

words in the previous example are italicized and, when a proposition is accurate or correct, it can 

be assumed that the individual who constructed the proposition truly understands the relationship 

between the concepts ‘sleeping’ and ‘bed’. 

Figure 3 reflects the concepts, linkages, and complexity involved in forming knowledge 

or developing relationships between concepts. In progression from “A” to “D”, the figure 

includes: (A) the isolated concepts without any connection to a cognitive structure; (B) isolated 

linking words that are not connected to any concepts; (C) the ways by which linking words 

connect concepts; and, (D) how the cognitive structure is composed of interrelated concepts and 

linking words. As has been discussed, it is essential that a teacher be the facilitator for forming or 

reshaping the cognitive structure in students with scientific understandings by giving feedback if 

a proposition is incorrect or two concepts are not appropriately linked. Figure 3D shows the 

dependence each concept has on every associated concept and one misconception can impact the 

overall structure. For example, if “Concept 3” in Figure 3 is inaccurate, a weak connection 

between the other concepts will exist as a result. In this example, Concept 3 is the single concept 

that connects all five of the concepts together. Teachers must be aware of how the concepts are 

related and the importance of accurate linkages and understandings. Similar to the deconstruction 
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and reconstruction required when trying a fix a weak support beam in the center of a building, 

manipulating the internal concepts requires modification of all surrounding concepts and 

linkages. 

Figure 3. A visual representation of cognitive structure formation. (A) A series of concepts 

present within the environment but with no distinct connection. (B) Linking words (LW) that are 

not connected to any particular concepts. (C) The relationships between concepts and linking 

words as a result of instructional intervention or learning. Note: Patterned squares represent cross 

linkages between concepts. (D). A cognitive structure that reveals the interconnectedness of 

concepts and linkages. 
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As previously discussed, meaningful learning is a complex process that incorporates 

cognitive and affective involvement by the learner. There are six principles of meaningful 

learning associated with the Ausubel’s Theory (1963) that outline how this involvement can 

occur. They include: subsumption, obliterative subsumption, superordinate learning, progressive 

differentiation, integrative reconciliation, and advanced organizers. These six processes are 

described below, as noted by Ausubel (1963). 

Subsumption. Subsumption occurs when a new understanding is assimilated into a 

schema by being subsumed under broader concepts. A subsumer is a general concept or category 

that incorporates smaller details or concepts. For example, if a new experience leads one to 

understand that beds are soft, the idea of ‘soft’ would be subsumed under the subsumer concept 

‘bed.’ Integrating this new description of the bed does not require a total rearrangement of prior 

knowledge or other concepts. This is an active or interactive process that involves a constant 

manipulation of prior knowledge and linkages. 

Obliterative subsumption. Sometimes compared to memory loss or forgetfulness, 

obliterative subsumption is manifested when concepts become cluttered with concepts and 

linkages to the point of there not being an easy recollection of the subsumed concepts. They 

become lost, in a sense, within the cognitive structure but can be revealed easier if the linkages 

are stronger and emotionally supported. As noted previously, subsumption requires a change to 

prior knowledge and, in turn, the overall cognitive structure. As more experiences contribute to 

an increased depth of knowledge, obliterative subsumption is the notion that older items within 

the cognitive structure can be more difficult to recall. An increased number of cross linkages and 

different applications or contexts can increase the speed of recall. 
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Superordinate learning. As learners become more immersed in a particular concept or 

area of study, it is likely that new concepts are encountered that form larger umbrellas over 

previous concepts. Moreover, a previously considered broad concept becomes the subsumed 

concept for a more inclusive concept. The active reflection required of meaningful learning 

supports this process because the learner must engage in finding the appropriate location within 

the cognitive structure to inject the newly learned idea. If the new idea is a broad concept, it 

makes sense that it encapsulates the appropriate and related prior knowledge. Individuals who 

exercise meaningful learning are more likely to have more superordinate concepts that are fully 

differentiated or cross linked to other concepts. It is the active process of meaningful learning 

that allows individuals to fully understand the reasoning for the differentiation that accompanies 

assimilating new information into the pre-existing cognitive structure. 

Progressive Differentiation. Similar to the way a spider web grows in size and 

complexity, progressive differentiation occurs when the cognitive structure begins to incorporate 

new concepts and linkages. As a learner becomes more experienced and is exposed to new 

concepts, their cognitive structure become more inclusive and, as a result of the other learning 

principles, subsumption and assimilation occurs. As was mentioned earlier, all principles are 

interconnected and, with subsumption, this is the key to the assimilation theory. 

Integrative reconciliation. According to Novak (2002), learning by rote has a higher 

probability of generating misconceptions. Also, as was described earlier, societal influences have 

a direct impact on the accuracy of conceptual understandings. Integrative reconciliation is the 

process by which previously constructed misconceptions are corrected and integrated into the 

cognitive structure correctly. As will be described in the conclusions of the dissertation, this 

process is very prevalent in instances when students have basic understandings that are supported 
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by little more than rote memorized facts. Furthermore, when learners are exposed to multiple 

presentations of the same topics over a series of years, it is very possible that later instances 

correct or better define concepts to strengthen the learner’s understanding. 

Advanced organizers. The hierarchy of knowledge within a cognitive structure is at the 

heart of the advance organizer principle. Using constructivism as the root epistemological 

framework, knowledge can be viewed as “complex frameworks of concepts and propositions” 

(Novak, 2010, p. 106). Although only a portion of Ausubel’s theory, advanced organizers serve 

as an instructional strategy that, according to Bransford et al. (1999) help provide visual 

representations of how the brain has organized information. Novak (2010) identifies two 

requirements of any advanced organizer: (1) it must clearly identify the learner’s existing 

conceptual and propositional understandings; and (2) it must provide an opportunity to 

effectively organize the learner’s understandings so that it can be used as a framework on which 

new knowledge can be assimilated or misconceptions identified and remediated. One visual 

representation of knowledge hierarchy is concept mapping, which will be explored in depth in 

the subsequent section. 

Concept Mapping 

Concept mapping formally originated in 1972 when Novak and his graduate students 

were investigating conceptual knowledge and understandings of  science students after a lesson 

on scientific concepts (Novak & Musconda, 1991; Moon, Hoffman, Novak, & Canas, 2011). 

According to Novak and Gowin (1984), concept maps are visualizations of how concepts and 

propositions are organized within an individuals’ mind. They are roadmaps that reveal the 

hierarchically structured understandings that, consistent with the theory introduced by Ausubel 

(1963, 1968), and compose the cognitive structure that is formed and influenced by learning. The 
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idea that concept maps might provide insight into how individuals understand concepts has been 

a reason why concept maps have been the subject of a significant amount of research, especially 

in the areas of teaching, learning, and assessment (Byrne & Grace, 2010; Cañas et al., 2003; 

McClure et al., 1999; Novak, 1990; Novak & Gowin, 1984; O’ Donnel et al., 2002; Yin et al., 

2005). Concept maps permit learners an opportunity to demonstrate how their prior knowledge is 

organized and, if used as a pre-assessment tool, enables a teacher to design interventions to 

remediate misconceptions or further increase the depth of the learners’ understanding. The next 

section will explore, in depth, the various components of a concept map that make them effective 

tools in education. Furthermore, it will outline the various ways by which concept maps can be 

constructed and facilitated. 

Concept Maps as Evaluative Tools 

Literature suggests that concept maps, when used as classroom assessment tools, have 

four factors that must be included in the evaluation process: (1) how the concept map is 

constructed (C-map or S-map); (2) overall structure; (3) inclusion of attributes (i.e., concepts and 

linking phrases); and (4) accuracy and quality of included information (Novak, 1990; Novak & 

Gowin, 1984; Yin & Shavelson, 2008). This section will explore these components in greater 

depth. 

In terms of how a concept map is constructed, literature promotes two distinct processes: 

S-maps and C-maps. Each process differs in how involved the student is in determining the 

attributes to be included in the concept map. In the first process, students are required to create a 

concept map using provided subordinate concepts and linking phrases. The only requirement of 

the student is to create linking relationships with the provided attributes (S-map). The second 

process requires the student to create a concept map by generating or supplying all appropriate 
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subordinate concepts and linking phrases (C-map). Both processes can be used to elicit 

understandings about key concepts (Yin et al., 2005; Yin & Shavelson, 2008). However, research 

also indicates that the C-map format serves as a better assessment tool because, due to the 

requirement that students must determine the organization, linkages, and subordinate concepts, it 

more accurately reveals student knowledge and understanding by increasing the chance a 

misconception will be revealed (Ruiz-Primo et al., 2001a, 2001b). 

A review of the literature reveals that several different structures exist for concept maps: 

linear, a series of linkages without branching; circular, a series of linkages that all connect to and 

from a different concept; hub/spoke, radial linkages that emerge from a central concept; tree, a 

series of linkages with branching; and, network/net, linkages that can be linear or contain 

interconnected branches (Kinchin, 2000; Yin et al., 2005; Yin & Shavelson, 2008). These can be 

seen in Figure 4. Consistent with Ausubel’s theory that knowledge is organized in a hierarchical 

structure, Novak and Gowin (1984) promoted that, regardless of how the concept map is 

displayed, an effective concept map must include the most inclusive or broad concepts above 

those that are more specific. In other words, less general concepts should be subsumed 

underneath more widely encompassing ones (Ausubel, 1963). Linkages can go from higher to 

lower levels or, in the case of a cross linkage, between different branches or proposition 

segments. Novak and Musonda (1991) explored the ways by which concept maps can expose the 

hierarchical accuracy of how an individual understands a particular concept and found them to be 

a very accurate assessment tool for measuring associations and relationships. 

There are three attributes that must be present in a concept map if it is to be used for 

assessing understanding. These attributes include: concepts, linkages, and propositions. Novak 
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(2010) described a concept as “a perceived regularity in events or objects, or records of events or 

objects, designated by a label” (p. 22). A concept, or node, can be superordinate or subordinate. 

Figure 4. Examples of concept map structures. LW represents a ‘linking word’ or phrase. A) 

tree; B) circular; C) network/net; D) hub/spoke; E) linear. (Yin et al., 2005) 
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Subordinate concepts support the explanation or definition of the superordinate concept. A 

proposition is a meaningful and accurate statement and represents the basic functional unit of a 

concept map (Johnstone & Otis, 2006; Moon, et al., 2011). Concepts are hierarchically 

connected using linkages. Linkages consist of words or phrases and lines that can be directional 

or non-directional. While simple linking words or phrases reveal the relationship or association 

between the linked concepts, Moon et al. (2011) noted the importance of including arrowheads 

on connecting lines to designate the directional relationship or meaning between the concepts. 

Although mentioned as an optional attribute, this additional level of complexity was not a point 

of focus by Novak and Canas (2008). When linking words/phrases connect two concepts, the 

three-piece unit can be considered a proposition. Figure 5 shows a complete proposition that 

includes two concepts (‘buoyant force’ and ‘weight’) and one linking phrase (‘depends on’). In 

Figure 5, buoyant force is the superordinate concept because it is answering the question. Weight 

is subsumed underneath buoyant force and is the subordinate concept. 

Figure 5. An example of a proposition showing the relationship between the concepts of buoyant 

force and weight. 
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As it has been revealed through this section, a variety of concept map techniques exist 

and components are viewed differently by various researchers (Byrne & Grace, 2010; Cañas et 

al., 2003; McClure et al., 1999; Novak, 1990; Novak & Gowin, 1984; O’ Donnel et al., 2002; 

Yin et al., 2005). A review of the literature indicates that measuring the quality and accuracy of 

concept maps involves evaluating the propositions (Novak & Cañas, 2006). Propositions must 

include a valid relationship between the superordinate and subordinate concepts and reveal the 

hierarchical association. Quantifying concept map accuracy has been the topic of many research 

studies; some preferred to provide a score based on the total number of propositions (Herl et al., 

1999; Astin & Shore, 1995), while others scored maps using the sum of quality scores generated 

for each proposition or the proportion of valid linkages (Ruiz-Primo & Shavelson, 

1996).Regardless of the method for review, the scores center on propositions and how the author 

relates concepts through the use of linking words. The next chapter will include a specific 

analysis of the concept map scoring strategy to be employed in this study. 
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CHAPTER 3 

METHODOLOGY 

Research Context 

The importance of content knowledge and teaching methods is important for teachers and 

preservice programs to consider and, according to research, both are important and must be 

developed in tandem (Appleton, 2006; Davis & Petish, 2005). Davis et al. (2006) reviewed 112 

articles that focused on science teacher preparation and noted the major thematic challenges for 

new teachers that must be embraced by preservice programs: (1) having accurate and up-to-date 

content and scientific knowledge; (2) understanding how students learn; (3) understanding and 

appreciating various pedagogical approaches to teaching; (4) being able to create and foster an 

positive learning environment, in terms of physical space and culture; (5) developing as a 

professional. Specifically, the teaching approaches present within preservice teacher programs 

must engage students in the acquisition of scientific understandings if they are to avoid a cycle of 

continuing misconceptions about the topics they teach (Abell, 2007; Kind, 2009). 

On a theoretical level, this study provides a visible representation for how preservice 

teachers construct their conceptual understanding of buoyancy. Knowledge, according to 

Ausubel (1963), is organized hierarchically and through linkages between concepts that are 

formed through meaningful learning experiences. Novak (2010), a collaborator of Ausubel’s 

theoretical lens, outlined five elements that must be present within experiences or environments 

before meaningful learning can occur: 

1. Learner

2. Teacher

3. Knowledge
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4. Context

5. Evaluation.

These elements of learning and education individually or collectively have the ability to 

present situations to strengthen or build new and accurate connections or linkages between prior 

and new knowledge. This study applied Ausubel’s (1963) descriptions of knowledge and 

learning to how preservice teachers’ understanding and learning of buoyancy. Specifically, this 

study addressed the cognitive structures of the preservice teachers before and after an instruction 

intervention. This study used concept mapping (Novak, 2010) to explore both scientific and 

inaccurate conceptual understandings about buoyancy held by elementary preservice teachers.  

Regardless of the content knowledge discipline, preservice education programs are 

valuable because they provide future teachers with experiences and information that, according 

to many, including Piaget (1930/1960) and Vygotsky (1973), translate into the educational 

experiences they provide students. These educational experiences directly and indirectly 

influence how students view the world. Misconceptions introduced by teachers into the cognitive 

structures about floating and sinking will be exposed any time the learner is around fluids and 

objects. Furthermore, the impact of misconceptions to the broader understanding of related terms 

will require intense remediation when discovered and remediation time could have been used for 

exploring new topics or applying prior understandings about buoyancy to more complex topics. 

Although limited to one topic within multiple curricula, the outcome of this study informs 

preservice educators and their students about the importance of identifying and eliminating 

misconceptions. It also reinforces the notion that instructional interventions have outcomes when 

delivered accurately and provide curriculum designers with a reinforced understanding of 

concept development. 
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The following research questions were used to frame the research design for this study: 

1. What conceptions do preservice teachers have about buoyancy?

2. How does an intervention within the 5E Learning Cycle influence preservice teachers’

conceptual understanding of buoyancy? 

