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This qualitative study examined seven preservice teachers’ perceptions of their 

science content knowledge, teaching practices, and reflective processes through the use 

of the metacognitive strategy of concept maps. Included in the paper is a review of 

literature in the areas of preservice teachers’ perceptions of teaching, concept 

development, concept mapping, science content understanding, and reflective process as 

a part of metacognition. 

The key questions addressed include the use of concept maps to indicate 

organization and understanding of science content, mapping strategies to indicate 

perceptions of teaching practice, and the influence of concept maps on reflective process. 

There is also a comparison of preservice teachers’ perceptions of concept map usage with 

the purposes and practices of maps as described by experienced teachers. Data were 
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collected primarily through interviews, observations, a pre and post concept mapping 

activity, and an analysis of those concept maps using a rubric developed for this study. 

Findings showed that concept map usage clarified students’ understanding of the 

organization and relationships within content area and that the process of creating the 

concept maps increased participants’ understanding of the selected content. The 

participants felt that the visual element of concept mapping was an important factor in 

improving content understanding. These participants saw benefit in using concept maps 

as planning tools and as instructional tools. They did not recognize the use of concept 

maps as assessment tools. When the participants were able to find personal relevance in 

and through their concept maps they were better able to be reflective about the process. 

The experienced teachers discussed student understanding and skill development as the 

primary purpose of concept map usage, while they were able to use concept maps to 

accomplish multiple purposes in practice. 
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CHAPTER 1 

INTRODUCTION 

Statement of Problem 

An education major preparing to enter the field of teaching brings a background 

of experiences and perceptions about teaching and learning. These perceptions and 

experiences shape the learning experiences he/she will create for students. In fact, 

perceptions of pedagogical skills and perceived mastery of content are strong indicators 

of prospective teachers’ future effectiveness (Minor, Onwuegbuzie, Witcher, & James, 

2002). 

Those in the process of learning to teach must deal with three common problems: 

misconceptions about teaching, putting what one knows into action in the classroom, and 

the complexities of teaching. Misconceptions about teaching arise from the time spent as 

a student, an apprenticeship of observation, referring to the process of developing 

perceptions of teaching based on experiences as students (Lortie, 1975). Observing for at 

least 12 years as a student provides a very different perspective on what truly happens in 

the classroom. A student may be inspired by having experienced an excellent teacher, 

but the misconception arises that teaching is easy since students are seldom aware of the 

multitude of decisions and effort that happens behind what is being observed. The 

teacher must be alert to all the students at once while keeping the classroom balanced in 

terms of both academic and social goals (Darling-Hammond, 2000). Successful teachers 
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are those whose students demonstrate strong achievement, who are confident in their 

skills, and do far more in the classroom than the traditional image of standing in front of 

the room and lecturing to students. These teachers need a strong background not only in 

content areas but in pedagogical skills, curriculum design, and assessment of student 

progress. They need to be able to determine students’ prior knowledge and concepts and 

be able to adapt the curriculum to fit student needs. They need to be able to reflect on a 

teaching episode and adjust the lesson plans to accommodate gaps in student 

understanding. They have high expectations for their students and provide positive 

feedback to help students improve. They have a well designed classroom which 

promotes productive learning. These successful teachers use a variety of tools to assess 

how their students learn and what they know. Additionally, these teachers are involved 

in collaborative efforts with colleagues in order to provide students with school-wide 

support for their learning.  

Teacher education programs, particularly through the methods courses, provide 

students with a variety of strategies designed to adjust those perceptions formed from the 

apprenticeship of observation. Strategies for reinforcing pedagogical knowledge and for 

providing deeper understanding of content are particularly valuable for potential 

beginning teachers. Numerous studies in recent years have found strong connections 

between teacher quality and student learning (Darling-Hammond, 2000; Sanders & 

Horn, 1998). Several studies that have focused on preservice teachers’ perceptions of 

effective teaching show that the characteristics these new teachers bring with them 

influence their development as learners themselves and practitioners of teaching (Fajet, 

Bello, Leftwich, Mesler, & Shaver, 2005; Fieman-Nemser, 2001; Minor et al., 2002). 
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Some studies indicate gaps in their subject matter understandings as well as their 

pedagogical knowledge (Appleton, 2003). These studies indicate that teacher perceptions 

as they enter the field are significant factors determining the effectiveness of the 

educational experiences they will have. 

Reflective practice is a key factor in metacognitive skills and one which has been 

shown to be effective in several successful teacher education programs. Experienced 

teachers generally have a wealth of knowledge about both the content and the pedagogy 

appropriate to their topic, yet much of it is tacit and not recognized or addressed as a 

pedagogical concept, unless they regularly engage in reflection on their practice. 

Research studies which include reflection enhance participants’ awareness of the 

development of their skills, knowledge, and understandings (Bransford, Brown, & 

Cocking, 2000; Mok, Lung, Cheng, Cheung, & Ng, 2006; Zohar & Schwartzer, 2005). 

Beginning teachers, while not expected to enter the classroom already equipped 

with the full gamut of skills, strategies, and confidence of their experienced counterparts, 

can certainly expect their teacher education program to provide them with a solid 

foundation upon which to develop those essential skills, strategies, and confidence. 

Since perceptions of their skills, content knowledge, and teaching practice are indicators 

of new teachers’ future effectiveness (Fieman-Nemser, 2001; Minor et al., 2002) they 

need to have experiences designed to enhance those perceptions. The use of a concept 

map can be one of the key strategies for developing those perceptions. 
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Theoretical Framework 

Nature of Concepts 

 The learning process begins with the development of concepts, although learning 

begins long before the ideas of concepts themselves can be understood. A concept is an 

idea about something that is formed mentally by combining its characteristics; it is 

generally derived through specific instances and usually formed from a number of 

simpler elements. Concepts could be considered the building blocks of knowledge or the 

basic unit of knowledge. Concept learning involves identifying attributes and comparing 

them to what is already known in order to place the new knowledge into a known 

category (Schunk, 2004). Knowledge becomes organized around the important concepts 

in order to develop meaningful patterns of information. Bruner (1977) refers to this as 

the role of structure and how it applies to teaching. His recommendation is that the 

teaching and learning of structure, rather than mastery of facts and techniques, forms the 

basis for later abilities to transfer information to new situations (p. 12). Recent research 

on how experts differ from novices provides insight into the nature of thinking and 

problem solving (Bransford et al., 2000), which, in turn, provides guidance for designing 

successful learning experiences. The organization of knowledge around core concepts, 

no matter which field of expertise is being examined, is a key to being able to understand 

a problem and arrive at a solution.  