Research Design 

According to Hsin and Wu (2011), the scientific concepts necessary to understand 

buoyancy are introduced in preschool and elementary school. National Science Education 

Standards (1996) suggest that students should have an understanding of buoyancy and buoyant 

forces after high school science or a general physics course. With this in mind, the research 

design for this study aimed to identify scientific conceptions and misconceptions about buoyancy 

present within the cognitive structures of preservice teachers before and after an intervention 

within a 5E Learning Cycle. The methodological framework involved a mixed-method approach 

with a convergent parallel design (Creswell, 2013). First emerging in behavioral research when 

Campbell and Fiske (1959) incorporated multiple pieces of qualitative data to evaluate 

psychological traits, the mixed methods approach has evolved within the various research 

paradigms to be an effective way to provide analyses. Tashakkori and Teddlie (1998) define 

mixed method as “triangulation [that] involves the use of both qualitative and quantitative 

methods and data to study the same phenomena within the same study” (p. 18). There is value in 

answering research questions through an organized and methodical triangulation process (Cohn, 

Manion, & Morrison, 2000; Glesne, 1992). This method was chosen based on the research 

questions and the goal to understand the cognitive structures, as they relate to buoyancy, of the 

preservice teachers. 
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The quantitative portion of the study allowed the researcher to compare the proposition 

accuracy scores of concept maps before and after the intervention. Thus, it provided supporting 

data for conclusions regarding the first research question about what conceptions preservice 

teacher hold about buoyancy. The qualitative aspects of a study, according to Glesne (1992), 

facilitate an organic and participant driven exploration of knowledge present within the 

participants. Themes were not predetermined and the researcher allowed the participants to 

express his/her knowledge without prompting. Driving the ability to conduct a quantitative 

analysis was the quantitative methodology set forth by Braun and Clark (2006). Moreover, this 

process of examining both quantitative and qualitative data will provide an opportunity for the 

participant to express a clear picture of their understanding before and after the educational 

intervention. Also, it provided multiple angles to evaluate if and how the intervention influenced 

the conceptual change. 

The quantitative data collected in this study were concept map scores and the number of 

accurate conceptions and misconceptions present in drawings. The qualitative data centered on 

thematically-coded student interviews that, according to Edwards and Fraser (1983) are equally 

as effective as concept maps when attempting to solicit knowledge from a learner and would 

support the triangulation of conceptual understandings of buoyancy within the pre- and post-

cognitive structures of the preservice teachers (Novak & Cañas, 2008; Novak & Musconda, 

1991). 

Participant and Site Selection 

Participants for this research study were enrolled in a science methods course, 

Science in Grades E-6 during the fall semester of 2012 at a large university in the southwest. 

All participants were high school graduates and seeking to obtain and elementary teaching 
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certification in Texas. The total sample consisted of 55 preservice teachers, of which four 

were male. Prior to participating in the science methods course, it was required that all 

participants complete their required core and academic major science courses. All except 

for seven participants earned credit in a “Conceptual Physics” course at the institution at 

which the research was conducted or a community college. Six of the seven not earning 

credit in “Conceptual Physics” earned credit in Physics I at the institution at which the 

research was conducted or a community college. Only one participant had not earned 

credit in a physics course at the college level. Thus, all except one were exposed to the topic 

of study, buoyancy, in a college-level course prior to this study. 

Transcript Analysis 

The analysis of the participants’ science backgrounds was performed in order to obtain 

insights into the academic preparation each participant had as it related to science and physics, 

and, to an extent, their exposure to buoyancy and related concepts. This analysis also ensured all 

participants were not being exposed to the scientific concepts associated with this study for the 

first time, thus permitting a context for conclusions about the source(s) for scientific conceptions 

and misconceptions. Furthermore, reviewing the background that participants had prior to the 

study in Conceptual Physics and General Physics courses supported the implications of this 

study and, more specifically, how teacher preparation programs can ensure they are matriculating 

students prepared to address misconceptions and convey scientific conceptions to students. 

As seen in Table 4, a majority of participants (82%) successfully completed a Conceptual 

Physics course as prerequisite coursework. Five participants (9%) completed General Physics 2 

and its prerequisite General Physics 1, in addition to the respective lab courses. It is important to 

note that seven participants (13%) repeated at least one course and based on the transcript data, 
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the repeats were due to either a low passing grade (e.g., C or D) in the initial attempt, failure in 

the first attempt, or an unexplained withdrawal. 

The curriculum for each of the courses listed in Table 4 covered basic physics concepts, 

including a basic overview of buoyancy and all related concepts. Thus, all participants had some 

experience learning about buoyancy and had the potential to connect related concepts as they 

constructed pre- and postconcept maps the midterm examination drawings, and participated in 

semi-structured interviews. 

Table 4 

Courses taken by participants prior to study and 5E Learning Cycle instructional intervention on 

buoyancy (n=55).  

Course Title 

Number of participants who 

enrolled (% of participants) 

Number of participants 

who repeated (% of 

participants) 

Introduction to Physics 1 (2%) 0 (0%) 

Introduction to Physics 

(Lab) 
1 (2%) 0 (0%) 

Conceptual Physics 46 (84%) 2 (4%) 

General Physics 1 7 (13%) 3 (5%) 

General Physics 1 (Lab) 6 (11%) 1 (2%) 

General Physics 2 6 (11%) 0 (0%) 

General Physics 2 (Lab) 6 (11%) 1 (2%) 

Note: Percentages were calculated by dividing the number of participants who took the 

respective course by the total number of enrollees and participants. 
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Table 5 shows five different depths of physics coursework progressions by which 

participants in this study explored their interest in physics or completed degree requirements. 

Complete degree plans (e.g., major or minor) for each participant were not explored, thus the 

reason for the various pathways was not included as part of this study. A majority of the students 

(82%) only completed the Conceptual Physics course as their preparatory work for the Science in 

Grades E-6 course used in this study. Only one student (2% of participants) completed the 

coursework for Introduction to Physics, General Physics 1, General Physics lab, General Physics 

2, and the General Physics lab. This study did not review the connections between individual 

data artifacts and particular participants. For example, the individual who completed three 

physics courses was not studied in depth, as it related to their understandings or conceptual 

change. 

Table 5 

Combinations of physics related courses taken by participants prior to study and 5E Learning 

Cycle instructional intervention on buoyancy (n=55).  

Course Combination 

Number of participants who 

enrolled (% of n) 

Conceptual Physics Only 45 (82%) 

Conceptual Physics and General Physics 1 1 (2%) 

General Physics 1 and Lab; General Physics 2 and Lab 5 (9%) 

Introduction to Physics and Lab; General Physics 1 and Lab; 

General Physics 2 and Lab 
1 (2%) 

Other 3 (5%) 

Total 55 (100%) 

Note: Percentages were calculated by dividing the number of participants who took the 

respective courses by the total number of participants. 
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A review of the student transcripts also showed a variety of grades earned by participants 

(see Table 6). A majority of the participants (72%) earned a grade of A or B in a college-level 

conceptual physics course, a course restricted to elementary education students. Also worth 

noting, two participants were required to take a conceptual course two times in order to earn 

credit because of a failure on the first attempt and two participants were required to take General 

Physics 1 multiple times because of failures on the first attempts. 

Table 6 

Grades recorded in courses taken by participants prior to study and 5E Learning Cycle 

instructional intervention on buoyancy (n=55). Grades are reported using a 4-point scale: A 

(90-100%)=4.0; B (80-89%)=3.0; C (70-79%)=2.0; D (65-69%)=1.0; F (0-64%)= 0). 

Course Title 

Number of 

participants 
Average 

Grade Max Min σ 

Introduction to Physics 1 3 3 3 - 

Introduction to Physics (Lab) 1 2 2 2 - 

Conceptual Physics 48* 2.83 4 0 1.0 

General Physics 1 13* 1.38 4 0 1.4 

General Physics 1 (Lab) 7* 2.86 4 0 1.7 

General Physics 2 6 2.5 3 2 0.5 

General Physics 2 (Lab) 7* 2.71 4 0 1.5 

Note. * Includes participants who took the course multiple times. See Table 7 for number of 

participants, exclusive of repeats, who enrolled in each course. 
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According to the information presented in Table 7, a majority of participants (64%) 

earned an A or B in their first or final attempt in Conceptual Physics or Physics I. Thirteen 

percent of participants repeated Conceptual Physics or Physics I and all earned equal or higher 

grades on the subsequent attempts. As previously noted, the reasons for retakes were not 

evaluated, but may have included low grades that were not satisfactory for personal, 

professional, or academic reasons. Also worth noting, the failing grades were not satisfactory in 

terms of being awarded any credit by the institution at which the course was taken. 

Table 7 

Frequency of letter grades recorded in courses taken by participants prior to study and 5E 

Learning Cycle instructional intervention on buoyancy (n=55). Grades are reported using a 4-

point scale: A (90-100%)=4.0; B (80-89%)=3.0; C (70-79%)=2.0; D (65-69%)=1.0; F (0-

64%)= 0). 

Course Title A B C D F Total 

Introduction to Physics - - 1 - - 1 

Introduction to Physics (Lab) - 1 - - - 1 

Conceptual Physics 12 21 11 3 1 48* 

General Physics 1 2 - 3 4 4 13* 

General Physics 1 (Lab) 3 1 2 - 1 7* 

General Physics 2 - 3 3 - - 6 

General Physics 2 (Lab) 3 1 2 - 1 7* 

Note. * Includes participants who took the course multiple times. See Table Courses for number 

of participants, exclusive of repeats, who enrolled in each course. 
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In summary, the participants in this study had a background or some exposure to basic 

physics concepts, including force and buoyancy. While the depth of knowledge at which each 

student engaged in buoyancy and the related concepts were determined by variables that were 

not controlled in this study or the real environment of learning, the exposure was at least present 

in some form for each participant. The relevancy of this information to the research questions 

will be explored in greater depth in the discussion and conclusions in the next chapter. 

There were four sections of the Science in Grades E-6 course with three science 

education instructors each individually teaching one or two sections. Each instructor subscribed 

to a collaboratively crafted curriculum for the Science in Grades E-6 course that, in addition to 

lessons on pedagogy and assessments, included specific lessons on dissolving, density, and 

buoyancy. Constructivism and the 5E Learning Cycle were included in the pedagogy lessons. 

The curriculum was not scripted; however, all three instructors agreed on a model for teaching 

lessons related to buoyancy to assist with this research. They also were asked to use pre/post 

concept mapping for evaluation on topics associated with this study. All participants were 

expected to complete an identical mid-term and final exam in order to complete the course and 

earn credit. As it is presented in Appendix I, all participants enrolled in the Science in Grades E-

6 course were exposed to the 5E lesson on buoyancy. The researcher observed each class session 

on buoyancy to ensure all areas were completed. 

Informed Consent 

The Institutional Review Board (IRB) at the institution offering the Science in Grades E-

6 course approved collection and use of data in this study. All information and artifacts that 

could identify the participants of this study were kept in a place accessible only to the researcher. 
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Instructional Intervention 

The 5E Learning Cycle was used as the framework for the instructional intervention. 

Developed by the Biological Science Curriculum Study (Bybee et al., 2006) in the 1980’s, the 5E 

Learning Cycle presents an inquiry-oriented method that seeks to develop or encourage 

situations that require the student to create ‘conceptual maps’ that take them into the realm of 

formulating their own ideas and hypotheses. This learning cycle was selected because of the way 

it corresponds to the constructivist philosophy on learning and engaging prior knowledge to 

generate new understandings. According to Driver (1989), the learning presented by the BSCS 

model “involves an interaction between the schemes in pupils’ heads and the experiences 

provided” (p. 27). 

The 5E Learning Cycle of constructivism involves 5 stages of interactions: Engage, 

Explore, Explain, Elaborate, and Evaluate. All stages were designed to reinforce the participants’ 

ability to accurately discuss and apply buoyancy and related concepts. 

The Engage stage was initiated by a discussion about hot air balloons or SCUBA diving. 

A demonstration was also used to support the discussion. A 30 g ball of clay and a 30 g piece of 

clay made into a boat shape were placed into a 10-gallon aquarium filled with water. The ball 

sank to the bottom of the aquarium while the boat remained on the surface. Prior to the 

demonstration, an equal arm balance was used to show that the two pieces of clay had the same 

mass. Students were asked to record observations and discuss possible explanations. 

The Explore stage consisted of pairing the participants and asking them to make model 

boats using 15 cm x 15 cm pieces of aluminum foil. The objective was to make a boat that would 

hold masses (pennies) added one at a time. The instructor did not provide direction or 

recommendations for shape or design. After completing 3 trials, participants were asked to 
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reflect on why their design was successful or unsuccessful. They were encouraged to view other 

boats and results to further their explanation for the influence of boat shape. Boats with high 

surface areas were most successful. 

Figure 6. Two examples of participants adding masses (pennies) to aluminum foil boats. 
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The Explain stage included a substantial lesson reviewing the following terms: buoyancy, 

buoyant forces, floating, sinking, gravity, weight, density of fluid, density of object, mass, 

displacement, and surface area. The presentation included visual projections of terms and 

examples. All terms were addressed and defined by the instructor. A researcher was present in 

every lesson to ensure consistency and accuracy. 

The Elaborate stage provided the participants with an extensive review of the clay and 

boat experiences. It also incorporated historical perspectives on Archimedes’ principle and how 

buoyancy influences design and decisions by engineers and SCUBA divers. This portion of the 

class was discussion based and included student questions. The goal was to elaborate on the 

experiences and remediate if necessary. 

For the Evaluation stage, participants were given a worksheet that asked knowledge and 

application questions. These included, but were not limited to, the following: What is the 

buoyant force?; Explain how substances denser than water can still float on the surface of a fluid; 

and, Explain the difference between density and buoyancy. 

Methods 

This section will explore the various research components and sequences employed for 

this study. This study used the following data components: (1) pre-concept maps; (2) post-

concept maps; (3) semi-structured interviews; and, (4) mid-term exam artifacts. 

In order to ensure all participants were exposed to the proper design and attributes for 

effective concept mapping, according to Novak (2010), all instructors of the Science in Grades 

E-6 course incorporated concept mapping as an evaluative tool for lessons that preceded the 

introduction of buoyancy, including density. This allowed teacher feedback about concept map 

design prior to the buoyancy lesson and, more importantly, the pre-concept map construction that 
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were used for this study. All participants were also provided instruction and experience with 

CmapTools, a shareware concept mapping program that provides consistent structure and 

organization for evaluation of knowledge constructs (Cañas et al., 1994; Novak 2010). 

CmapTools has been used in many educational and corporate settings to quickly and effectively 

present relationships between concepts (Coffey et al., 2003; Ryve, 2004; Van Zele, Lenaerts, & 

Wieme, 2004). Consistent with the research of Moon et al. (2011), participants were required to 

include directional arrows on all linking lines to expose their understandings of the relationships 

and give validation to the proposition. This instruction about concept mapping was also done to 

ensure that data collected for this study would not be impacted by participants not being able to 

interact with the concept mapping collection instrument. The data would not be accurate if the 

participant was not informed on the process for creating a concept map; their understandings 

would not be reflected on the maps because of their inability to construct a concept map and not 

because of their lack of understanding (Novak, 2010). Moreover, this issue would render the 

analysis of the concept map uninformed of the true understandings of the participants’ scientific 

concept of buoyancy. 

To the same end, all teachers of the Science in Grades E-6 course sections were made 

aware of the four factors that impact the effectiveness of concept map construction: how the map 

is constructed, overall structure, inclusion of attributes, and, accuracy and quality of included 

information (Yin & Shavelson, 2008). Teacher knowledge of concept map construction 

influences how participants perceive the activity and execute the creation of acceptable concept 

maps (Wallace & Mintzes, 1990). 

As noted in figure 7, the first data component collected was the pre-concept map. Before 

the 5E Learning Cycle lesson that centered on the concept of buoyancy, all participants were 
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asked to create a concept map that included buoyancy as the central topic. Following the 

recommendation of Yin et al. (2005), participants were not provided concepts or linking 

words/phrases. This type of a concept map, a ‘C-map’, increases the validity of the output 

because the participants are entirely responsible for using their understandings to produce related 

concepts and the appropriate linking words/phrases. It also provides an effective way to assess 

conceptual understanding (Ruiz-Primo & Shavelson, 1996; Yin et al., 2005). These were 

collected immediately after all participants were completed. 

Following the pre-concept map collection, participants experienced the full 5E Learning 

Cycle lesson on the scientific concept of buoyancy described in the previous section and is 

outlined in Appendix A. The researcher observed these lessons to ensure consistency and 

accuracy. 

Similar to the pre-concept map, all participants were asked to construct concept maps 

with buoyancy as the central topic after the elaboration stage of the 5E Learning Cycle was 

completed. The same concept mapping requirements (e.g., directional arrow and linking words) 

were requested of the participants. 

As seen in Figure 6, the data components were collected in a sequence that facilitated an 

investigation into conceptual change as a result of the 5E Learning Cycle lesson on buoyancy. 

The pre-concept maps allowed the researcher to have an understanding of the prior knowledge 

and the other components revealed the manipulations of pre-existing understandings or the 

assimilation of new concepts or linking words. While it remained possible that all participants 

were not fully utilizing the various components laid out by Novak (2010) and Moon (2011), 

interviews were conducted to provide insight into their understandings based on the concept 

map. This was done to further eliminate any potential that the scientific understandings were 
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being masked by the participants inability to appropriately construct a concept map or accurately 

and completely reveal their understandings of buoyancy through the instrument. The interviews 

also allowed for them to note any discomfort or errors in the concept mapping process. As noted 

in Figure X, the interviews occurred after the pre- and post-concept maps were constructed and 

submitted. 

Figure 7. A flow chart representing the order in which the data were collected. 
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Pre- and Post- Concept Maps 

The researcher determined the frequency of total and valid propositions presented in each 

concept map. The process of outlining the propositions was done using the thematic analysis 

described by Bruan and Clark (2006) and included six steps: becoming familiar with the data, 

generating initial codes, searching for themes, reviewing themes, defining and naming themes, 

and producing the report. Details of each step will be provided in the Data Analysis portion of 

this chapter. 

Propositions were considered ‘valid’ if they reflected an understanding of the scientific 

concept of buoyancy and were presented consistent with the concept map structure and attributes 

presented to participants and outlined by Novak (2012). The final score for each concept map 

involved the count of accurate or correct propositions. Pre- and post-scores were analyzed using 

a two-tailed paired t-test in SPSS® 20.0 to determine if a statistically difference in mean scores 

was present as a result of the 5E Learning Cycle instructional intervention 

Midterm Examination Drawing Artifact 

The researcher reviewed each participant’s response to a particular question included in 

the common mid-term examination. Participants were asked the following question: “A metal 

boat is placed in a container or motor oil. Draw and label a picture that shows the forces acting 

on the boat.” Figure 8 provides an example of two drawings that were provided by two different 

participants. Participants were given space to provide the drawing and appropriate labels. The 

researcher was looking for accurate drawings that showed understanding of the concepts 

responsible for the positioning of the boat in the motor oil. As was used for the analysis portion 

of the concept maps, the thematic analysis process outlined by Braun and Clark (2006) was 
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employed to identify themes. Frequencies were analyzed using descriptive statistics in SPSS® 

20.0. 

Semi-structured Interviews 

Prior to scoring the concept maps, each student was interviewed. Using a semi-structured 

method, participants were asked to explain the information presented in each of their concept 

maps. This provided an opportunity for participants to explain the misconceptions and 

understandings present among the pieces of their concept maps. Participants were also asked 

questions about the structure of their concept map and how it incorporated the various details 

outlined by Novak (2010) and Moon (2011). In some instances, participants expressed confusion 

about the various components they drew in their concept maps which solidified their accurate 

understanding of buoyancy or further enhanced the evidence that misconceptions existed within 

their understanding. Each of the interviews was recorded and transcribed. The transcriptions 

were thematically coded using a consensus model and the thematic analysis process described by 

Braun and Clark (2006). Scientific conceptions and misconceptions drove the coding process. 

The researcher evaluated each transcript for information reflecting an understanding of the 

concept of buoyancy, in addition to any related concept (e.g., gravity and weight). Frequencies 

were analyzed using descriptive statistics in SPSS® 20.0. 
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Figure 8. An example of a midterm examination drawing provided by a participant. 

54. Draw a picture of a boat floating in water. Label the following

on your drawing: Buoyant force, gravity, water  displaced. 
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Data Analysis 

In order to maintain a database of the individual student record, participants’ scores and 

demographics were stored in a secure SPSS® software file. A total of 55 records were created:  

one for each of the participants. As the previous section explored each data component and how 

it will be used to support the discussion and conclusions, this section will explore the ways by 

which each research questions was addressed using the data collection method. 

Each research component was evaluated and used for a particular reason, as outlined in 

the previous section. Table 3 shows the specific method used to analyze the data collected. 

Table 3 

The research components and method of analysis 

Research component Method(s) of Analysis 

Pre-Concept Map (qualitative and 

quantitative) 

Thematic Analysis of concepts included 

Frequency analysis of concepts within propositions 

Post-Concept Map (qualitative and 

quantitative) 

Thematic Analysis of concepts included 

Frequency analysis of concepts within propositions 

Paired t-test of pre-concept map and post-concept 

map data 

Semi-structured interviews (qualitative 

and quantitative) 

Thematic analysis of concepts mentioned  

Frequency analysis of concepts mentioned 

Midterm Examination drawing 

(qualitative and quantitative) 

Thematic analysis of concepts included  

Frequency analysis of concepts included 
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Research Question 1: What conceptions do preservice teachers have about buoyancy? 

Analysis: Every participant created a pre-and post concept map with buoyancy as the central 

concept and completed a mid-term exam which requested writing and drawing artifacts about 

buoyancy. Participants were interviewed after all concept maps and midterm drawing artifacts 

were completed. 

The researcher employed a thematic analysis process, as outlined by Braun and Clark 

(2006), to review the data and establish themes. This process required six steps. The first step, 

familiarization with the data, required the researcher to review all of the transcripts and concept 

maps to gain a full overview of what data was presented. This permitted an understanding for 

how the information could be reviewed and allowed a timeline for review to be established. 

Generating initial codes was the second step and required the researcher to look for potential 

patterns that were related to the research questions and concepts. For this study, codes were used 

to determine scientific accuracy and inaccuracy/misconception. Also, codes were generated for 

the scientific concepts that were presented (e.g. density). The third step was a detailed review of 

the codes to establish the presence or absence of relevant patterns. The fourth step was a 

continuation of step 3 in that it reviewed the themes for connections and relationships among and 

between codes. Step 5 led to the concretization of themes that came in the form of foundational 

concepts and related concepts for this study. This thematic analysis permitted the creation of the 

reports and tables that are presented in subsequent sections. 

Using the aforementioned thematic analysis process to deduce themes, each data 

component was individually and collectively reviewed to triangulate and reveal understandings 

and misunderstandings of buoyancy. In addition to reviewing the concepts using the thematic 

analysis process, pre- and post- concept maps were individually evaluated using the conventions 
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set forth by Novak and Cañas (2008) to ensure the revealed information was consistent with 

research on cognitive structures and frameworks. Specifically, the themes or concepts were 

determined to be accurate or misconceptions based on the way they were integrated into the 

overall concept map. The evaluation determined the total number of scientific conceptions and 

misconceptions that were presented within the propositions on each individual concept map. The 

researcher also recorded the scientific concepts (e.g., density) included in the propositions for 

each concept maps in order to facilitate the frequency analysis of all concepts. The scientific 

conceptions and misconceptions were coded in SPSS® for a frequency analysis. This was done 

after the interviews occurred so participants could clarify their construction of the concept maps 

or midterm examination drawings and the content or concepts they provided within the concept 

maps and drawings. 

Research Question 2: How does an intervention within the 5E Learning Cycle influence 

preservice teachers’ conceptual understanding of buoyancy? 

Analysis: Using the scientific conceptions and misconceptions revealed by Research Question 1, 

data for each student was entered into SPSS® 20.0. 

Using a sum of the scientific conceptions in the pre- and post-concept maps, a two-tailed 

paired sample t-test was conducted to determine if a statistically significant difference was 

present between the pre- and post- concept maps. Cohen’s d statistic was used to calculate effect 

size. The null hypothesis was that the mean difference between the two concept maps was zero. 

The alpha value was set at 0.05. The next chapter will present the data and how it was used. 

Limitations 

1. This study was limited to participants enrolled in Science in Grades E-6 at a major public

research university that is located in the southwest. The university enrolls approximately 
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35,000 students each semester and offers 97 bachelors, 81 masters, and 35 doctoral 

degree programs. 

2. This study was also limited by the ability of the instructor to implement all aspects of the

study and provide accurate feedback within the areas of buoyancy, concept mapping, and 

pedagogy. Furthermore, the study does not control for the different ways by which the 

instructors of the Science in Grades E-6 course introduced the information or were 

prepared for each lesson. 

3. The topic of study and sample size limit the ability to generalize the data and conclusions

to other topics, subjects, and populations. 

4. The data collected includes only that which involves buoyancy. It does not control for

other lessons or curricula within the course. 

Informed Consent 

In compliance with declarations of the federal Office for Human Research Protections, all 

research protocols were submitted to the University Institutional Review Board prior to data 

collection or student involvement. All participants were given the option to remove themselves 

from any or all portions of the study at any time. There were no consequences for not being 

involved in the study. Student data was confidential and will be revealed anonymously in all 

current and future publications. Personal information and data points will not be distributed to 

any persons and will be stored in secure electronic filing systems. 
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CHAPTER 4 

RESULTS 

The purpose of this study was to identify the preservice teachers’ conceptual 

understandings of buoyancy. The study aimed to provide program evaluation data for 

improvement of an elementary teacher education program. This chapter reports the results from 

the aforementioned study of preservice teachers in a science methods course during the Fall of 

2012 at a large university in the southwestern section of the United States. It details their 

conceptual understandings of buoyancy before and after an instructional intervention framed by 

the 5E Learning Cycle. The chapter presents a detailed overview of the participant academic 

backgrounds, followed by the results from the analysis of concept map scores, midterm 

examination drawings, and interview. Participants in this study included 55 preservice teachers 

of early childhood programs through grade 6. There were 51 females and 4 males in the 

participant group. 

As noted in the previous chapter, and prior to the instructional intervention, all 

participants were provided an opportunity to show their understanding of buoyancy by 

constructing concept maps. The science method course instructors implemented a lesson on 

buoyancy that adhered to a common curriculum and pedagogical approach (see Appendix A). 

Instructors were well versed on concept mapping, the C-map concept mapping program 

(CMAP), the 5E Learning Cycle instructional intervention, and this study methodology. 

Participants were provided an opportunity to create a post-concept map immediately following 

the 5E Learning Cycle instructional intervention and were also assessed on a midterm 

examination drawing four weeks later. Finally, each participant was afforded the opportunity to 

explain his or her (concept maps and midterm examination drawing) artifacts in the format of a 
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semi-structured interview. This series of examinations and assessments provided the researcher 

with an effective means of triangulating the answers to the participants’ understandings. 

Furthermore, the analysis of the data answered the research questions that follow: 

1. What conceptions do preservice teachers have about buoyancy?

2. How does an intervention within the 5E Learning Cycle influence preservice teachers’

conceptual understanding of buoyancy? 

Analysis of Concept Maps 

The methodology for this study provided an overview of the conceptual understandings 

of buoyancy and evidence of conceptual change that occurred as a result of the 5E Learning 

Cycle instructional intervention. There were 65 initial participants in this study; however, ten 

participants were not included in the analysis because of a missing pre- or post-concept map. 

Any missing concept map would not have permitted a successful evaluation of conceptual 

change or conceptual understanding due to missing initial or final assessment of conceptual 

understanding. There were 55 complete pairs of pre- and post-concept maps analyzed for this 

purpose of this study. Samples of the pre- and post-concept maps can be found in Appendix C. 

The concepts necessary to understand and explain buoyancy were outlined by the 

researcher and used during the review and analysis of the concept maps. These topics were 

included in the 5E Learning Cycle instructional intervention (Appendix A) and supported by 

NGSS as elements to the concept of buoyancy. These following concepts were included: density, 

surface area, gravity, opposing forces, buoyant force, floating and sinking, volume, pressure, 

relative density, weight displacement, density of the object, density of the fluid, Archimedes 

principle, fluid properties, mass, and a balanced load. Referencing the academic backgrounds of 

the participants, these concepts would have been explored or introduced in the physics courses 
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that satisfied the prerequisites for the science methods course evaluated in this study. For the 

purpose of this study, the following concepts are considered “foundational” concepts because of 

their direct relationship to the formula needed to scientifically explain buoyancy: buoyant force, 

density of the fluid, volume of the fluid displaced by the object, gravity, weight, and mass. All 

other concepts that emerged were considered “related” concepts, as they could be cross-linked 

through various ways to buoyancy. 

Frequency analyses were performed on the pre- and post-concept maps to identify how 

often buoyancy and concepts were included in each of the respective concept maps. Prior to 

performing a frequency analysis, the method recommended by Braun and Clark (2006) was used 

to determine which themes and concepts were present within the concept maps. All concept 

maps were read without limitations to gather a full understanding of the data and concept 

mapping strategies were present in the concept maps. The concept maps were then individually 

read and the concepts presented were collapsed into categories based on the concept (e.g., 

density) and the accuracy. Only data relevant to the research questions were used in this step. 

After the information was broken down into initial codes, themes were developed. This was done 

by looking more closely at each concept map to determine if the smaller codes were better served 

if considered in an overarching theme. For example, if a misconception was noted within the 

density formula that was presented in a concept map, the code of “density formula” was merged 

with the overarching theme of “Density.” After creating the themes, it was essential to refer back 

to the research questions and the information presented in the concept maps to ensure the 

research questions were addressed and could be answered using the data presented. Once it was 

determined the data were appropriately evaluated, the themes were concretized and reviewed 

once more. This process, outlined by Braun and Clark (2006), provided a framework of 
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confidence that permitted subsequent analyses of frequency and, in the case of the post-concept 

maps, determination of significant change. 

In addition to the thematic analysis process described above, concept maps were analyzed 

using the conventions established by Novak and Cañas (2008). The results of these analyses are 

presented in Table 8 and Table 9. The frequency of the foundational and related concepts within 

the concept maps gave insight into the conceptual understandings of buoyancy before and after a 

5E Learning Cycle instructional intervention, in addition to permitting the evaluation of 

conceptual change resulting from the 5E Learning Cycle instructional intervention. Related 

concepts were included in every research component of this study because, as noted in the 

review of the literature, each of the concepts is fundamental to understanding the concept of 

buoyancy. For example, one cannot fully understand or explain buoyancy without grasping the 

influence gravity has on an object in a fluid. To that end, the frequency analyses include both the 

number of concept maps that included the foundational and related concepts and the number of 

concept maps that did not include the respective related concept. The degree to which concepts 

were not included supports the discussion and conclusion that there were incomplete 

understandings and gaps in the schema surrounding the scientific concept of buoyancy. 

Table 8 focuses on the pre-concept maps and provides a detailed evaluation of how the 

concepts were included in the concept maps. Moreover, it outlines if the concepts were included 

in a way that demonstrated a scientifically accurate understanding or a misconception. The 

individual frequency was divided by the total number of participants to report a percentage of 

participants with included concepts in each respective category. For example, the concept of 

gravity had a frequency of 3. The frequency was divided by the total number of participants (n = 

55) and multiplied by 100 to obtain the percentage value of 6%. As previously noted, the number
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of concept maps on which each of the foundational and related concepts was absent was 

considered. This information, as it related to the pre-concept maps, is included in the “Not 

Included” column of Table 8. From this information, one can see that density was not included 

on any of the pre-concept maps from this study. 

Although described in the previous chapter, it is important to reflect on the ways by 

which the propositions were considered to be accurate. Figure 9 provides a pre-concept map 

from this study that included four propositions that were not considered to be scientifically 

accurate by the researcher. The propositions were not considered to be accurate primarily due to 

the linking words. The linking words in this particular example do not reveal a complete 

understanding of the relationships between the concepts of buoyancy, volume, floating, or forces 

associated with buoyancy. Also, the ways by which the linkages are presented express a 

relationship that does not exist. For example, the proposition, “volume is l*w*h” implies that 

volume is an object or thing because it does not accurately define the relationship between the 

two concepts (volume and l*w*h), as presented in the concept map. This particular example also 

reveals a misconception in how the participant views the individual scientific concepts of length, 

width, and height. The mathematical expression for calculating volume is not a concept; 

however, the components of the expression are individual concepts that relate to buoyancy. Also 

in Figure 9, the proposition, “buoyancy deals with upward force on an object” did not reflect a 

meaningful definition or explanation of the way by which buoyancy is determined by the 

relationship between the buoyant force and the gravitational force on an object in a fluid. While 

there is evidence the participant knows there is a connection between the terms, the nature of 

science is such that any single scientific concept can be broadly connected with another (Driver, 

1996; Gilbert et al., 1982; Wee, 2012). One possible way this participant’s proposition would 
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have been considered scientifically accurate was if it was noted buoyancy is impacted by the 

upward force. 
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Table 8 

Frequencies and Percentages of Preservice Teachers Scientific conceptions and Misconceptions 

on Pre-Concept Maps for the concept of Buoyancy (n=55). 