Metacognition 

Current research in the area of learning indicates the importance of the learner 

taking an active part in the learning process or developing an understanding of what is 

learned. Since understanding is an important aspect of learning, people must be able to 
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assess their own understanding. Metacognition, or thinking about one’s thinking, refers 

to the ability to monitor levels of mastery and understanding. Teaching practices which 

encourage a metacognitive approach include activities that focus on self-assessment and 

reflection on what worked and what needs improving. 

One of the three key findings in the National Research Council’s How People 

Learn (Bransford et al., 2000) is that “a metacognitive approach to instruction can help 

students learn to take control of their own learning by defining learning goals and 

monitoring their progress in achieving them” (p. 18). 

Effective learning involves being able to think about how new knowledge fits 

into existing concepts, this process includes monitoring the learning experiences and 

using feedback about one’s progress. Metacognitive strategies can be taught and should 

be incorporated into the subject matter students are learning. 

Concept Mapping 

Concept mapping is a strategy intended to reinforce understandings of concepts 

and their relationships in a graphic, visual manner. This strategy is also metacognitive in 

nature because it provides ongoing reflection on the process as well as the relationships 

among concepts. Concept maps provide a means for students to organize and represent 

knowledge. The use of propositional concept maps, ideas linked to form a meaningful 

statement, developed from a long term research project conducted by Joseph Novak and 

his research team to identify changes in children’s understanding of science concepts 

(Novak & Cañas, 2006). The use of concept mapping, when linked with student-centered 

learning, can produce stronger learning outcomes than with either approach 

independently (Romance & Vitale, 2002). Again, Bruner’s (1977) ideas relating to the 
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importance of structure in learning apply, “If earlier learning is to render later learning 

easier, it must do so by providing a general picture in terms of which the relations 

between things encountered earlier and later are made as clear as possible” (p. 12). 

Concept mapping skills can be a strong link for education students to connect with 

subject matter knowledge and strengthen understandings of pedagogy through reflective 

practice. 

  A few studies on the use of metacognitive approaches for teacher education 

students, including concept mapping as one of the strategies, indicate that this form of 

self assessment increased awareness of the learning process (van Driel & de Jong, 2001; 

Zohar & Shwartzer, 2005). The concept map component particularly allowed students to 

graphically represent their own learning. Participants also reported increased 

development of the habit of self reflection. Another strength of concept map usage is 

facilitating effectiveness as an organizational strategy for complex learning tasks and for 

summarization of information. Concept maps can be used as a way to access prior 

knowledge, determine misconceptions, provide a study guide and serve as an ongoing 

assessment tool (Gee, 1999; Mok et al, 2006). This is not a study of metacognition but a 

study of concept mapping used as a metacognitive tool. 

Science Content 

Several studies examining the perceptions of students who are taking education 

courses in preparation for becoming a teacher, and beginning science teachers, 

determined that beginning teachers often lack confidence in their science content 

knowledge (Akerson, 2005; Appleton, 2003; Lin & Tsai, 1999; Mok et al., 2006; 

Wahyudi & Treagust, 2004). A long-term study that included reflection on personal 
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practice found an initial difference between teachers’ espoused understandings about the 

nature of science and teachers’ tacit understandings (Waters-Adams, 2006). Over the 

course of the study their espoused understandings became more congruent with their 

actual practice. Effective practice is more than just knowledge; it involves a willingness 

to reflect, evaluate, and revise in order to improve practice and student learning.  

While the research is solid regarding the importance of reflective practice for 

practicing teachers and prospective teachers, there seems to be a need for more evidence 

on the use of specific strategies to do that. Concept mapping is known to be an effective 

means of organizing ideas and relationships; some studies have also demonstrated its 

effectiveness for developing reflective practice. Science teaching is a content area in 

which preservice teachers need to develop confidence. There remains a need to explore 

the use of the specific metacognitive strategy of concept mapping with preservice 

teachers in a science methods course. 

Purpose of Study 

The purpose of this qualitative research study is to explore possible connections 

between preservice teachers’ perceptions of knowledge of both science content and 

pedagogy and the metacognitive strategy of concept mapping in a science methods 

course.  

Research Questions 

Based on the pilot study conducted and my background and inquiry interests, I 

am interested in data which will respond to the following research questions: 

1. How do preservice teachers use concept maps to indicate their organization and 

understanding of science content knowledge? 
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2. How do preservice teachers use concept mapping to indicate perceptions of 

teaching practice (planning, instruction, assessment)? 

3. How does concept mapping influence preservice teachers’ perceptions of their 

reflective processes? 

4. How do teachers who are experienced in using concept maps talk about the 

purpose and practice of using concept maps? How does this compare with the 

preservice teachers’ perceptions of concept map usage? 

Rationale for Qualitative Approach 

This research focuses on participants’ ideas about their own learning and 

understanding of the teaching process. I believe that type of information is best arrived 

through the in-depth perspective of qualitative research. The basis of this study focuses 

on understanding perceptions which can best be obtained through interviews and 

reflective processes. 

Background of the Researcher 

I am a doctoral student in Curriculum and Instruction. My professional 

background includes experience both as a first grade teacher and as an elementary 

science teacher for students in Kindergarten through 5th grade. I have also taught college 

level courses for education majors. In these capacities, I used graphic organizers and 

concept maps with students of all ages; I personally observed students’ increased 

understanding of complex relationships with the use of concept maps. Students 

particularly enjoyed the visual representations for organization of information and the 

use of concept maps as a study aid. I have been a long time user and advocate of graphic 

organizers in general and concept maps in particular. Some of the research I have done 
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for my courses has led me to an interest in metacognition and metacognitive strategies 

that enhance the learning process. I have also researched studies of concept map usage 

and effectiveness.  

  I utilized a number of different data sources and methods in order to give more 

credibility to the conclusions. Clearly, there are a multitude of variables at play in the 

process of effective teaching; this strategy could be considered a few measures 

contributing to an entire symphony. 

Limitations 

The small size of the study is one limitation, although qualitative research studies 

do not rely on numbers of participants for the determination of quality. The purposeful 

sampling procedure, as well as the use of a voluntary sample, decreases the 

generalizability of the study, and serves as a limitation. As a concentrated sample from a 

single university, and a small sample size, the results cannot necessarily be generalized 

to other universities. Generalizability is not typically a goal of this type of qualitative 

research.  

Another limitation in this study was the inability of the researcher to observe the 

participants teaching a lesson in order to gauge the usage of concept maps. This 

observation could have provided an additional data source for analysis. 

The researcher served as participant observer in the study and guest instructor for 

teaching concept mapping to the participants. This would be considered an intervention 

on the part of the researcher, with the researcher potentially serving as change agent. 
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Delimitations 

 I chose to restrict data collection to one specific course within the teacher 

education department at a small private unversity. This was an intentional selection as 

the science methods course selected offers multiple opportunities to incorporate concept 

mapping activities. The time frame selected for this study is a potential delimitation. 

This study took within one course of study over a single semester. 

As the researcher in this study, I acknowledge the potential for researcher bias; I 

am, indeed, motivated by the desire to offer potential teachers an effective tool. 

However, in order to reduce the possibility of researcher bias, I recognized the 

possibility and remained conscious of it throughout the research. First, I utilized a 

number of different data sources and methods in order to give more credibility to the 

conclusions. In addition to using diverse sources to limit possibility of bias, I kept 

analytical research memos, many in concept map format, to track ideas, progressions of 

thought processes, and relationships of ideas. I believe that my experiences with concept 

mapping bring a particular “critical subjectivity” to the research that could not be 

otherwise addressed. Reason (1988) refers to “critical subjectivity” as:  

A quality of awareness in which we do not suppress our primary experience; nor 
do we allow ourselves to be swept away and overwhelmed by it; rather we raise 
it to consciousness and use it as part of the inquiry process. (p. 12) 
 

Definitions 

For the purposes of this study the following definitions will be utilized: 

Concept: An idea about something that is formed mentally by combining its 

characteristics; it is generally derived through specific instances and usually 
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formed from a number of simpler elements. Concepts could be considered the 

building blocks of knowledge or the basic unit of knowledge (Schunk, 2004). 

Concept map: Visual graphic organizer designed to display concepts and the connections 

between them. Typically, concepts are displayed in the nodes or shapes, while 

relationships between them are shown with links, often titled with verbs (Novak 

& Gowin, 1984). 

Content knowledge: Subject matter knowledge; understanding of the specific 

information needed for a particular topic. 

Metacognition: Monitoring the thinking process; being aware of one’s thinking and 

reflecting on what one knows; knowledge about one’s own cognitive processes 

(Darling-Hammond & Bransford, 2005). 

Metacognitive strategy: An activity or technique used to generate metacognitive 

reflection and strengthen metacognitive skills. 

Pedagogical knowledge: Knowledge about the art and science of teaching; the activities 

of educating; activities that impart knowledge or skill (Darling-Hammond & 

Bransford, 2005). 

Preservice teacher: Students taking education courses in preparation for teaching. 

Reflective practice: A metacognitive strategy in which one intentionally thinks about a 

topic in order to better understand it and/or make improvements (Darling-

Hammond & Bransford, 2005). 

Visual Literacy: The ability to understand and interpret visual images, communicate 

effectively with visual images, and to use visual thinking to organize and solve 

problems (Burmark, 2002). 
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Significance of Study 

This research will contribute to the literature base on strategies for effective 

teaching, especially in the area of concept mapping and reflective practice. The process 

of preparing to become a teacher can certainly be an exciting and energizing task; 

however, the reality of entering one’s classroom for the first time can seem a daunting 

journey. Any strategies one might be able to develop to provide additional support for 

that task can only serve to bolster a new teacher’s confidence level. 

 The significance of this study comes through being able to provide insight into 

several prospective teachers’ development of skills and a strategy to give them 

additional tools for becoming successful in the classroom. 

Benefits 

Participants 

Participants in this study, based on responses from the pilot study, will learn 

background information on the structure and creation of concept maps, and the variety of 

uses of concept maps. They also will have the opportunity for individual reflection on 

classroom experiences and for reflective interaction with classmates. 

Future Students of Participants 

Because of the focus on concept maps in this study, the participants should be 

more aware of the classroom uses, for both teacher and student, of concept maps. These 

preservice teachers’ future students should be able to practice using concept maps for 

organizational uses and also as a study tool. Those future students should have more 

reflective experiences, since their teachers will appreciate the value of those reflections. 
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Instructors of Undergraduate Methods Courses for Education Majors 

This research could be of value to instructors in science methods courses as a 

means of helping their students gain confidence in their science content knowledge, 

develop the practice of reflection, and add to the development of pedagogical strategies. 

The instructors involved in this study will have exposure to student responses to the 

concept mapping experiences and findings of this research. These responses could 

encourage them to include more specific instruction on the uses of concept maps as a 

teaching strategy for their students. It could also encourage them to share some of these 

findings with colleagues. Published findings could also affect other methods instructors 

to consider more in-depth uses of concept maps 

School-based Professional Development Coordinators 

This study could be beneficial to those who implement professional development 

in schools. It could add a component to their programs to enhance confidence levels in 

their teachers. There is a need for background and practice in concept mapping as a 

professional development experience. Literature on the topic indicates that preservice 

teachers who were exposed to concept mapping tend to be more inclined to use and 

teach the methods to their students. 

The Researcher 

  I strongly believe in the visual component of concept maps to strengthen 

understanding. Beyond this study’s contribution to the knowledge base regarding the use 

of concept maps, I envision an opportunity to offer professional development in the use 

of concept maps for teachers and students. 
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CHAPTER 2  

LITERATURE REVIEW 

 This review of the literature will examine recent literature in five areas, each of 

which contributes to the rationale for the proposed study by addressing the research 

problem. The first section looks at studies in preservice teachers’ perceptions of 

teaching. This information will ground my inquiry into connections between prospective 

teachers’ ideas about the practice of teaching and concept mapping. The second section 

looks at recent research on concept development and change. These studies provide 

background for my understanding of how knowledge is organized and more specifically 

how science content knowledge develops. That leads into studies of science content 

understanding in order to have a perspective on teachers’ awareness of science 

organization and themes. The reflective process is a key element in this research so the 

next studies examine the use of metacognition in preservice education courses. The final 

section looks at recent research on various aspects of concept mapping in order to 

understand its uses in education courses as a strategy for clarifying ideas and 

relationships. The studies on concept mapping and metacognition in teacher education 

serve to establish these two areas as relevant in the area of preparing education majors 

for teaching. 
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Preservice Teachers’ Perceptions of Teaching 

Almost anyone entering the profession does so with the intrinsic motivation of 

“making a difference” in the lives of students (Fullan, 1993). Research findings of recent 

years have shown strong connections between teacher quality and student learning 

(Darling-Hammond, 2000; Sanders & Horn, 1998). The findings from the Sanders and 

Horn Tennessee Value-Added Assessment System (TVAAS) study indicate that the 

effectiveness of the teacher is the major determinate of student academic progress. This 

longitudinal study tracked improvement in academic growth of students over time and 

also determined that the effect is cumulative over time. The Darling-Hammond (2000) 

study found that student achievement appeared to be more strongly related to teacher 

quality than to other determinates including socioeconomic level, language, cultural 

background, or minority status.  