Concept Type Concept 

Scientific 

conception Misconception Not Included 

Foundational Buoyant Force 9 (16%) 11 (20%) 35 (64%) 

Density of Fluid 2 (4%) 22 (40%) 31 (56%) 

Volume 0 (0%) 7 (13%) 48 (87%) 

Gravity 3 (6%) 2 (4%) 50 (91%) 

Mass 0 (0%) 13 (24%) 42 (76%) 

Weight 2 (4%) 8 (15%) 45 (82%) 

Displacement 1 (2%) 4 (7%) 50 (91%) 

Related Archimedes Principle 0 (0%) 1 (2%) 54 (98%) 

Balanced Load 0 (0%) 1 (2%) 53 (96%) 

Density 0 (0%) 0 (0%) 55 (100%) 

Density of Object 1 (2%) 27 (49%) 27 (49%) 

Floating and Sinking 4 (7%) 39 (71%) 12 (22%) 

Fluid Properties 2 (4%) 10 (18%) 43 (78%) 

Opposing Forces 2 (4%) 0 (0%) 53 (96%) 

Pressure 1 (2%) 1 (2%) 53 (96%) 

Relative Density 0 (0%) 1 (2%) 54 (98%) 

Surface Area 1 (2%) 2 (4%) 52 (95%) 
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Figure 9. A Pre-Concept map from the study that shows four propositions considered to be 

misconceptions by the researcher. 

Figure 10. A Pre-Concept map with accurate proposition. Buoyancy is the reason an object floats 

in water. 
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Figure 10 includes five incorrect propositions, and one scientifically accurate proposition 

per the scientific definition of buoyancy and employing Novakian (2010) concept mapping 

methods. The participant noted, “buoyancy is the reason an object floats in water.” This is a 

scientifically accurate statement of the relationship. 

Table 9 includes a similar analysis of the post-concept maps and the frequencies of 

inclusion for each of the concepts. Continuing with the concept of density, only one participant 

included density on their post-concept map, and it revealed a misconception about buoyancy. A 

similar mathematical formula was applied to calculating the percentages. For example, the 

frequency of buoyancy (1) was divided by the total number of participants (n=55) and multiplied 

by 100 to obtain the percentage value of 2%. As previously noted, the number of concept maps 

was considered, even when there were zero concepts were present and the percentage value 

would have been zero. This information, as it relates to the pre-concept maps, is included in the 

“Not Included” column of Table 9. From this information, one can see that all of the related 

concepts were at least included on each of the post-concept maps from this study. 
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Table 9 

Frequencies and Percentages of Preservice Teachers Conceptions and Misconceptions on Post-

Concept Maps for the concept of Buoyancy (n=55). 

Concept Type Included Concept 

Scientifically 

Correct Misconception Not Included 

Foundational Buoyant Force 20 (36%) 14 (26%) 21 (38%) 

Density of Fluid 2 (4%) 31 (56%) 22 (40%) 

Volume 0 (0%) 10 (18%) 45 (82%) 

Gravity 11 (20%) 12 (22%) 32 (58%) 

Mass 1 (2%) 14 (26%) 40 (73%) 

Weight 5 (9%) 13 (24%) 37 (67%) 

Displacement 3 (6%) 16 (29%) 36 (66%) 

Related Archimedes principle 2 (4%) 6 (11%) 47 (86%) 

Balanced Load 1 (2%) 2 (4%) 52 (95%) 

Density 0 (0%) 1 (2%) 54 (98%) 

Density of Object 2 (4%) 34 (62%) 19 (35%) 

Floating and Sinking 5 (9%) 27 (49%) 23 (42%) 

Fluid Properties 2 (4%) 4 (7%) 49 (89%) 

Opposing Forces 6 (11%) 0 (0%) 49 (89%) 

Pressure 2 (4%) 0 (0%) 53 (96%) 

Relative Density 1 (2%) 0 (0%) 54 (98%) 

Surface Area 6 (11%) 16 (29%) 33 (60%) 
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Figure 11 includes four correct and two incorrect propositions, per the scientific 

definitions of the related terms. The proposition, “Buoyancy can be observed – floating or 

sinking objects” was considered to be correct and contributed to the “Floating and Sinking” 

concept category in Table 9. The proposition, “Weight – which is dependent on – gravity” was 

also considered to be scientifically correct and contributed to the “weight” concept in Table 9. 

On the other hand, “Floating and sinking objects – objects more dense than water – sink” and 

“Floating and sinking objects – objects less dense than water – float” were considered to be in 

incorrect propositions. 

Figure 11. A Post-Concept map from the study that shows six propositions. Markings were done 

by the participant during the interview session. 
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In addition to isolated evaluations of each of the pre- and post-concept maps, the analyses 

were compared, in relation to the frequency each of the related concepts, to determine which 

concepts emerged in participants’ conceptual understanding of buoyancy. As noted, all 

participants experienced a 3-hour, 5E instructional intervention (see Appendix A) that included 

an explanation of the foundational and related concepts and how the concepts related to the 

understanding of buoyancy. While the pre-concept maps noted the scientific conceptions and 

misconceptions that each of the participants had about buoyancy  the post-concept maps revealed 

which scientific conceptions emerged after the instructional intervention, which of the initial 

misconceptions presented within the participants’ schema prior to the intervention were resolved, 

and which misconceptions remained. 

Table 10 presents the conceptions that were that were incorporated into the conceptual 

understanding framework of the participants as a result of the 5E Learning Cycle instructional 

intervention. For example, only three participants (5%) included surface area on their pre-

concept map. There were 22 participants who included surface area on their post concept map, 

showing a 35% increase in the concept of surface area. All of the concepts, with the exception of 

floating and sinking and fluid properties, increased in the frequency at which they appeared on 

concept maps as a result of the intervention. 
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Table 10 

Frequency analysis of the concepts included on pre- and post-concept maps. 

Concept Type Concept 

Included on Pre-

Concept Maps  

Included on Post-

Concept Maps Change 

Foundational Buoyant Force 20 (36%) 34 (62%) 14 (26%) 

Density of Fluid 24 (44%) 33 (60%) 9 (16%) 

Volume 7 (13%) 10 (18%) 3 (5%) 

Gravity 5 (9%) 23 (42%) 18 (33%) 

Mass 13 (24%) 15 (27%) 2 (3%) 

Weight 10 (18%) 18 (33%) 8 (15%) 

Density 0 (0%) 1 (2%) 1 (2%) 

Displacement 5 (9%) 19 (35%) 14 (25%) 

Related 
Archimedes 

principle 
1 (2%) 8 (15%) 7 (13%) 

Balanced Load 2 (4%) 3 (5%) 1 (1%) 

Density of Object 28 (51%) 36 (65%) 8 (14%) 

Floating and Sinking 43 (78%) 32 (58%) -11 (20%) 

Fluid Properties 12 (22%) 6 (11%) -6 (11%) 

Opposing Forces 2 (3%) 6 (11%) 4 (7%) 

Pressure 2 (4%) 2 (4%) No change 

Relative Density 1 (2%) 1 (2%) No change 

Surface Area 3 (5%) 22 (40%) 19 (35%) 

Note.  Includes scientifically correct representations and those reflective of a misconception. 
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A comparison between the scientifically correct conceptions and misconceptions that 

were included in participants’ pre- and post-concept maps is shown in Table 11 which  shows the 

changes observed between the concept maps. For example, an increase of eight participants 

(14% of participants) who included gravity in their post-concept maps was observed - only three 

participants (2% of participants) correctly included gravity in the pre-concept maps and 11 

participants (20% of participants) correctly included gravity in the post-concept maps. Likewise, 

a change in 12 participants (22% of participants) was observed between the concept maps for 

floating and sinking. Thirty-nine participants (71%) included floating and sinking in their pre-

concept maps in a way that reflected a misconception and this was reduced to 27 participants 

(49%) in the post-concept maps. 
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Table 11 

Frequency analysis of the scientifically correct and concept misconceptions on pre- and post-concept maps. 

Scientifically Correct Misconceptions 

Concept Type Concept 

Pre-Concept 

Maps 

Post-Concept 

Maps Change 

Pre-Concept 

Maps 

Post-Concept 

Maps Change 

Foundational Buoyant Force 9 (16%) 20 (36%) 11 (20%) 11 (20%) 14 (26%) 3 (6%) 

Density of Fluid 2 (4%) 2 (4%) -- 22 (40%) 31 (56%) 9 (16%) 

Volume 0 (0%) 0 (0%) -- 7 (13%) 10 (18%) 3 (5%) 

Gravity 3 (6%) 11 (20%) 8 (14%) 2 (4%) 12 (22%) 10 (18%) 

Mass 0 (0%) 1 (2%) 1 (2%) 13 (24%) 14 (26%) 1 (2%) 

Weight 2 (4%) 5 (9%) 3 (5%) 8 (15%) 13 (24%) 5 (9%) 

Displacement 1 (2%) 3 (6%) 2 (4%) 4 (7%) 16 (29%) 12 (22%) 

Related Archimedes principle 0 (0%) 2 (4%) 2 (4%) 1 (2%) 6 (11%) 5 (9%) 

Balanced Load 0 (0%) 1 (2%) 1 (2%) 1 (2%) 2 (4%) 1 (2%) 

Density 0 (0%) 0 (0%) -- 0 (0%) 1 (2%) 1 (2%) 

Density of Object 1 (2%) 2 (4%) 1 (2%) 27 (49%) 34 (62%) 7 (13%) 

Floating and Sinking 4 (7%) 5 (9%) 1 (2%) 39 (71%) 27 (49%) -12 (22%) 

Fluid Properties 2 (4%) 2 (4%) -- 10 (18%) 4 (7%) -6 (11%) 

Opposing Forces 2 (4%) 6 (11%) 4 (7%) 0 (0%) 0 (0%) -- 

Pressure 1 (2%) 2 (4%) 1 (2%) 1 (2%) 0 (0%) -1 (2%) 

Relative Density 0 (0%) 1 (2%) 1 (2%) 1 (2%) 0 (0%) -1 (2%) 

Surface Area 1 (2%) 6 (11%) 5 (9%) 2 (4%) 16 (29%) 14 (25%) 
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To further evaluate if significant change occurred between the various aspects of the pre- 

and post-concept analysis, several pair sample t-tests were performed. First, a paired sample t-

test was conducted to compare the total number of propositions in the pre-concept and post-

concept maps. The accuracy of the propositions was not considered. That is all linked concepts 

were considered and counted. There was a statistically significant difference (t = -6.144, p < 

.001) in the total number of concepts on the pre-concept maps (M = 3.218, SD = 1.343) and post-

concept maps (M = 4.891, SD = 1.902). The Cohen’s d effect size was large at .83 (Cohen, 

1988).  Thus, there was a statistically significant change in the number of propositions. As 

evident from the means for each of the concept maps, the number of propositions increased 

between the pre- and post-concept maps. 

A paired sample t-test was also conducted to compare the number of scientifically correct 

propositions in the pre- and post-concept maps. There was a statistically significant difference (t 

= -3.504, p = .001) in the total number of scientifically correct concepts for the pre-concept maps 

(M = 0.51, SD = .879) and post-concept maps (M = 1.25, SD =  1.542). The Cohen’s d effect 

size was small at .47. Similar to the total number of propositions, the number of accurate 

propositions increased between the pre- and post-concept maps. 

Finally, a paired sample t-test was conducted to compare the number of misconceptions 

in the pre- and post-concept maps. There was a statistically significant difference (t =  -3.160, p 

= .003) in the total number of misconceptions for the pre-concept maps (M = 2.709, SD = 1.449) 

and post-concept maps (M = 3.363, SD = 2.094). The Cohen’s d effect size was small at .43. The 

means of the pre- and post-concept maps show that the number of propositions reflecting a 

misconception increased after the 5E Learning Cycle instructional intervention. 
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The statistically significant changes do not reveal causality but do show that a change 

occurred in the ways the participants associated various concepts surrounding buoyancy. The 

results of the pair sample t tests support the following statements: 

1. Overall, when compared to the pre-concept maps, participants increased their

association between related concepts of buoyancy and the concept of 

buoyancy on concept maps created after the 5E Learning Cycle instructional 

intervention. 

2. Overall, when compared to pre-concept maps, participants increased their

accuracy in associating related concepts and buoyancy on concept maps 

created after the 5E Learning Cycle instructional intervention. 

3. When compared to pre-concept maps, there was an overall increase in the

number of misconceptions present within the conceptual frameworks of the 

participants, as they relate to buoyancy, was evidenced in concept maps 

created after the 5E Learning Cycle instructional intervention 
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Table 12 

Paired Samples t Test: Comparison of Means of Scientifically Correct Propositions, 

Propositions with Misconceptions, and total Propositions in Concept Map for the Concept of 

Buoyancy. 

n M SD t p 

Scientifically Correct -3.504  .001 

Pre-Concept Maps 55 0.51 .879 

Post-Concept Maps 55 1.25 1.542 

Misconceptions -3.160 .003 

Pre-Concept Maps 55 2.709 1.449 

Post-Concept Maps 55 3.363 2.094 

Total Included -6.144 < .001 

Pre-Concept Maps 55 3.218 1.343 

Post-Concept Maps 55 4.891 1.902 
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Results from Midterm Examination Drawings 

Drawing artifacts from the midterm examinations were used to evaluate the participants’ 

ability to visually represent the concept of buoyancy when given a prompt. These artifacts were 

completed by participants after the pre- and post-concept maps were collected and, thus, after the 

5E instructional intervention. As noted in the previous section, the exam question asked the 

participants to draw a picture that included a boat, a fluid (oil or water), and any forces that 

would be acting on the boat. Participants were also asked to include arrows that showed the 

direction of any forces acting on the boat and fluid. 

The examination of the drawings referenced the same related concepts that were used in 

the concept map analysis. Prior to performing a frequency analysis on the concepts that were 

included in the drawing artifacts, a thematic analysis was performed (Braun and Clark, 2006). 

All drawings were reviewed without limitations to gather a full understanding of the ways by 

which participants answered the question and drew or labeled the requested concepts. The 

individual drawings were then individually reviewed and, as was done for the concepts maps in 

the previous sections, the requested concepts and how they were presented were collapsed into 

categories based on the concept (e.g., force) and the accuracy. Only data relevant to the research 

questions and the midterm question were used in this step. Themes were developed from the 

initial codes. For example, if a misconception was noted about the direction of a force arrow (e.g. 

gravity), the code of “gravity direction” was merged with the overarching theme of “gravity.” 

After creating the themes, the research questions were referenced in light of the information 

presented to ensure the data was relevant to the questions. Overarching themes were then 

formalized and reviewed once more. Once again, this process, outlined by Braun and Clark 

(2006), provided a framework of confidence that permitted subsequent analyses of frequency. 
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 Figure 12 shows an instructor teaching about forces which act on a boat in a fluid. This 

particular portion of the lesson plan was done before the students participated in the Explore and 

Explain stages of the 5E Learning Cycle instructional intervention (see Appendix A). It shows 

that there was a component to the lesson that specifically focused on an object floating and 

sinking in a fluid and should have prepared the students for the midterm examination drawing. 