Research on the effects of teacher quality on student achievement gives rise to 

questions regarding how teachers are prepared in teacher education programs in order to 

provide a foundation for becoming a quality teacher. Several studies (Bryan & Atwater, 

2002; Fajet et al., 2005; Minor et al., 2002) have focused on preservice teachers’ 

perceptions of teaching. The latter study (Minor et al., 2002) data support the position 

that the characteristics preservice teachers bring with them influence their development 

as learners themselves and practitioners of teaching. The study focused on the effects of 

using self-reflection to discover the beliefs and values prospective teachers bring into the 

program. When preservice teachers know their own perceptions of teaching 

characteristics they are better able to evaluate their own belief systems about teaching, 

and correlate those beliefs to professional goals. In this study, 134 preservice teachers 
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were administered the Preservice Teachers’ Perceptions of Characteristics of Effective 

Teachers Survey (PTPCETS) at the beginning of an introductory level education class. 

The PTPCETS test asks participants to identify, rank, and define three to six 

characteristics they believe effective teachers demonstrate. The researchers utilized 

qualitative and quantitative analyses to determine the perceptions.  

The results followed seven themes (listed in order of endorsement rate): student 

centered (55%), effective classroom and behavior manager (33%), competent instructor 

(33%), ethical (30%), enthusiastic about teaching (24%), subject matter knowledge 

(19%), and professional (16%). Thus, this sample rated being student centered as the 

most common characteristic of effective teachers. The participants in the study also 

believe that subject matter knowledge is not as important as the ability to motivate 

students by being enthusiastic. The researchers suggest that teacher education programs 

provide opportunities for students to analyze their perceptions early in the program so 

they can begin to bring their beliefs in line with theory, research, quality teaching, and  

philosophical approaches to the field of education. 

Another study (Fajet et al., 2005) examined the perceptions of preservice 

teachers regarding their beliefs about the characteristics of both good and poor teachers. 

The 62 participants responded to student questionnaires, on-line surveys, and interviews. 

Five themes resulted from the responses (again, in order of frequency of listing): 

pedagogy/classroom management, affective personal characteristics, attitudes and 

behaviors toward students, attitudes toward the job and teaching in general, and 

knowledge of subject matter. The same five themes emerged from a negative perspective 

when the participants were asked about characteristics of poor teachers. Both of these 
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studies correspond with the beliefs that preservice teachers adhere to - teaching is more 

involved with affective interpersonal relationships than a profession requiring a skilled 

and knowledgeable practitioner. Education majors tend to underestimate the complexity 

of teaching. 

Other studies suggest that science teacher education programs should identify 

preservice teachers beliefs about science teaching and learning. Bryan and Atwater 

(2002) believe it is crucial to “confront” the existing beliefs that prospective science 

teachers bring into the education courses in order to assist them in challenging those 

beliefs. The researchers referred to Dewey’s How We Think (1933) for an effective 

differentiation between beliefs and knowledge: “Belief covers all the matters of which 

we have no sure knowledge and yet which we are sufficiently confident to act upon and 

also matters that we now accept as certainly true, as knowledge” (p. 6). 

Prospective teachers bring ideas about teaching into teacher education courses, 

just as any student comes into any classroom with preconceived notions (Bransford et 

al., 2000). In preservice teachers those preconceived notions are primarily based on 

having been a student for at least 12 years, described by Lortie as an apprenticeship of 

observation (1975). This observation period, though far from truly being an 

apprenticeship, comes from years of observing as a student and drawing inferences about 

the process. Preconceived notions must be recognized and addressed in order for new 

concepts to develop, particularly when, as several studies indicate, preservice teachers 

regard subject matter knowledge as being less important than enthusiasm for teaching. 
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Science Concept Development 

Jerome Bruner (1977) provides a foundation for thinking about concept 

development, although he refers to it as the role of structure in learning. He indicates that 

the answer to the question of making learning “useful,” or a lifelong thinking process, 

lies in: 

Giving students an understanding of the fundamental structure of whatever 
subjects we chose to teach. . . . The teaching and learning of structure, rather than 
simply the mastery of facts and techniques is at the center of the classic problem 
of transfer. If earlier learning is to render later learning easier, it must do so by 
providing a general picture in terms of which the relations between things 
encountered earlier and later are made as clear as possible. (pp. 11, 12) 
 
Bruner stressed the importance of student understanding of basic or fundamental 

ideas initially. These general ideas are then used as a basis for development of more 

complex ideas and relationships, allowing for the transfer of principles and attitudes. 

Novak (2006) described Ausubel’s concept of meaningful learning, a learning theory 

which focuses on constructivist theory, emphasizing that education should offer learners 

a foundation for being able to understand why and how new knowledge relates to what 

they already know. The construction of new knowledge begins with our observation of 

events through the lens of concepts we already understand. For learning to be 

meaningful, new knowledge must relate to ideas and concepts already known. Today’s 

educational researchers and theorists refer to the development of concepts as the 

foundation for learning. 

In a study commissioned by the National Research Council, How People Learn 

(Bransford et al., 2000) research on the science of learning was linked to classroom 

practice. The sheer magnitude of information available and the exponential growth of 
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that information in today’s world changes the goal of education to one of being more 

involved with helping students develop tools and learning strategies necessary to acquire 

and understand the knowledge available. This is very similar to Bruner’s idea of “giving 

students an understanding of the fundamental structure” (Bruner, 1977).  

How We Learn (Bransford et al., 2000, p. 14) highlighted three findings that 

impact teaching: 

1. Students come into the classroom with preconceptions about how the world 
works. 
 

2. In order to develop competence students must: (a) have a deep foundation of 
factual knowledge, (b) understand facts and ideas in the context of a conceptual 
framework, and (c) organize knowledge in ways that facilitate retrieval and 
application. 
 

3. A metacognitive approach to instruction can help students learn to take control of 
their own learning by defining learning goals and monitoring their progress in 
achieving them. 
 