Figure 12. A photograph of an instructor showing the forces acting on a boat. 
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Table 13 shows how each of the related concepts was included in the midterm 

examination drawings by participants. There was a wide variety in how the concepts were used, 

if at all, in the drawings. It is worth noting that concepts were only included in the frequency 

analysis if they were specifically labeled as such. Moreover, they were not included if they could 

be inferred from the drawing, but not explored. For example, “Opposing Forces” was not 

counted if arrows representing forces were included but not directly opposed to each other in the 

drawing. It would be included if the participant wrote the words “Opposing Forces” or 

something similar or drew arrows that directly opposed each other. 

The midterm examination drawings revealed that a majority of participants (66%) had 

misconceptions about how gravity is related to buoyancy and how it impacts the ability of an 

object to float in a fluid. Misconceptions were also present in related concepts such as weight 

(9%), mass (7%), and buoyant force (29%) – all concepts that play an important role in a boats 

ability to float or sink in a fluid. A majority of participants (60%) did include buoyant force in a 

way that was coded as conceptually accurate. It is also important to note the number of related 

concepts that were not part of the participants’ drawings at all, including: opposing forces, 

floating and sinking, relative density, Archimedes principle, fluid properties, and balanced load. 

This is potentially due to the midterm examination drawing question and the focus that it had on 

the forces that were acting on the boat and not the inability for the participant to connect the 

related concept to buoyancy. This research component was included as a way to triangulate 

understandings of buoyancy and some of the related concepts were not necessary to accurately 

answer the question on the midterm examination. It did, however, provide an opportunity for the 

researcher to gain more insight into the misconceptions about the concepts that should be 

included in the drawing, namely gravity and buoyant force. 
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Table 13 

Frequencies and Percentages for Preservice Teachers’ Conceptually Accurate and Misconceptions in Drawing and Writing Artifact 

for Buoyancy on Midterm examination drawing (n=55).  

Scientifically Accurate Misconception Not Included 

Concept Type Concept n % of n n % of n n % of n 

Foundational Buoyant Force 33 60 16 29 6 11 

Density of Fluid 0 0 1 2 54 98 

Volume 0 0 1 2 54 98 

Gravity 16 29 36 66 3 6 

Mass 0 0 4 7 51 93 

Weight 2 4 5 9 48 87 

Displacement 1 2 2 4 52 95 

Related Air/Wind* 0 0 3 6 52 95 

Archimedes Principle 0 0 0 0 55 100 

Balanced Load 0 0 0 0 55 100 

Density 0 0 1 2 54 98 

Density of Object 0 0 2 4 53 96 

Floating and Sinking 0 0 0 0 55 100 

Fluid Properties 0 0 0 0 55 100 

Inertia* 0 0 1 2 54 98 

Opposing Forces 0 0 0 0 55 100 

Pressure* 0 0 1 2 54 98 

Relative Density 0 0 0 0 55 100 

Shape of Object* 0 0 1 2 54 98 

Surface Area 2 4 1 2 52 95 

Upward Force/s 2 4 2 4 51 93 

Water Level* 1 2 1 2 53 96 

Total 57 -- 76 -- -- -- 

*concepts that emerged from participants only in this research component
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Results from Interviews 

Interviews were conducted following the construction of the pre-concept maps, post-

concept maps, and the midterm examination drawings. Conducted in a semi-structured style, as 

noted in the previous chapter, the interviews played a key role in the triangulation process by 

supporting or identifying scientific conceptions or misconceptions presented in the concept maps 

or drawings (Cohn, Manion, & Morrison, 2000; Glesne, 1992). Interview responses were 

transcribed and thematically coded for concepts that related to buoyancy. Concepts were then 

classified as being representative of a misconception or scientific conception before being 

analyzed for frequencies using IBM SPSS® 20.0. 

Participants were not given concepts as part of the interview questioning process, rather, 

they were asked to explain what they drew or wrote about. This provided an opportunity to gain 

unbiased insight into their understandings and the ways by which they incorporated each related 

term into their schema. Related concepts, as identified in the concept maps and midterm 

examination drawing, were only included in Table 14 or Table 15 if they revealed themselves in 

the interview. 

Table 14 shows the frequency analysis for misconceptions exposed in the interviews. 

Major misconceptions revealed in the interviews were: gravity (47% of participants), mass (42% 

of participants), and weight (35% of participants). Table 14 also includes examples of what 

participants stated regarding the concept that classified it as a misconception. For example, one 

of the participants stated that the, “liquid didn’t matter” when discussing the buoyant force on the 

concept map. This is a misconception because, as noted in the literature review, fluids are 

extremely important in the determination of buoyant force. Furthermore, the density of the fluid 

(liquid or gas) will determine the ability of an object to float or sink.
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Table 14 

Preservice Teachers’ Misconceptions Surrounding Buoyancy in Interviews about their Pre-concept maps, Post-concept maps, and 

Writing and Drawing Artifacts (n=55). 

Concept Type Concept n % of n 

% of 

participants Participant quotes 

Foundational Buoyant Force 9 4 16 “buoyant force is pushing up from the water” 

Density of the fluid 1 0 2 “density doesn’t really factor in” 

“[oil] goes to the bottom, ‘cause (sic) the water doesn’t 

have a good buoyant force.” 

Volume 9 4 16 “the amount of volume is going to effect the buoyancy 

of the object.” 

Gravity 26 12 47 “the weight of gravity…” 

Mass 23 11 42 “buoyancy depends on the mass of the object” 

Weight 19 9 35 “the weight of the object is coming down…“ 

“buoyancy equals the weight of the displaced fluid” 

“how the particles inside an object are packed together” 

Displacement 7 3 13 

Related Archimedes Principle 6 3 11 “The object and the weight pushing down on the water 

displaced is how you get buoyant force.” 

Buoyancy 11 5 20 “buoyancy contributes weight…” 

Buoyancy as a property* 12 6 22 “some [objects] float related to how much buoyancy 

they have” 

Buoyancy as a thing* 8 4 15 “…find out how much buoyancy is in there” 

Buoyancy as an action* 2 1 4 

Density 16 7 29 “floating and sinking…these two determine density” 

Equality* 3 1 5 “there is an equality of forces” 

“gravity would be working against it on all sides in an 

equal relationship.” 

Floating 10 5 18 

Fluid 3 1 5 “I guess maybe the liquid didn’t matter…” 
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Table 14 (cont’d) 

Concept Type Concept n % of n 

% of 

participants Participant quotes 

Forces 4 2 7 “force is liquid or solid” 

Height* 1 0 2 “the weight and height … contribute to find the 

buoyancy of the object.” 

Nonsensical* 16 7 29 “there is a correlation between objects floating and the 

buoyant force” 

Opposing forces 1 0 2 

Pressure 1 0 2 “buoyancy is like the water pressure” 

Properties of the object 11 5 20 

Shape of the object* 4 2 7 

Surface area of object 9 4 16 

Water* 3 1 5 “water doesn’t have a good buoyant force” 

Total 215 100 -- 

*Concepts that emerged from participants on this research component
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Table 15 shows the scientific conceptions revealed in the interviews. The most frequently 

observed scientific conceptions were opposing forces (53% of participants) and the surface area 

of the object (33% of participants). Similar to Table 14, examples of the accurate statements are 

included for reference. For example, one participant supported their understanding of the 

opposing force concept by stating that “gravity is pulling down and the buoyant force is pushing 

up.” This is accurate, per the scientific definition of buoyant force as visualized in Figure 1. 
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Table 15 

Preservice Teachers’ Scientific conceptions Surrounding Buoyancy in Interviews about their Pre-concept maps, Post-concept maps, 

and Writing and Drawing Artifacts (n=55). 

Concept Type Concept n % of n % of 

participants 

Participant quotations 

Foundational Buoyant Force 7 6 13 When floating, “buoyant force is equal 

to the force of gravity.” 

Density of the fluid 7 6 13 “density doesn’t change…[it] stays the 

same no matter how much water you 

have” 

Gravity 14 12 25 “the force of gravity pulling it towards 

the earth” 

Mass 2 2 4 “mass doesn’t take into account 

gravity” 

Weight 3 3 5 “weight is mass and gravity” 

Displacement of fluid 4 4 7 “the amount of water displaced equals 

the weight of the object” 

Related Balance of object’s load 11 10 20 “distribute the weight evenly in the 

boat” 

“more spread out [pennies] are…” 

Density 1 1 2 “density is mass divided by volume” 

Density of the object 1 1 2 “how compact the atoms are inside of 

the object” 

Float and sink 5 4 9 “gravity pulls [boat] down and the 

buoyant force pushes [boat] upwards” 

Fluid 5 4 9 “could be liquids, gases, and fluids” 

Opposing forces 29 26 53 “gravity is pulling down and the 

buoyant force is pushing up” 
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Concept Type Concept n % of n % of 

participants 

Participant quotations 

Relative density 5 4 9 “objects that are less dense than water 

will float” 

Shape 1 1 2 “shape of the object [boat]” was 

responsible for floating/sinking 

Surface area of object 18 16 33 “surface area can effect whether an 

object is buoyant or not” 

“make the surface area bigger [helps 

objects float]” 

Total 113 100 -- 
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Conceptual Development 

According to the data, some formation or modification to the participant’s schema was 

occurring throughout the duration of this study and as a result of the 5E Learning Cycle 

instructional intervention. Table 16 does not detail how the concepts were included – accurately 

or as a misconception – but does expose the prior knowledge, as it related to buoyancy, and 

which of the related concepts were connected to buoyancy at various points in the study. More 

specifically, it reveals which concepts were present within the conceptual frameworks of the 

participants before the 5E Learning Cycle instructional intervention (pre-concept maps) and after 

the 5E Learning Cycle instructional intervention (post-concept maps, mid-term exam drawings, 

and interviews). Thus, from the data, one can see that several of the related concepts increased in 

their frequency during the study (e.g., gravity between pre-concept maps and the drawings). One 

can also observe that some of the related concepts decreased between components (e.g., fluid 

properties between the pre-concept maps and post-concept maps). 
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Table 16 

A frequency analysis of the concepts related to buoyancy and how they were revealed in each of the research components. 

Pre-Concept Maps Post-Concept Maps Drawings Interviews 

Concept Type Concept # % of n # % of n # % of n # % of n 

Foundational Buoyant Force 20 36 34 62 49 89 16 29 

Density of Fluid 24 44 33 60 1 2 8 15 

Gravity 5 9 23 42 52 95 40 73 

Mass 13 24 15 27 4 7 25 45 

Weight 10 18 18 33 7 13 22 40 

Displacement 5 9 19 35 3 5 11 20 

Related Air/Wind 0 0 0 0 3 5 0 0 

Archimedes principle 1 2 8 15 0 0 6 11 

Balanced Load 1 2 3 5 0 0 11 20 

Buoyancy 0 0 0 0 0 0 11 20 

Buoyancy as a property 0 0 0 0 0 0 12 22 

Buoyancy as a thing 0 0 0 0 0 0 8 15 

Buoyancy as an action 0 0 0 0 0 0 2 4 

Density 0 0 1 2 1 2 17 31 

Density of Object 28 51 36 65 2 4 1 2 

Equality 0 0 0 0 0 0 3 5 

Floating and Sinking 43 78 32 58 0 0 15 27 

Fluid 0 0 0 0 0 0 8 15 

Fluid Properties 12 22 6 11 0 0 0 0 

Forces 0 0 0 0 0 0 4 7 

Height 0 0 0 0 0 0 1 2 

Inertia 0 0 0 0 1 2 0 0 

Nonsensical 0 0 0 0 0 0 16 29 

Opposing Forces 2 4 6 11 0 0 0 0 

Opposing Forces 0 0 0 0 0 0 30 55 

Pressure 2 4 2 4 1 2 1 2 

Properties of the object 0 0 0 0 0 0 11 20 
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Pre-Concept Maps Post-Concept Maps Drawings Interviews 

Concept Type Concept # % of n # % of n # % of n # % of n 

Relative Density 1 2 1 2 0 0 5 9 

Shape of Object 0 0 0 0 1 2 5 9 

Surface Area 3 5 22 40 3 5 27 49 

Upward Force/s 0 0 0 0 4 7 0 0 

Volume 7 13 10 18 1 2 9 16 

Water Level 0 0 0 0 2 4 3 5 

Total 177 - 269 - 135 - 328 - 
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As evidenced by the statistically significant increase of related concepts included 

between the pre- and post-concept maps ( t= -6.144, p < .001), the participants appeared to be 

beginning to decide where to assimilate the related concepts, as they relate to buoyancy and other 

associated concepts (e.g., density). Moreover, they revealed tentative understandings of the 

relationship between various scientific concepts. As the number of total related concepts 

increased between the pre- and post- concept maps, a significantly significant increase occurred 

in regards to the number of misconceptions included on the concept maps (t = -3.160, p = .003). 

This supports the notion that they were beginning to learn that various concepts were related; 

however, they were not completely confident or aware of the ways by which they were actually 

related. For example, they would one participant added density to their post concept map but did 

not accurately connect it to buoyant force. 

There was also a statistically significant change in the number of scientific conceptions 

included in the post-concept maps, so there is evidence that some understandings are beginning 

to develop and concepts are being connected. While important to note the significance of the 

change, it is also worth noting that the number of scientific conceptions in the post-concept maps 

(M = 1.25, SD = 1.542) was less than the number of misconceptions on the same post-concept 

maps (M = 3.363, SD = 2.094).  As noted in the previous chapters, the 5E Learning Cycle has 

been shown to be an effective pedagogical tool in classrooms seeking to develop understandings 

(Bybee, et al, 2006).  More research into the acquisition of knowledge and repetition would assist 

in addressing this question. 

Summary 

After reviewing the data from all of the concept maps, interviews, and midterms, it was 

evident that the participants included in this study did not have a solid grasp of the concept of 
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buoyancy before the 5E Learning Cycle instructional intervention. While the lack of 

understanding was less severe after to the intervention, serious gaps remained in their 

understandings after the intervention and after time passed between the 5E Learning Cycle 

instructional intervention and the midterm examination drawing and interview. As observed in 

the post-concept maps, participants included more related concepts in their vocabulary but 

exhibited a gap between the scientific definition of buoyancy and their explanations and 

assimilations. When asked to explain buoyancy in the interviews and concept maps, many of the 

participants resorted to only talking about floating and sinking in a liquid fluid. 
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Table 17 

Summary of Data Frequencies for Preservice Teachers’ Accurate Understandings of Buoyancy and Related Concepts (n=55). 

Pre-Concept Maps Post-Concept Maps Drawings Interviews 

Concept # 

% of 

participants # 

% of 

participants # 

% of 

participants # 

% of 

participants 

Density - - - - - - 1 2 

Surface Area 1 2 6 11 2 4 18 33 

Gravity 3 6 11 20 16 29 14 25 

Opposing Forces 2 4 6 11 - - - - 

Buoyant Force 9 16 20 36 33 60 7 13 

Floating and Sinking 4 7 5 9 - - 5 9 

Volume - - - - - - - - 

Pressure 1 2 2 4 - - - - 

Relative Density - - 1 2 - - 5 9 

Weight 2 4 5 9 2 4 3 5 

Displacement 1 2 3 6 1 2 4 7 

Density of Fluid 2 4 2 4 - - 7 13 

Density of Object 1 2 2 4 - - 1 2 

Archimedes principle - - 2 4 - - - - 

Fluid Properties 2 4 2 4 - - - - 

Mass - - 1 2 - - 2 4 

Balanced Load - - 1 2 - - 11 20 

Shape of Object - - - - - - 1 2 

Air/Wind - - - - - - - - 

Water Level - - - - 1 2 - - 

Upward Force/s - - - - 2 4 - - 

Inertia - - - - - - - - 

Opposing Forces - - - - - - 29 53 

Fluid - - - - - - 5 9 

Forces - - - - - - - - 

Equality - - - - - - - - 

Buoyancy - - - - - - - - 

Height - - - - - - - - 

Buoyancy as a thing - - - - - - - - 

Buoyancy as a property - - - - - - - - 

Buoyancy as an action - - - - - - - - 

Nonsensical - - - - - - - - 

Properties of the object - - - - - - - - 
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Table 18 

Summary of Data Frequencies for Preservice Teachers’ Misconceptions of Buoyancy and Related Concepts (n=55). 