These findings address learning in any environment or stage, very young children 

trying to understand their world or potential teachers striving to find ways to help those 

young children. Understandings about the workings of the world start forming in very 

young children, and these initial concepts influence how new concepts are integrated 

into the existing framework. Organization of knowledge and transfer of existing 

knowledge to new situations is most effective when a deep understanding of factual 

knowledge is set within a conceptual framework. Research on expertise in numerous 

fields (Bransford et al., 2000) indicates that experts have acquired extensive knowledge 

that affects how they organize, represent, and interpret information. Experts are more 

likely to notice patterns in information which affects the way they process new 

knowledge so that it becomes part of a framework rather than isolated facts (Bransford et 
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al., 2000; Lin & Tsai, 1999). Experts monitor their own understanding, which is a skill 

that can be taught. 

A study by Anderson, Smith, and Peasley (2000) looked at preservice teachers’ 

conceptual development and their concerns about the potential balancing act between 

creating a learner-centered classroom and assuring that their future students are learning 

content. In this 2-year study, two of the participants were able to modify their initial 

limited concepts through their experiences in teacher education courses. However, a 

third participant was prepared to give up content learning goals if they interfered with 

learners’ enthusiasm about the lesson. The researchers analyzed preservice teachers’ 

perceptions of teaching, concluding that some teacher education programs have reason 

to be optimistic about their ability to influence conceptual development and beliefs given 

supportive program features, even though there may be some mismatches along the way.  

 Conceptual development arises from opportunities to identify ideas, beliefs and 

values about science teaching and learning and then clarify, challenge, and expand those 

ideas. Abell and Bryan (1997) referred to orientation to teaching as the knowledge and 

beliefs about the purpose for teaching. This orientation also serves as a conceptual map 

to guide instructional decisions. These researchers and science teacher educators believe 

a reflection orientation to teacher preparation is most consistent with their assumptions 

about preparing science teachers: “The reflection orientation is grounded in the belief 

that learning to teach science, like learning science itself, is a process of re-evaluating 

and reforming one’s existing theories in light of perturbing evidence” (p. 154). 

The relationship between student engagement, learning environments, and 

student attitudes toward science are strongly influenced by the teacher’s approach to the 



 21  

concepts (Darby, 2005). Her year-long research indicated that the teacher has the 

potential to maintain student enthusiasm for science through relevant, stimulating 

teaching, and a positive, responsive environment. Darby (2005) refers to this as 

“relational influence” (p. 437) 

 Bryan and Atwater (2002) indicated that knowing teachers’ beliefs and designing 

instruction and experiences to explicitly confront those beliefs in a safe environment 

allows prospective science teachers to refine and/or transform the students’ perceptions. 

Students, whether in an elementary science class or in a college science methods course, 

are considered novices in content knowledge, and as such, tend to focus on isolated facts 

when learning new content. This process does not provide a solid foundation for 

understanding. In order to develop conceptual knowledge leading to deep understanding, 

they need to be presented with the hierarchal structure of the concepts within a given 

content area. 

Science Content Knowledge 

Beginning teachers in elementary school often lack confidence in their science 

content knowledge. Appleton (2003) studied beginning teachers’ practices in teaching 

science, then examined strategies that worked for them in order to boost their confidence 

in teaching science. In the first part of his study, the researcher found that teachers 

lacking confidence in their own science knowledge either avoided teaching it when 

possible or relied on using activities that worked for them, successful strategies from 

other content areas which were based on hands-on components. Appleton suggested that 

the use of activities that work as a teaching strategy helps the teacher develop 

understanding and confidence in teaching science. 
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A study in rural Indonesia (Wahyudi & Treagust, 2004) used classroom 

environment questionnaires and classroom observations to compare two science 

teachers, an exemplary teacher and a non-exemplary teacher. The researchers found a 

more positive environment in the classroom of the exemplary teacher. He utilized a 

variety of teaching methods as well as a variety of questioning techniques. He made it a 

point to link new content to prior knowledge and he checked frequently for student 

understanding. The exemplary teacher believed in his role as guide for students who 

were active learners. The observations in the classroom showed consistency with his 

beliefs as a teacher. Even though the exemplary teacher had fewer years of teaching 

experience, his content knowledge was greater, resulting in greater self-confidence. The 

confidence level of the teacher is an important element in the classroom. 

One study which examined two experienced elementary teachers and an intern 

who worked with them, researched ways these teachers identified areas where their own 

science content knowledge was incomplete (Akerson, 2005). Student questions 

generated in classroom discussions and interactions stimulated the teachers to improve 

their own understanding of the content. The two experienced teachers were science 

enthusiasts, yet were able to recognize their own incomplete content understandings. The 

intern indicated that her primary concern was with how well her teaching was going, 

thus she was not at a level to think about how her teaching was influencing the students. 

This is a typical response for a new or beginning teacher. 

A Taiwanese study compared expert and novice teacher behaviors and cognitive 

processing (Lin & Tsai, 1999). The researchers looked at several determinants of 

expertise: content knowledge; pedagogical understandings; practical knowledge; and 
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sense of efficacy. The participants were science and math teachers, since these are 

subject areas where students often feel most frustrated or indifferent. The researchers 

used both qualitative and quantitative methods of analysis. Expert and novice teachers 

see classroom events differently; experts are better able to monitor classroom events, 

interpret their own instruction, and offer solutions for classroom situations. The findings 

of this study reported more positive self-perceptions among the expert teachers; 

however, the researchers advised caution in their conclusions because this was an 

exploratory study with a small number of participants (total of 30). This study adds to 

the data that teacher confidence and perceptions of teaching ability enhance student 

learning. 

While experienced science teachers may have a wealth of knowledge about both 

the content and the pedagogy appropriate to science teaching and learning, much of it is 

tacit and not recognized or addressed as a pedagogical concept. Teachers are also seldom 

aware of their own development in practice and so are unaware of how they arrived at 

understanding of specific concepts (Loughran, Gunstone, Berry, Milroy, & Mulhall, 

2000). 

Metacognition in Teacher Preparation Courses 

 There is a great deal written on the subject of metacognition; there are also 

numerous definitions. Most agree that it has to do with knowledge about cognition, 

awareness, and control. Monitoring the thinking process, being aware of one’s thinking, 

and reflecting on what one knows are all a part of what current researchers understand as 

metacognition. Recent research identifies metacognition as an important factor affecting 

learning (Bransford et al., 2000; van Driel & de Jong, 2001; Zohar & Schwartzer, 2005). 
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Discussions of teachers’ understanding of content, particularly in the area of 

science, lead to the necessity for a more thorough understanding of the relationship 

between content knowledge, pedagogical knowledge, and student learning.  

Several studies suggest methods in which teacher knowledge can develop over time 

(van Driel & de Jong, 2001; Zohar & Schwartzer, 2005). Van Driel (2001) conducted a 

longitudinal study with preservice teachers involved in a 1-year post-graduate teacher 

education program for upper-level science. This qualitative study included a variety of 

data sources which were carefully analyzed. The participants in this study were involved 

in student teaching combined with regular workshops throughout the process. The 

workshops provided the preservice teachers with the opportunity to analyze their 

classroom experiences, discuss them with peers and teachers, and receive feedback. 

They were also writing reflective reports during the process. Most of the participants in 

the study displayed a growth in development of teacher knowledge throughout the term 

of the study. They became more aware of the concepts being taught and the relationships 

between the concepts. They also developed a better understanding of specific difficulties 

involved with student learning. There was evidence of increased knowledge of 

appropriate teaching strategies. The combination of teaching a concept, writing a 

reflective report, and discussion of these reports during workshop sessions seemed to 

contribute to the increased development of teacher knowledge base. 

Another study involved science teachers in a year-long professional development 

course intended to help teachers learn how to incorporate more thinking activities into 

science curriculum (Zohar & Schwartzer, 2005). There were two sets of teacher 

classroom observations, one before the beginning of the course and one after its 
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completion. In the first part of the course, teachers were engaged in active learning 

designed to give them the opportunity to solve problems, or thinking tasks, as learners. 

They were guided to uncover the pedagogical principles involved in the learning tasks. 

They were then instructed to try out the thinking tasks in their classrooms and write a 

written reflection of the activity and results. The next course meeting included a 

reflective workshop where participants discussed the reflections and a creative workshop 

where they were to design thinking tasks and return to the classroom to apply what they 

had created. The classroom observations at the end of the course showed an increase in 

the number of metacognitive discussions taking place in the classrooms. The classroom 

observation instrument detected changes in teachers’ pedagogical knowledge with regard 

to teaching higher-order thinking following a professional development course. 

The second part of Zohar and Schwartzer’s study (2005) was based on 

observations. The researchers examined whether or not teachers engaged students in 

metacognitive discussions that incorporated reflections and analysis of thinking 

processes during lessons. These observations were done before and after a series of 

professional development courses designed to improve teaching of higher order thinking. 

The results showed some gains in teachers’ overall ability to engage students in 

metacognitive thinking. 

The literature on metacognition includes several references to metacognitive 

strategies as methods for increasing student achievement. Further, it helps to enhance 

pedagogical knowledge for the teacher.  
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Concept Maps 

Concept mapping is a strategy intended to reinforce understandings of concepts 

and their relationships in a graphic, visual manner. This strategy is also metacognitive in 

nature because it provides ongoing reflection on the process as well as the relationships 

among concepts. Concept maps provide a means for students to organize and represent 

knowledge. 

The use of propositional concept maps, “using two or more concepts connected 

using linking words or phrases to form a meaningful statement” (Novak, 2006), was 

developed out of a long-term research project to identify changes in children’s 

understanding of science concepts. The researchers in this longitudinal study created a 

means of representing children’s knowledge in the form of a concept map.  

Graphic organizers are two-dimensional visual representations of knowledge. 

Concept maps are a type of graphic organizer in which concepts or ideas are placed in 

nodes, and links between the nodes represent the relationships between the ideas. The 

links may be labeled or unlabeled and may include arrows to indicate the directionality 

of the relationship.  

Studies on the use of concept maps and graphic organizers indicate positive 

effects on comprehension of content (Mok et al., 2006; Romance & Vitale, 2002; 

Shavelson, Ruiz-Primo, & Wiley, 2005). Concept maps are especially effective when 

used as an organizational strategy for complex learning tasks and to summarize 

information. One strength of the use of concept maps lies in the graphic representation to 

demonstrate growth in understanding (Enger, 1996; Jones & Vesilind, 1994). Visual 
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images help learners understand and remember complex information and abstract 

concept relationships in a more concrete manner than abstract words (Armstrong, 2003). 

A study on the use of concept maps as a curriculum development aid for a 

knowledge-based science teaching model (Romance & Vitale, 2001) indicated that the 

continual enhancement of concept maps throughout the process provided both teacher 

and student a means of tracking the development of content acquisition and 

understanding. The concept maps kept the students focused on the core elements within 

the content and the hierarchal organization of the concepts.  

Shavelson et al. (2005) referred to a conceptual framework for student 

achievement focused on various types of knowledge. Declarative knowledge refers to 

factual or conceptual knowledge and is the knowledge type addressed in the study. The 

researchers showed that degree of declarative knowledge can be reliably measured by 

multiple-choice and short-answer questions. The structure of declarative knowledge is 

more effectively analyzed with concept maps which provide a visual representation of 

the connected understandings within a particular content. The study also demonstrated a 

number of measures which can be shown through concept maps: representation of 

knowledge acquired over a period of time, interrelationships of newly acquired 

knowledge with prior knowledge, and changes in conceptual understandings as a result 

of instruction. Shavelson et al. (2005) related this to Chi, Glaser, and Fall’s (1988) 

conclusions that one aspect of expertise is related to the organization of knowledge in 

elaborate structures while novices have less content knowledge arranged in a less 

coherent manner. These conclusions about expertise also relate to successful students 

who have well developed and organized knowledge structures. Concept maps provide a 
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unique body of information about how students integrate new information into their 

existing declarative knowledge. 

In a review of the use of concept maps in science, Ruiz-Primo and Shavelson 

(1996) found consistent correlation between quality of concept maps and other measures 

of student achievement (class grades, standard tests, and teacher-made tests). They also 

found that concept maps could be used to distinguish between experts and novices 

within a content area. 

Enger (1996) conducted a pilot study to explore concept mapping as an 

assessment tool. The participating teachers scored student concept maps using the 

“Expert Science Teaching Educational Evaluation Model (ESTEEM) Concept Mapping 

Scoring Rubric.” This instrument is one of six developed through a project for the U.S. 

Department of Education’s Office of Educational Research and Improvement. 