Pre-Concept Maps Post-Concept Maps Drawings Interviews 

Concept # 

% of 

participants # 

% of 

participants # 

% of 

participants # 

% of 

participants 

Density - - 1 2 1 2 16 29 

Surface Area 2 4 16 29 1 2 9 16 

Gravity 2 4 12 22 36 66 26 47 

Opposing Forces - - - - - - - - 

Buoyant Force 11 20 14 26 16 29 9 16 

Floating and Sinking 39 71 27 49 - - 10 18 

Volume 7 13 10 18 1 2 9 16 

Pressure 1 2 - - 1 2 1 2 

Relative Density 1 2 - - - - - - 

Weight 8 15 13 24 5 9 19 35 

Displacement 4 7 16 29 2 4 7 13 

Density of Fluid 22 40 31 56 1 2 1 2 

Density of Object 27 49 34 62 2 4 - - 

Archimedes principle 1 2 6 11 - - 6 11 

Fluid Properties 10 18 4 7 - - - - 

Mass 13 24 14 26 4 7 23 42 

Balanced Load 1 2 2 4 - - - - 

Shape of Object - - - - 1 2 4 7 

Air/Wind - - - - 3 6 - - 

Water Level - - - - 1 2 3 5 

Upward Force/s - - - - 2 4 - - 

Inertia - - - - 1 2 - - 

Opposing Forces - - - - - - 1 2 

Fluid - - - - - - 3 5 

Forces - - - - - - 4 7 

Equality - - - - - - 3 5 

Buoyancy - - - - - - 11 20 

Height - - - - - - 1 2 

Buoyancy as a thing - - - - - - 8 15 

Buoyancy as a property - - - - - - 12 22 

Buoyancy as an action - - - - - - 2 4 

Nonsensical - - - - - - 16 29 

Properties of the object - - - - - - 11 20 
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Figure 13. A summary of the percentage of participants who included the labeled concepts in each of the research components. These 

concepts were included on all components. 
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Figure 14. The best fit linear trend lines for each of the related concepts that were included on all 

of the research data components. 
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

This study used the learning theory of Ausubel (1963) to frame the ways by which the 

researcher understood learning and how knowledge is integrated into prior knowledge and 

experiences. To that end, the study focused on identifying prior knowledge and the ways by 

which meaningful learning influences or modifies cognitive structures of the participants. More 

specifically, this study assessed the cognitive structures present within participants, as they 

related to the scientific concept of buoyancy, before and after a 5E Learning Cycle instructional 

intervention. The discussion and conclusions provided in this chapter will offer a well-supported 

reflection of the scientific concepts understood by participants and the misconceptions that 

accompanied those understandings. It also explored the concept of conceptual change and how a 

particular 5E Learning Cycle instructional intervention impacted the conceptual understandings 

of the participants. 

The data provided from the concept maps, interviews, and midterm examination 

drawings in this study successfully triangulated conceptual understandings about buoyancy from 

the preservice elementary teachers who served as participants in this study. The findings revealed 

that the participating preservice teachers did not have a complete understanding of the scientific 

concept of buoyancy or the related concepts before or after a 5E Learning Cycle instructional 

intervention. A complete or robust understanding of the concepts would have enabled an 

individual to be able to provide accurate information on each of the artifacts included in this 

study – this did not occur for any of the participants. Using the language of Ausubel (1963), the 

cognitive structures of the participants did not appear to include thorough or accurate 

assimilations of the related scientific concepts necessary to fully explain buoyancy (e.g. gravity 
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and density). Furthermore, the experiences the participants had prior to this study were not 

meaningful learning experiences because the participants were not well versed on the concepts 

and how they related to each other or explained the natural world. The 5E Learning Cycle 

instructional intervention was successful in providing learning experiences that facilitated a 

statistically significant increase (t = -6.144, p < .001) in the number of related scientific concepts 

that preservice teachers associated with buoyancy between the pre- and post-concept map 

opportunities (M = 3.218, SD = 1.343 and M = 4.891, SD = 1.902, respectively). While 

statistically significant, the effect size was small, and this increase was not substantial when 

considering the baseline for the participants. Moreover, there were serious gaps in the 

understandings and, despite the increase, major gaps remained in the conceptual frameworks 

after the 5E Learning Cycle instructional intervention. This information should guide an 

investigation into the development of individuals’ cognitive structures related to buoyancy, and 

how understandings are formed through the educational process and 5E Learning Cycle 

instructional interventions. 

The inadequacies in conceptual understandings mentioned in this chapter, as they related 

to buoyancy, were not a direct reflection of the ability or inability of the 5E Learning Cycle 

instructional intervention to create a meaningful learning experience. Rather, the inadequacies 

were reflective of the ways by which development of understandings occurs before, during, and 

after preschool explorations of floating and sinking. This information will be discussed further as 

it relates to the each of the research questions. 

The primary data components that were used to support the conclusions and answer the 

research questions included the pre-concept maps and post-concept maps. As noted by Novak 

(2010), the concept map is equally as effective in soliciting understandings as interviews. The 
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insights and data obtained from the midterm examination drawings and interviews will be used 

to support the information presented by the concept mapping exercises. 

Discussion 

Research Question 1 - What conceptions do preservice teachers have about buoyancy? 

The data collection method used to address this research question was structured and 

executed in a way that facilitated a comprehensive triangulation of understandings of the concept 

of buoyancy and all related concepts within the conceptual frameworks of the participants. The 

data components used in addressing the research question were pre-concept maps, post-concept 

maps, midterm examination drawings, and semi-structured interviews. The data analysis of the 

aforementioned data components provided the researcher insights into how participants 

presented buoyancy in the individually and collectively, in terms of it being accurate or evidence 

of a misconception. To that point, the research question was answered in two different ways: (1) 

identifying the concepts present within the participants’ conceptual frameworks at various times 

of the study and within each of the research components, and (2) evaluating each of the concepts 

included in the research components as being scientific conceptions or misconceptions. 

To identify the concepts necessary to demonstrate a complete understanding of buoyancy 

and each of the research components, each component was analyzed for the presence or absence 

of buoyancy and each of the related concepts noted in the literature review as being essential to 

understanding buoyancy. These concepts included the following: Density, Surface Area, Gravity, 

Opposing Forces, Buoyant Force, Floating and Sinking, Volume, Pressure, Relative Density, 

Weight, Displacement, Density of Fluid, Density of Object, Archimedes principle, Fluid 

Properties, Mass, Balanced Load, Shape of Object, Air/Wind, Water Level, Upward Force/s, 
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Inertia, Fluid, Forces, Equality, Buoyancy, Height, Buoyancy as a thing, Buoyancy as a property, 

Buoyancy as an action, and Properties of the object. 

The data revealed that preservice teachers have understandings of buoyancy that align 

with those in preschool and elementary age children (Kohn, 1993; Rappolt-Schlichtmann et al., 

2007; Halford, Brown & Thompson, 1986; Hsin and Wu, 2011; Biddulph and Osborne, 1983; 

Grimellini Tomasini et al., 1990; Yin et al., 2008). This was supported by the frequency analysis 

for the data components in Table 16. The columns are ordered chronologically across the header 

of the table: the pre-concept maps were conducted before the post-concept maps, drawings, and 

interviews. The prior knowledge of the preservice teachers and those understandings which was 

acquired during the 5E Learning Cycle instructional intervention, as evidenced by the analysis of 

the data components, compared to the challenges preschoolers have with understanding weight 

and volume (Kohn, 1993), mass and weight (Rappolt-Schlichtmann et al., 2007), properties of 

matter (Au, 1994), and general scientific concepts (Grimmellini Tomasini et al., 1990; Biddulph 

and Osborne, 1983; Yin et al., 2008). Furthermore, the preservice teachers engaged several 

misconceptions that were present in middle school students, as described by Yin et al. (2008). In 

particular, one participant noted that the height of the object was related to an objects ability to 

float. Per the definition of buoyancy and the science that supports an objects ability to float or 

sink, the height of the object is not directly related or impactful. 

When compared to the sum of all concepts included on the participant pre-concept maps, 

there was an increase of 92 concepts included in the post-concept maps. This increase suggests 

that the 5E Learning Cycle instructional intervention was successful in providing new 

connections or reminding participants of connections they learned or experienced prior to the 

study. As noted by the C-map concept map format used in this study, conclusions about 
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conceptual frameworks can be drawn from the ways by which people connect concepts and 

linking words in concept maps. One possible scenario that led to the increased number of 

concepts included in a post-concept map for a particular preservice teacher was an individual 

recalling a concept or connection from a prior experience as a result of the 5E Learning Cycle 

instructional intervention. For example, if a participant experienced a lesson during their high 

school curriculum or perquisite coursework that included the relationships between buoyancy, 

floating, sinking, and density but the participant did not recall it during the pre-concept map, the 

connection could have been reconfirmed during the 5E Learning Cycle instructional intervention 

and reflected in the post-concept map. The 5E Learning Cycle instructional intervention, as 

visually observed by the researcher, included a discussion about the connection between these 

terms. The intervention might have provided an opportunity to recall prior knowledge and 

reconnect concepts in a way that reflected accuracy or a misconception in the post-concept map. 

Additionally, it is possible that the 5E Learning Cycle instructional intervention provided new 

connections and concepts that were not explored in prior experiences. Each of the participants 

had different experiences with the concept of buoyancy prior to the study and, despite the NGSS 

and prerequisite coursework, there was no part of this study that explored how each of the prior 

experiences impacted each individual. Furthermore, situations could have occurred during the 

prerequisite course, such as an individual being absent from coursework that covered the related 

concepts. This would be evidenced by a detailed evaluation of individual participants and their 

responses to each of the research components. 

Several of the related concepts provided by the participants were not present in any part 

of the literature review or, per the scientific definitions, directly connect to the concept of 

buoyancy. For example, pressure, water level, and inertia were included in the concept maps and, 
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as such, connected to buoyancy within the schema of the individuals who included it. This is 

concerning because, while there are distant connections between all concepts in the natural 

world, the concept maps were not expansive enough to cover those connections. As will be 

addressed later in this section, the inclusion of those concepts without an expansive display of 

the relationships is considered a misconception because of absence of direct linkages to 

buoyancy. Including these concepts in the concept maps possibly reveals that the responsible 

participants were searching for scientific concepts to connect with buoyancy and those words or 

concepts might have been referenced or introduced by a prior experience incorrectly. As will be 

discussed in the next section, this study sought to identify the misconceptions and address the 

possibility of a cycle of misconceptions being created and reinforced by the absence of 

meaningful learning in classrooms. If individuals frequently associate pressure, for example, 

with buoyancy, curriculum designers need to be informed so they can address the ways by which 

they are introducing the concepts and creating meaningful learning experiences. Furthermore, if 

individuals are not connecting gravity, forces, opposing forces, and fluid density with buoyancy, 

there is a serious problem. As was shown in the literature review, those are the primary concepts 

that influence buoyancy, in addition to floating and sinking (Giambattista et al., 2010). 

Iindividuals should, at the least, associate those concepts together. 

Using the assimilation theory presented by Ausubel (1963), one can conclude that the 5E 

instructional intervention used in this study increased the associations individuals used to create 

and refine their conceptual framework for buoyancy. Scientific conceptions - as outlined in the 

next section - would permit the deduction that the participants also reinforced or created accurate 

understandings of the related concepts. The increase in associations was due to the overarching 

schema that exists within an individuals mind and how the meaningful learning experience (5E 
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Learning Cycle instructional intervention) facilitated the formation of understandings. 

Meaningful learning experiences should provide opportunities for deeper learning through 

accurate and appropriate contextual presentations of related concepts. Using Figure 2 as 

evidence, the related concepts connect in some fashion even if they are not directly related. For 

example, if an individual participant in this study added a connection between buoyancy and 

displacement, one can draw the conclusion that their understanding of displacement was 

impacted in some way. Even though this particular study focused on buoyancy, conceptual 

frameworks are multidimensional and include many related concepts. Still using displacement as 

an example, an individual’s deeper understanding of displacement will impact their ability to 

comprehend, understand, and explain other concepts, including buoyancy. Within the lesson on 

buoyancy, each instructor spent time talking about displacement as it relates to buoyancy. This 

exposure and opportunity for assimilation deepened understandings and provided cross linkages 

with other concepts. 

Another way to consider the changes that occurred within the conceptual frameworks is 

that the concepts represented by the puzzle pieces in Figure 3 were not connected completely 

until they were accurately understood. It is similar to putting together an actual puzzle - more 

clarity is observed of the whole picture being presented by the puzzle as the individual pieces 

become closer to the acceptable position in the puzzle. As the individual pieces get closer to one 

another, the picture becomes clearer; however, it is not completely clear until each individual 

piece has been appropriately placed. In this study, the data shows that many of the participants 

began to move concepts closer together as a result of the 5E Learning Cycle instructional 

intervention. Thus, the 5E lesson was successful in that it introduced new concepts to the 
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conceptual framework of buoyancy for the individuals. The next section will explore how these 

concepts were introduced and assimilated, in terms of accuracy. 

Scientific conceptions 

The second way by which this research question was addressed included the 

identification of scientific conceptions and misconceptions for the concept of buoyancy 

presented in the research components. The triangulation of data, as related to the scientific 

conceptions, is presented in Table 17. The data revealed the number of participants (n=55) who 

included the respective concept in their concept maps, drawing, or interview in a way that 

reflects an accurate connection to buoyancy. As noted in the previous chapter, concepts were 

considered accurate if they aligned with the scientific definition (Keeley, 2012). Linking words 

were considered in the determination of accuracy because they were evidence that the individual 

did or did not understand the connection. For example, if a concept map linked buoyancy with 

“is related to” it did not inform the researcher that the individual knew the relationship - they 

simply knew there was a connection between the terms. As noted by Ausubel (1963), this can be 

interpreted as the individual having experienced rote knowledge and not meaningful learning. 

Meaningful learning and a sense of understanding was reflected by a distinct set of linking words 

and concepts that inform the researcher that they know exactly how they are related (Ausbel, 

1963; Kikas, 2004). Rote knowledge does not fully assimilate the concept into the schema in a 

way that it is remembered and integrated into future thoughts. For example, one participant noted 

in the concept map that the volume “is calculated by” the “product of an objects length, width, 

and height”. This is evidence of an scientific conception because the facts of the calculation were 

correct and the linking words express the precise relationship between the words within the 

calculation and the concept of volume. 
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There was evidence that scientific conceptions of buoyancy were present within the 

conceptual frameworks of a small group of participants; however, robust prior knowledge and 

understandings associated with the related concepts was not evidenced. Moreover, there were 

gaps in their conceptual frameworks about the concept of buoyancy before and after the 5E 

Learning Cycle instructional intervention. Some of these gaps, per the scientific definition of 

buoyancy, should be considered significant. For example, the fact that none of the participants 

included opposing forces in their pre-concept maps in an way that revealed an accurate 

understanding was concerning. As outlined in the definition of buoyancy in the literature review, 

the scientific concept of buoyancy centers on the presence of opposing forces (Giambattista et 

al., 2010). It is also alarming that only 9% of the participants accurately described floating and 

sinking in the interview portion. While the interview questions did not specifically address the 

idea of an object floating or sinking, it did include questions that related to the drawing and the 

idea of opposing forces in a fluid for a boat. For a preservice teacher to not accurately draw the 

connection between buoyancy and floating and sinking when prompted with the concept of 

buoyancy is disappointing because the NGSS for multiple grade levels uses a boat or object 

floating in the examples for buoyancy. If a students’ teacher cannot draw the connections in a 

way that creates or reinforces understandings, a cyclical persistence of the gap in how 

individuals understanding why objects float and sink. 