Interviews with the participating teachers indicated that the scoring rubric was restrictive 

as a tool and that scoring concept maps is a subjective process. Qualitative inspection 

and analysis of the maps showed evidence of misconceptions and growth in student 

understanding. The researchers concluded that since concept maps are a personal 

construction of understanding, a concept map would seem to warrant a personal, in-

depth analysis. 

A year-long study of preservice teachers during their last semester of coursework 

and their internship examined changes in the participants understanding and organization 

of knowledge (Jones & Vesilind, 1994). Concept mapping was used as the tool to 

examine knowledge structure. The participants created concept maps on the topic of 

“effective teaching” four times during the course of the study. Following each phase the 



 29  

prospective teachers were given the previous map and asked to decide if they would 

organize their knowledge in a different way, they were given the opportunity to revise 

the previous map or redraw it. The structured interviews following the mapping process 

were very helpful in guiding the teachers’ own reflection. Analysis of the concept maps 

and interviews indicated the preservice teachers showed dramatic changes in their 

understanding of pedagogical knowledge during student teaching.  

A study on self-assessment (Mok et al., 2006) examined a metacognitive 

approach for teacher education students, using five case studies in which the students 

self-assessed at the beginning, middle, and end of their program. Two metacognitive 

methods were utilized, the Know-Want-Learn (KWL) method and concept mapping. In 

the KWL method, students were asked to complete a chart using the three questions: 

What do you know about this topic? What do you want to know about this topic? What 

did you learn about this topic? The first question activates prior knowledge, the second 

one offers motivation to learn, and the third provides the self-assessment of learning. 

This method raises awareness of the learning process.  

The metacognitive method of concept mapping allowed the students to 

graphically represent their learning. Analysis of the concept maps drawn by participants 

gives specific evidence of an increase in depth of understanding. Reflections of the 

participants at the end of the study indicated that the strategies had assisted their 

metacognition and self-directed learning. Many participants reported being better able to 

both organize their learning and relate new knowledge to existing knowledge. Students 

also reported development of the habit of self-reflection on their learning.  
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Concept maps provide a visual, graphic way of representing knowledge and 

relationships. Studies on the use of concept maps indicate their effectiveness as an 

organizational tool, as a means of assessing prior knowledge and as a way of showing 

changes in conceptual development. Concept maps are effective for preservice teachers 

in science methods courses as a way of showing structural knowledge. The process of 

creating a concept map includes reflection about the ideas and their relationships and 

strengthens the metacognitive reflective practice. The strategy of concept maps appears 

to be a valid method for studying preservice teachers’ understanding of science content 

knowledge and teaching practice. It also offers a metacognitive strategy for developing 

the practice of reflective thinking.  

Conclusion 

An excellent example of the key points presented in this chapter is found in a 

case study of a primary science teacher recognized as an expert practitioner (Traianou, 

2006). Although this study examined a practicing teacher, it has implications for 

preservice teachers and the educators charged with preparing them for the classroom. 

The data were collected over a period of 2 years and included interviews, teacher 

writings, reflections, documents, and classroom observations. The researcher was 

interested in the teacher’s beliefs about the learning and teaching of science and her 

subject knowledge in connection to its role in her teaching. The teacher indicated that the 

aim of her science teaching was to help children become “really scientifically literate” 

(p. 67). She correlated the students’ understanding to her own development during her 

teacher education program. She saw her role as guiding students through metacognitive 

awareness: “their ability to reflect on their own understanding and guide future learning 
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on the basis of what is learned” (p. 67). She stressed several times the importance of 

developing students’ skills in understanding. The teacher often placed herself within the 

community of learners exploring together with the children to discover explanations for 

the problems encountered. The researcher indicated that a key finding about expertise is 

the combination of the teacher’s eclectic nature of teaching and the practical character of 

her approach. As a teacher, she was guided by her beliefs about teaching and learning 

and by her value commitments about the goals of science teaching. The researcher 

concluded that expertise necessarily depends to a large extent on experience, wisdom, 

content knowledge, and judgment. 

The initial intent of this review of the literature in the field of pedagogical 

knowledge, metacognition, and concept mapping was to begin with a broad perspective 

and narrow it down to some specific ideas and methods. The literature did fall into that 

pattern, yet each study seemed to also relate directly back to the notion of quality 

teachers. Teacher qualifications and quality or expert teaching have a direct impact on 

student learning and achievement.  

The problem this study sought to research is the possible connection between the 

metacognitive strategy of concept mapping and preservice teachers’ perceptions of their 

understanding of science content and pedagogical knowledge. Since there is so much in 

the literature regarding teacher perceptions of teaching and learning, the area of 

preservice teaching programs seems to be the most likely spot to incorporate the 

researchers’ suggestions as well as to conduct further research to serve as a foundation 

for improvement of teachers entering the profession. 
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CHAPTER 3  

METHODOLOGY 

The purpose of this basic qualitative research study was to explore possible 

connections between preservice teachers’ perceptions of knowledge of both science 

content and pedagogy and the metacognitive strategy of concept mapping in a university 

science methods course. As a basic qualitative study (Merriam, 1998), this is exploratory 

research seeking to discover the perspectives of the participants involved. The unit of 

analysis was the individual participants in the study and their perceptions of science 

content, teaching practice, and reflective practice, generated through the various data 

collection methods. Qualitative research was an appropriate method for this study since I 

am interested in the constructed meanings of the participants, the researcher is the 

primary instrument for data collection and analysis, and the research involves fieldwork 

(Merriam, 1998). 

 This study contributed to the knowledge base about effectively preparing 

teachers to enter the classroom by addressing the following research questions: 

1. How do preservice teachers use concept maps to indicate their organization and 

understanding of science content knowledge? 

2. How do preservice teachers use concept mapping to indicate perceptions of 

teaching practice (planning, instruction, assessment)? 
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3. How does concept mapping influence preservice teachers’ perceptions of their 

reflective processes? 

4. How do teachers who are experienced in using concept maps talk about the 

purpose and practice of using concept maps? How does this compare with the 

preservice teachers’ perceptions of concept map usage? 

These questions were addressed through a qualitative design that utilized 

interviews, observations, and document analysis. Since I sought to understand preservice 

teachers’ perceptions of their science content understanding, teaching practice, and 

reflective processes, interviews with the participants as well as observations provided a 

variety of meaningful data for analysis. Documents, particularly participant-generated 

concept maps, provided an additional analysis tool for visual graphic evidence of change 

in perceptions.  