Figure 15 provides a possible visual representation of the conceptual framework for a 

particular participant with missing conceptions of several related concepts. The blank spaces are 

not representing misconceptions, rather, they are representing absent knowledge or concepts that 

are not known to be associated with buoyancy. For example, the four blank concepts in Figure 15 

could represent any of the following: balanced load, density, Archimedes principle, upward 
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force, mass, or shape of the object. Figure 16, on the other hand, represents the scientific 

conceptions and gaps present within the same participant based on their interview analysis. It is 

easy to note that more scientific conceptions were included in the interview reflections because 

Figure 16 has fewer gaps in the connections between accurately presented conceptions. Referring 

back to the example of an actual puzzle, more pieces were provided to the particular individual 

to make the picture more complete and clear. Both figures show that there are many gaps that 

need to be addressed as a result of weak prior knowledge within the conceptual frameworks of 

preservice teachers in this study. While it is possible that many of the concepts are understood on 

an isolated level, understanding the natural world requires the connections 
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Figure 15. Cognitive structure with gaps – a representation 

Figure 16. Cognitive structure with fewer gaps – a representation 
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Misconceptions 

Table 14 provides a frequency analysis for the misconceptions present within each of the 

research components. As described by Chi (2005), misconceptions are concepts and linking 

words that are isolated pieces of knowledge that, in many cases, were not appropriately linked 

within the cognitive structure or aligned with the respective scientific definition. For example, if 

an individual mentioned a concept but did not use appropriate or specific words indicative of a 

scientifically correct connection, the concept was not considered to be accurate or understood by 

the individual participant. 

The conclusion that the intervention was successful in providing a meaningful learning 

experience was affirmed by the data: misconceptions surrounding floating and sinking and fluid 

properties decreased. However, it is concerning that misconceptions increased for the following 

concepts: density of fluid, displacement, weight, and surface area. All of these concepts were 

explored in the intervention. This provides evidence that the intervention provided many of the 

‘puzzle pieces’, but the individuals did not know where to place them within their schema or 

misplaced them within their schema. 
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The analysis of the midterm examination drawings provided interesting insight into the 

preservice teachers understanding of buoyancy and able to recall and relate it to a real-life 

scenario. The outcome of the drawings was negative in that did not provide evidence that the 

preservice teachers were able to apply specific concepts in a meaningful way. The two concepts 

that were most striking were weight and upward force. The question asked the respondents to 

show the forces that were present and one would expect both of those terms to be present in 

some fashion. Only 4% of participants included one or both of them on their drawing. 

Research Question 2 - : How does a 5E intervention influence preservice teacher conceptual 

understanding of buoyancy? 

The second research question addressed in this study was framed around conceptual 

change and how a meaningful learning experience influences individuals’ conceptual 

understanding of buoyancy. This question was answered using the following data components: 

pre-concept maps, post-concept maps, midterm examination drawings, and interviews. 

Conceptual change was found on many levels - some types of change were reassuring 

because meaningful learning had occurred and others changes were concerning because the 

learning, although present, was not substantial enough to assimilate accurate conceptual 

understandings into the overall schema surrounding the concept of buoyancy. More specifically, 

the individuals had a change in the number and types of concepts they associated with buoyancy 

but did not make substantial gains in the accuracy of their overall understanding of buoyancy and 

those terms which were associated with buoyancy. This concern supports the recommendations 

for future research later in this chapter. 

In their study about how kindergarten and second-grade students learn density through 

modeling activities and, in turn, modify the complexity included in their explanations of the 
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concepts, Rappolt-Schlichtmann et al. (2007) concluded that teacher support and modeling of 

why things sink and float led to cubic and quadratic changes in data points between the pre- and 

post-evaluations. More specifically, some participants provided the researcher with a more 

complex explanation of density after modeling activities while others decreased the complexity 

of their explanations. This was seen in this study with buoyancy: the 5E Learning Cycle 

instructional intervention included a modeling activity and there was change in the ways by 

which participants explained buoyancy and the concepts of floating and sinking. For example, in 

the concept maps alone, all 16 related concepts increased and decreased in various ways in how 

they were included between the pre- and post-concept maps. As seen in Table 14, some of the 

related concepts were presented more frequently as misconceptions in the post-concept maps 

than the pre-concept maps, while other related concepts were presented more frequently as 

accurate scientific explanations. For example, the accurate inclusion of buoyant force increased 

20% between the pre- and post-concept maps and misconceptions of how surface area relates to 

buoyancy increased 25%. Five of the most significant changes are shown in Figure 19. Worth 

noting is that floating and sinking was included accurately in 2% more post-concept maps and it 

decreased in being presented as a misconception by 22%. Displacement, on the other hand, 

increased in being presented as a misconception by 18%. Changes for all of the related concepts 

were presented in Table 11 in the previous chapter. 
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Another conclusion of Rappolt-Schlichtmann et al. (2007) related to the temporal aspects 

of learning and retention. They concluded that understandings for kindergartners and second-

graders are dynamic and change as exposure to the concepts changes. Furthermore, it is essential 

that students be exposed to accurate explanations and modeling over time in order to generate a 

complete and accurate understanding. The associations that the participating preservice teachers 

made between the five related concepts shown in Figure 18 follow this same trend. As noted in 

the methodology section, each of the data from each of the research components was collected at 

a different time in the semester of the E-6 Science Methods course. The research components and 

the percentage of the participants that included the related concepts in their concept maps are 

shown in chronological order in Table 16. For example, 51% of participants included density of 

the object in their pre-concept map while only 2% mentioned density of the object in the 

interview when explaining the concept maps and drawing. 

In conjunction with the research of Rappolt-Schlichtmann et al. (2007), this study 

supported the notion that individuals must have constant meaningful learning experiences in 

order to maintain an understanding. The participants in this study did not retain robust 

understandings regarding the information that was presented to them in prior courses or the 5E 

Learning Cycle instructional intervention. They continued to lose many of the understandings as 

they got further from the lesson and exposure. 

Table 19 shows the frequency analysis for the five concepts that were included accurately 

on all of the research components. With the exception of weight, one can observe a difference 

between the various components with an overall trend of increasing in frequency with each 

component. It is worth referencing Table 2 from the previous section that shows the order in 

which each research component was conducted and collected. The pre-concept maps were 
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collected prior to the 5E Learning Cycle lesson on buoyancy while the interviews were 

conducted after the pre-concept maps, 5E Learning Cycle instructional intervention, post concept 

maps, midterm examination drawings. As seen in Table Timeline, more participants included or 

described surface area accurately in the interviews than they did when creating their pre-concept 

map. 

Table 19 

Frequency analysis for related concepts included in all research components. n=55. 

Concept 

Pre-Concept 

Maps (%) 

Post Concept 

Maps (%) Drawings (%) Interviews (%) 

Surface Area 2 11 4 33 

Gravity 6 20 29 25 

Buoyant Force 16 36 60 13 

Weight 4 9 4 5 

Displacement 2 6 2 7 

Figure 19 shows the best-fit trend line for each of these five concepts, using the 

percentage of participants who accurately included these concepts on each research component. 

Worth noting is that the linear equations for each of these concepts, except weight, had a positive 

slope and r-squared value. Thus, surface area, gravity, buoyant force, and displacement appeared 

more frequently on each of the research components when compared to the time at which the 

data was collected. Surface area showed the greatest increase in presence with a slope of 8.6. 

One can conclude that the 5E Learning Cycle lesson focused on surface area in a way that 

permitted a strong assimilation of the concept into the participants’ understanding of buoyancy. 

This is likely due to the Explore step that included the model boat building and water (See 

Appendix A) and the ways by which individuals reflected on the impact of boat design on its 

ability to float with pennies. It is also important to note that weight may have decreased in 

110



frequency, in terms of being accurately presented, due to the lack of focus on weight or 

misconceptions associated with the concept of weight from prior knowledge or experiences. 

Weight can be a complex concept if individuals do not fully understand mass and gravity. The 

5E Learning Cycle intervention and the incorporation of manipulatives supports the current 

paradigm of science education and inquiry-based activities (American Association for the 

Advancement of Science, 2009; National Research Council, 2000; NGSS, 2013; NSTA, 2012; 

Stoddart, et al., 2000). 

The ways by which young children explained or understood buoyancy seemed to be 

reflected in the understandings presented by the preservice teachers involved in this study. As 

noted by Hsin and Wu (2011), 5 and 6 year olds use the terms “heavy” and “light” to reference 

the concept of weight and it is not until they reach 7 and 8 years old that they begin to apply 

these concepts to the idea of floating and sinking. After they reach the age of 9, per the research 

of Havu-Nuutinen (2005), children can begin to connect weight and volume to floating and 

sinking. While this study focused on the scientific concept of buoyancy and not specifically 

floating and sinking, the participants did not provide much evidence that they connected 

buoyancy with floating and sinking. Furthermore, they did not accurately include the concepts of 

weight or volume on many of the data components. None of the participants (0%) accurately 

used volume on their pre-concept maps and 13% presented it as a misconception. Only 4% and 

9% of participants accurately incorporated weight on their pre-and post-concept maps, 

respectively. The impact of weight on floating and sinking was also considered in the research of 

Biddulph and Osborne (1983). While they found that elementary age students were beginning to 

reference weight as a reason why things float, the data presented in this study revealed that 
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participant preservice teachers either did not connect buoyancy to floating and sinking or did not 

have the same understandings of the conceptual connections as the elementary students in the 

research of Biddulph and Osborne (1983). Thus, their understandings of buoyancy were 

reflective of an elementary students’ understanding. 

For example, Figure 15 provides a visualization of the schema for an individual who was 

provided instruction or experiences during their development that excluded a particular concept 

(concept 3) and the linking word/s (LW 3) that connected concept 3 to four other concepts (1, 2, 

4, and 5). Note that only concepts and linking words 1, 2, 4, and 5 are shown. As shown in the 

figure, there would be a figurative and literal gap in the overall conceptual understanding of the 

concepts. An example that was observed in this research study that related to this visualization 

was an individual who was not provided – through prior knowledge or experience - accurate 

information on the concept of gravity. If the image in the graphic labeled “C” in Figure 17 

represented buoyancy and all of the related concepts and linking words, the individual would not 

be able to completely understanding the ways by which gravity impacted or interacted with the 

surrounding concepts or linking words. 

If the individual was provided instruction that built on their prior knowledge and it 

specifically included concept 3 and the ways by which it connects to related concepts (1, 2, 4, 

and 5), there would be a high possibility that it is assimilated into the schema and thus provides 

more understanding about all of the concepts. As seen in Figure 16, there is a more complete 

conceptual understanding of buoyancy. If the individual represented by Figure 20 who was 

missing an understanding of gravity was provided instruction on gravity, it could be assimilated 

into their conceptual understanding of buoyancy, thus facilitating a more complete 

understanding. Figure 21 represents would this process would look like. 
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Conclusion 

Based on the findings of this study, it is evident that the participants had weak prior 

conceptual understandings of buoyancy and serious misconceptions in the ways they understood 

and linked concepts related to the scientific definition of buoyancy. The assimilation process that 

was outlined by Ausubel (1963) occurred only in that it increased the rate at which learners 

associated terms with the primary concept of buoyancy. Meaningful learning occurred to a 

limited extent and many of the learners did not fully assimilate buoyancy and related concepts 

into their understanding or overall schemas of how physical concepts interact in the natural 

environment. The goals of their secondary and post-secondary educational goals, in terms of the 

course objectives and outcomes related to scientific concepts, were not satisfied. 

Some of the responses and explanations that were provided in the interview supported the 

conclusion that the understandings of buoyancy were not robust. For example, when asked about 

how buoyancy impacts floating and sinking, one participant stated, “density doesn’t really factor 

in.” Along the same lines, another participant noted that floating and sinking “determine 

density.” While only two examples, these statements reveal a gap in the individuals’ 

understanding of buoyancy, density, and floating and sinking. Buoyancy is the concept that 

involves an upward buoyant force in a fluid and how it opposes the force of gravity. 

Furthermore, the relative density of the fluid and object play a significant role in buoyancy 

because, as noted by Dijksterhuis (1988), the formula for calculating buoyant force is the 

following: FB =(fluid)(Vobject)(g).
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Figure 17. Conceptual Development with a missing understandings 

Figure 21. Conceptual Development addressing the missing understandings 
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Based on the results of the study, preservice teachers do not fully understand any of the 

components of the formula: density, gravity, or volume. This leads to significant gaps in their 

ability to understand the elementary concepts of floating and sinking. The elements of the 

buoyancy formula are introduced on a basic level in preschool education, per the NGSS, and are 

revisited throughout elementary, middle, secondary, and post-secondary curricula. Per the 

research and educational curricula on physical sciences, understanding the concept of buoyancy 

requires a solid framework that includes the following: density, surface area, gravity, opposing 

forces, buoyant force, floating and sinking, volume, pressure, relative density, weight 

displacement, density of the object, density of the fluid, Archimedes principle, fluid properties, 

mass, and a balanced load (NGSS, 2013; NSTA, 2012). The fact that many of the participants 

had a preschool level understanding of buoyancy leads one to question the scaffolding present 

within the K-12 educational systems experienced by the participants. Moreover, one must 

question if the foundational concepts were introduced initially and revisited annually in ways 

that addressed misconceptions and concretized accurate scientific understandings. The preservice 

teachers in this study did not accurately connect all of these concepts to buoyancy in way that 

would permit one to state that the teachers are adequately prepared to instruct students on 

buoyancy or, to a degree, any of these topics. 

Furthermore, the understandings of buoyancy of preservice teachers, as determined by 

this study, were consistent with the following statements supported by the research presented in 

the first chapter: 

1. Similar to preschool students (Halford, Brown, & Thompson, 1986), preservice

teachers are challenged in the relationships between density, weight, and matter. 
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2. Similar to preschool students (Hsin and Wu, 2011), preservice teachers do not grasp

the scientific concepts that relate floating and sinking of objects in fluids. 

3. Similar to preschool students (Butts et al., 1993), preservice teachers do not have

concrete connections between floating and sinking in a way that allows for 

predictions. 

4. Similar to preschool students (Brown & Thompson, 1986), preservice teachers are

challenged by scientific concepts that involve ratios, including floating and sinking. 

5. Similar to kindergarten and second grade students (Rappolt-Schlichtmann et al.,

2007), preservice teachers do not have a solid grasp on the scientific concepts of mass 

and weight. 

6. Similar to students between the ages of 7 and 14 (Biddulph and Osborne, 1983),

preservice teachers do not understand the relationship between various scientific 

concepts and fluid dynamics. 

7. Similar to students in grades 9-12 (Akatugba and Wallace, 1999), preservice teachers

do not have fundamental understandings of how mathematical principles related to 

fluids. 

Another conclusion from this study is that the preservice teachers increased their 

associations between the related concepts as a result of the 5E Learning Cycle instructional 

intervention. While the increase or change that results from the lesson was statistically 

significant, it is important to look closely at the increased associations and, more importantly, the 

baseline data or where the participants started. Moreover, the teachers did have a gain in 

associations but the starting point was significantly below any level that many would consider 

adequate for teaching the concepts to students.  Also, the number of accurately included topics 
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that were included in the midterm examination drawings and interviews was concerning because 

many of the concepts were not mentioned accurately or at all. If the retention rate is low within 

half of a semester in a science methods course during which scientific concepts are constantly 

being reviewed, one must be concerned about the retention that would exist between this lesson 

and the first time the teacher is expected to teach students about the various concepts. Although 

the single meaningful learning experience – in the form of a 5E Learning Cycle lesson – 

provided an opportunity to assimilate new concepts into cognitive structures, its’ impact 

diminishes if the related concepts are not reviewed on a consistent basis. Also, the related 

concepts must be understood before expecting a more complex concept to be understood. For 

example, gravity must be understood as a force before it can be used to explain how an object 

floats because of the concept of opposing forces. Several of the participants confused the way 

gravity exists as a force, describing it as a pushing force, or even described it as another concept 

by stating, “the weight of gravity.” 

Summary 

As noted in the literature review, there is currently no research available that specifically 

focuses on the ways by which preservice teachers understand and conceptualize the scientific 

concept of buoyancy. The preservice teachers involved in this study did not have solid 

conceptual understandings of buoyancy before the study and, although they did show a 

statistically significant increase in the number of related they associated with buoyancy at the 

conclusion of the study, did not have complete understandings free of serious misconceptions 

after a 5E Learning Cycle instructional intervention. While buoyancy is only one scientific 

concept or topic among many that teachers are expected to understand in a way that permits 

accurate understanding transfer to students, this study invites the discussion about how 
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preservice teachers are trained and identifies a gap in their understandings that should be 

addressed prior to being licensed or permitted to be considered professional educators 

responsible for building understandings in elementary students. This study did involve a course 

that required conceptual physics as a prerequisite; however, that curriculum did not provide a 

solid foundation for the participants, as it relates to their understanding of buoyancy and related 

concepts. As it relates to Ausubel and his learning theory, assimilation of related concepts into 

the conceptual framework was limited and more opportunities for meaningful learning would be 

necessary if the goal of the curriculum was to develop individuals with scientific conceptions. 

Implications 

This study revealed many different ways by which educational opportunities and 

programs can be improved. They are listed below in these various areas, including: science 

teacher education, professional development, classroom teachers, and future research. 

Science Teacher Education 

There was a significant deficiency in scientific content knowledge within the cognitive 

structures of preservice teachers. Thus, it is appropriate that one implication be the review of the 

course content knowledge required of teachers obtaining teaching certification and placement in 

school classrooms. In regards to buoyancy, it is essential that elementary teachers understand the 

concept and all related concepts in order to develop and implement curricula related to buoyancy 

and floating and sinking. Although all participants completed a conceptual physics course or 

similar prerequisite, this study should provide support for reviewing the content-level required 

for teachers considering the responsibility of providing accurate information to students and 

being prepared to remediate their misconceptions. Uninformed educators will invite a cyclical 
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perpetuation of the misconceptions, while informed educators will be able to solidify students’ 

understandings of natural phenomena such as floating and sinking. 

Similar to the results of Harrell and Subramaniam (2014) regarding density, classroom 

teachers should be provided with instruction that takes into account their prior knowledge and 

basic scientific concepts should be explored in great depth during teacher preparation. This will 

facilitate long-term memory acquisition as it relates to scientific conceptions. 

Professional Development 

Districts and individual schools should provide opportunities for teachers to continue 

learning about the content, in addition to pedagogy. As noted in this study, many of the 

participants had deficiencies in their understanding of buoyancy. Engaging teachers in 

explorations of concepts through conferences, lectures, or coursework would be an important 

way to ensure they are becoming versed in new discoveries and ways to share information with 

students. 

Classroom Teachers 

Classroom teachers should be held accountable for content knowledge in order to ensure 

misconceptions are not passed to future generations. In addition to being self-imposed for the 

betterment of instruction and knowledge sharing, schools and districts should consider how 

content evaluations are performed and received before and during employment. Moreover, it is 

essential that schools ensure their teachers are not lacking conceptual understandings or the 

desire to continually review and identify misconceptions within their own cognitive frameworks. 

Future Research 

Although the ability to generalize the conclusions of this study to all preservice 

elementary school teachers is limited by the number of participants, future researchers should 
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consider modeling the research questions for preservice elementary teachers in different teacher 

preparation programs (e.g. private teacher certification programs) and/or content areas (e.g. 

mitosis in biology). 

Investigating how this model applies to elementary teachers of varying levels of 

certification and experience teaching. Furthermore, replicating the study with experienced 

teachers might also warrant the inclusion of measuring the conceptual understanding of teachers 

as they are presented with multiple opportunities to revisit their curricula and prepare for student 

activities and questions. 

Finally, the results of this study revealed misconceptions with various concepts related to 

buoyancy that, when not completely understood, impeded preservice teachers’ ability to 

successfully grasp the concept of buoyancy. Investigating conceptual understandings of gravity 

and opposing forces could directly impact preservice teachers’ ability to understand buoyancy 

and contribute to the implications of this study. 
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BOUYANCY LESSON PLAN 
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Buoyancy Lesson Plan 

OBJECTIVES: 

1. The student will describe the relationship among buoyancy, mass, surface area (shape)

and water displacement (i.e., be able to explain how a substance denser than water can 

float). 

2. The student will investigate how mass affects buoyancy of a given shape in water (e.g,

which boat design will carry the most cargo). 

3. The student will explain Archimedes Principle, “Any object, wholly or partially

immersed in a fluid, is buoyed up by a force equal to the weight of the fluid displaced by 

the object.” 

TEKS 5.5 (A): classify matter based on physical properties, including mass, magnetism, 

physical state (solid, liquid, and gas), relative density (sinking and floating). 

MATERIALS: 
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Aluminum foil, heavy duty 

Tape 

Scissors 

5 containers of water for floating boats 

Uniform masses (pennies or marbles, etc.) 

Paper towels 

Triple beam balance 

Elementary balance 

Metric 

ruler

ENGAGE 

The hot air balloon activity will segue into the concept of “buoyancy”. (Discussion of a SCUBA 

diver’s BC can be used.) 

First, using an equal arm balance show that two pieces of clay have the same mass (≈30 g). Place 

a 30 g ball of clay alongside of a 30 g piece of clay made into a boat shape in a 10 gallon 

aquarium filled with water. Observe what happens. How might you explain what happens? 

EXPLORE 

Management 

1. Work in pairs.

2. Allow about 15 minutes for boat construction and testing of the cargo capacity.

3. Each boat will be made from a 15 cm x 15 cm piece of aluminum foil.

4. Have plenty of paper towels handy. If the cargo sinks, it will need to be dried before

being reused. 

Procedure 

1. Give each group 15 cm x 15 cm piece of aluminum foil.

2. Make a shape using the entire piece of foil that floats. Sketch your design and also find

the mass of your boat. 
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3. Place your boat in the water and slowly (one at a time) add masses (e.g., pennies) until it

sinks. 

4. Do three trials. (Take care to dry off your cargo and the inside of the hull before each

trial.) 

EXPLAIN 

The “big ideas” from this lesson include the following: 

1. Archimede’s Principle states, Any object, wholly or partially immersed in a fluid, is

buoyed up by a force equal to the weight of the fluid displaced by the object. More 

tersely: Buoyancy = weight of displaced fluid. 

2. There are two primary forces acting on boat and cargo in this science investigation. The

first force is gravity. Gravity is acting on the tin foil and pennies downward. The force of 

buoyancy is pushing the boat toward the surface of the water. 

3. The gravitational force is determined by the weight of the tin foil and the weight of the

pennies in the boat. The force of buoyancy is the weight of the water displaced by the 

boat. Your boat will continue to float as long as the force of buoyancy is greater than the 

force of gravity and you do not load the boat in such a way to cause it to tip over or leak. 

Students should understand the vocabulary associated with the learning experiences: volume, 

mass, displacement, draft, gravity, fluid, and density. 

1. Which of the designs carried the most cargo?  Why? (e.g., optimal draft vs. area of the

bottom of the hull). From the designs created by the students, which one carried the most 

pennies (cargo)? 

2. What was the optimal shape for carrying a lot of cargo? Why? What was the shape of the

boat design which carried the most pennies. 
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3. Was there a critical weight factor (amount of cargo – pennies)? Answers will vary.

4. What is the difference between mass and weight? Mass is how much matter something

has while weight is the force generated by gravity. 

5. Which variables affect buoyancy? Density of the fluid, volume of the fluid displaced,

acceleration due to gravity. 

6. Which variables do not affect buoyancy? Mass or density of the immersed object.

7. Density refers to the relationship between mass and volume.

8. Compare density to buoyancy. Density is the amount of matter (stuff) in a certain volume

(space). It is a measure of compactness. Buoyancy deals with amount of weight 

compared to the density and amount of fluid displaced rather than compactness of a 

substance. 

Density Buoyancy 

Mass Weight (involves gravity) 

It is a measure of matter per unit 

of volume (compactness). 

Shape of the object (matter) 

D = m/v If it floats on the fluid, then it displaces a weight of fluid 

equal to its own weight. 

If it sinks, then it has negative 

buoyancy. 

Buoyancy is the upward force applied to a submerged 

object. 

9. Water has a density of approximately 1 g/cm
3
.  Explain how a boat made of the following

metals could float.

Metal Density g/cm
3

Gold 19.3 

Iron 7.87 

Copper 8.96 

Lead 11.34 

Zinc 7.14 

Tin 7.365 

Show the DSM animation: http://www.youtube.com/watch?v=yB8c5t8Ct7I 
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ELABORATE 

Buoyancy is important in a surprising number of fields. Designers and engineers must 

design boats, ships and seaplanes in a way that ensures that they remain afloat. In the case of 

submarines, experts developed ways to make them sink and bring them back to the surface. 

Many objects were developed with buoyancy in mind, such as life preservers and pontoons. 

Buoyancy affects many more things than most people imagine. 

Additionally, buoyancy is very important in a number of water-related sports. Many 

swimmers know that there are easy ways to float at the surface, such as laying on a person's back 

or holding a full breath. Buoyancy becomes noticeable when a swimmer tries to dive to the 

bottom of the pool, which can take effort. Scuba divers work with many buoyancy issues, as 

divers must know how to float, hover and sink in the water. In fact, scuba divers often wear extra 

lead weights to counteract the positive buoyancy of their bodies (and wet suits [made of 

neoprene rubber] & dry suites [full of insulating air], in areas where the water is cold) and other 

gear. To compensate for the ever-increasing pressure as one dives deeper a BC (buoyancy 

compensator) is used to maintain neutral buoyancy. 

History connection 

Archimedes of Syracuse. (c. 287 BC – c. 212 BC) was a Greek mathematician, physicist, 

engineer, inventor, and astronomer. Achimedes’ Princible states that a body immersed in a fluid 

experiences a buoyant force equal to the weight of the fluid it displaces. 

EVALUATE 

Answer the following questions: (answers are underlined) 

1. What is the buoyant force?

A. The upward force that a fluid exerts on an object in the fluid. 
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B. The downward force that a fluid exerts on an object in the fluid 

C. The upward force that the object exerts on a fluid when it displaces the fluid. 

D. The downward force that the object exerts on a fluid when it displaces the fluid. 

2. Which of the following best describes the relationship between the buoyant force and an

object in a fluid? 

A. The buoyant force is equal to the mass of the object. 

B.  The buoyant force is equal to the weight of the fluid. 

C.  The buoyant force is equal to the mass of the fluid that the object displaces. 

D.  The buoyant force is equal to the weight of the fluid that the object displaces. 

3. A helium balloon will rise if you let go of it. Which of the following is true about the

balloon? 

A.  There is no gravity acting on it. 

B.  There is a buoyant force acting on it from the air. 

C.  There is no buoyant force acting on it because it is not in a fluid. 

D.  It is moving, so you cannot calculate what forces are acting on it until it stops 

moving. 

4. Explain how substances denser than water can still float.

The amount of weight displaced is equal to the weight of the fluid 

5. Explain the difference between density and buoyancy.

6. Explain the difference between density and changes of state.

7. The picture below shows the same ship. The ship on the left (A) is empty and the ship on

the right (B) is loaded with cargo. 
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a. Which ship displaces more water? B

b. Which one has more cargo? B

c. Which one weighs more? B

d. Which one has the greater buoyant force? B

e. How does the weight of the ship compare to the weight of the displaced water? Both

A and B are equal 

Activity 2 (Optional) 

Another verson of Archimedes’ Principle states that a body immersed in a liquid, wholly or 

partly, loses some weight. The loss of weight is equal to the weight of the liquid displaced by the 

body. 

Take a spring balance, a piece of stone (or other submersible object), a measuring cylinder and 

water. Measure the weight of stone in air by tying the string around in a loop, and hanging it 

from the spring balance. Take water in a measuring cylinder and note its volume level. Then dip 

the stone in the water while it is still hanging from the spring balance. You will see that the stone 

is weighing less!! 
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TRANSCRIPT ANALYSIS 
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Course Name n Grade n 

Biology for Educators 27 9A,8B,9C,1F 

Biology of Higher Plants 1 1D 

Biology (Transfer) 24 3A,10B,5C,4D, 2F 

Biology: Womens Health 1 1F 

Biology for Educators 4 1A,3C 

Cell Biology (Lab) 1 1F 

Cell Biology (Lab - Transfer) 2 1B,1F 

Chemistry Transfer 3 2A,1B 

Comparative Anatomy 1 1D 

Conceptual Physics 48 12A,21B,11C,3D,1F 

Contemporary Biology 3 1A,1B,1D 

Contemporary Biology (AP Exam) 1 

Contemporary Biology (Lab) 2 1A,1F 

Context of Chemistry 1 1A 

Descriptive Astronomy 1 1C 

Descriptive Astronomy (Transfer) 3 1A,1C,1F 

Earth Science 50 13A,25B,7C,4D,1F 

Ecology 2 2F 

Ecology (Transfer) 1 1D 

Elementary Biology  1 1D 

Elementary Biochemistry (Lab) 1 1A 

Environmental Science (Transfer) 1 1B 

Environmental Science (Transfer 2) 3 1A,1C,1F 

Environmental Science 50 17A,22B,8C,1D,2F 

Environmental Science (Lab) 2 1A,1B 

General Chemistry 16 1A,5B,5C,4D,1F 

General Physics 2 6 3B,3C 

General Physics 2 (Lab) 7 3A,1B,2C,1F 

General Physics 1 13 2A,3C,4D,4F 

General Physics 1 (Lab) 7 4A,1B,1D,1F 

Genetics 2 1D,1F 

Genetics (Lab) 1 

Geography (Transfer) 2 2A 

Geology (Transfer) 3 2C,1D 

Human Anatomy and Physiology 2 1 1F 

Human Anatomy and Physiology 1 1 1C 

Human Anatomy and Physiology 2 (Lab) 1 1F 

Human Anatomy and Physiology 1 (Lab) 1 1C 

Human Anatomy and Physiology 2 (Lab) 1 1F 

Introduction to Physics (Lab) 1 1C 

Introduction to Physics   1 1B 

Lab: Sequencing Genetics 12 6A,4B,2C 
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Microorganisms 1 1D 

Neuropsychology 1 1C 

Organic Chemistry 4 1C,1D,2F 

Organic Chemistry (Lab) 3 1B,1C,1F 

Parasitology 1 1B 

Pharmacology 2 1C,1F 

Physical Geology 3 1B,1C,1F 

Physicsl Geology (Transfer) 1 

Physical Science 1 1C 

Plant Biology (AP Score) 1 

Plant Biology (Lab) 1 1B 

Plant Biology 1 1B 

Plant Biology (Lab) 1 1B 

Plant Physiology 1 1D 

Plant Physiology (Lab) 1 1B 

Principles of Biology 1 6 1A,2B,3C 

Principles of Biology 1 (lab) 11 1A,5B,4C,1D 

Principles of Biology 2 8 1A,3B,3C,1D 

Principles of Biology 2 (Lab) 10 2A,1B,3C,4D 

Principles of Biology 2 (Lab) 1 1B 

Principles of Biology 1 5 1B,2C,1D,1F 

Principles of Biology 2 2 1C,1D 

Principles of Biology 2 1 1B 

Solar System (Observation) 2 1A,1B 

Solar System 5 2B,2C,1F 

Solar System 1 1A 

Solar System (Observation) 1 1C 

Stars and the Universe 3 2B,1F 

Stars and the Universe 1 1B 

Stellar System 1 1C 

Cell Biology 1 1D 

World Regions Geography 1 1B 
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APPENDIX C

EXAMPLES OF CONCEPT MAPS 
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Pre-Concept Map with review notes 

= incorrect 
proposition= correct 
proposition
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Pre-Concept Map with review notes 

= incorrect 
proposition= correct 
proposition
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Post-Concept Map with review notes 

= incorrect 

proposition= correct 

proposition
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Post-Concept Map with review notes 

= incorrect 

proposition= correct 

proposition
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