Sampling Plan 

Site 

Preservice Teachers in University Course 

The site for this study was a small university in a Southeastern urban area. The 

university is a private, 4-year, co-educational, institution offering associates, bachelors, 

and masters degrees. I selected this university for my study because of the diversity of 

the population and the numbers of elementary education graduates from this school.  

At this site, a required education course in methods of teaching science for elementary 

education majors was chosen to conduct observations and identify participants. This 

science course was chosen for this study because it is generally taken later in a student’s 

coursework, when students are preparing themselves for internship. The students have 
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had the majority of the education foundation courses needed to develop an 

understanding of the teaching and learning process. The course includes components of 

concept mapping as a teaching and learning strategy that is beneficial to the 

understanding of science, making it an effective site for this study. 

Practicing Teachers Experienced in Concept Mapping 

This group consisted of nine experienced educators connected with a moderate- 

sized independent school in the Southeast. The school has 580 students from pre- 

kindergarten through high school. The school is known for the strength and rigor of its 

academic program and its focus on leadership, ethics, and character as underlying 

principles for the school community. The school was selected because of its philosophy 

of “encouraging students to meet academic challenges, understand the application of 

their learning, and perceive interdisciplinary relationships while taking intellectual 

risks.” The faculty is considered innovative, and the graduates have been accepted at 

prestigious colleges and universities all over the world. 

Participants 

Criteria for Participation 

 Preservice teachers. Students were enrolled in the science methods course for 

the semester in which data were collected. Seven students were enrolled in the course. 

All students in the course volunteered to participate in the study. This was a purposeful 

sample since the course and subject were specifically selected because of the concept 

mapping component. 

 Experienced teachers. A second group of participants was selected for the focus 

group interview of practicing teachers experienced in using concept maps. These 
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teachers had been using concept maps from 5 to 25 years. They volunteered to 

participate in the study after receiving an e-mail invitation. This was a purposeful sample 

since the teachers were identified as being experienced in the use of concept maps. 

Procedures for Participant Selection  

Preservice teachers. The researcher described the study and explained the data 

collection process, the degree of involvement, and confidentiality of the findings (see 

Appendix A). This introduction took place for all students in the science methods course. 

Seven students in the course were willing to participate, thus constituting a voluntary 

sample.  

Experienced teachers. The researcher contacted two colleagues with whom she 

had consulted during the pilot study. Those educators provided the researcher with 

contact information for other faculty members from their school who were experienced 

in concept map usage. Fifteen teachers were invited through e-mail contacts from the 

researcher and one of the faculty members of the school. Nine faculty members were 

available to participate in a single focus group interview conducted at the school.  

Role of Researcher 

As the researcher in this study, I took the role of participant observer because of 

personal background and experience with concept mapping. The participant role 

occurred primarily at the early stages of the research because the instructor of the course 

felt it would be beneficial for me to teach the introduction and background information 

for concept mapping. This provided the participants with practice in creating concept 

maps, a necessary component in order to feel comfortable using this strategy. One key 

element of effective use of concept mapping techniques is the time needed to learn and 
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practice them. The presence of the researcher was an intervention, in that I provided the 

additional concept map component for the class, serving as both instructor and observer. 

Phases of Research 

 This research study consisted of five phases. The first one was entry into the site. 

This was accomplished through consultation with the professor of the course selected, 

receiving permission of the administration to conduct the research at the school, and 

complying with the Institutional Research Board procedures. Finally, the researcher was 

introduced to the students in the course. 

 The second phase included the participant observer portion of the research. As 

guest instructor for the concept mapping component, I introduced the background and 

use of concept maps and then observed the students as they created group maps. This 

phase included explanations of both the research study and the two individual concept 

maps the students were to create for the course and the study (see Appendix A). 

 The third phase of the study included the interviews with the participants. There 

were individual interviews followed by a focus group interview. These interviews took 

place after the participants completed the two individual concept maps and the 

researcher completed an initial analysis of the maps. 

 The fourth stage of the study included a single focus group interview with 

practicing teachers experienced in the use of concept maps. During the interview, the 

participants scanned the preservice teachers’ concept maps and offered comments. Two 

of the experienced teachers then completed a more in-depth analysis. 

 The final stage of the study was analysis of the data. This process was on-going 

throughout the study and was refined and reanalyzed at each stage of the research. 
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Data Sources 

Interviews 

The interviews for this study consisted of individual interviews with the seven 

preservice teachers in the university course and a focus group with this group of 

participants. A second focus group interview was conducted with nine practicing 

teachers experienced in concept mapping. 

Preservice teacher interviews. Confidential individual interviews were conducted 

and audiotaped with seven participants in order to give them the opportunity to express 

their perspectives on teaching science and the use of concept maps in that teaching. The 

participants were interviewed for approximately 30 minutes each in an office on campus 

to assure confidentiality as well as convenience for the participants. The interviews took 

place after they had completed their second concept map for their science content 

activity. Participants were invited to share their perspectives on their own learning of 

science content and pedagogy. Interviews were a valuable source of information because 

this study relied on individual perceptions and reflections. An interview protocol was 

followed in order to ensure consistency among the interviews, although some latitude 

was allowed for possible tangential commentary (see Interview Protocol, Appendix C). 

The interviews incorporated a paraphrase strategy so that participants knew that I fully 

understood their comments. Interviews were audiotaped for accuracy in order to reduce 

any loss of content or detail (Weiss, 1994). They were transcribed verbatim within 2 

days of the interview. Additionally, researcher field notes were taken during the 

interviews in order to note body language, gestures, and anything which would not be 

recorded in the audio tape. Each participant was asked to review the interview transcript 
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for member checking to assure the trustworthiness of the process. I shared with each 

participant a one-page summary of my initial analysis for participant review. This 

analysis described preliminary themes identified from the interview. The purpose of this 

participant review was to confirm and clarify preliminary findings. 

 A focus group interview was conducted with the participants in order for them to 

engage in conversation regarding the concept mapping activities and to share their 

perceptions of classroom interactions. The focus group included six of the seven 

participants; one student was ill the day of the interview. This interview was 45 minutes 

and was audiotaped for accuracy. This interview took place within a week after all the 

individual interviews had been completed and was transcribed verbatim within two days 

of the interview. The interactions among the participants as they responded and shared 

with each other provided them the opportunity to react and respond to others’ thoughts, 

and allowed them to affirm and challenge their own ideas. This interview gave the 

participants the opportunity to discuss pedagogical processes with colleagues; this was 

an important insight from the pilot study participants. The interview addressed the third 

research question dealing with perceptions of reflective processes. The focus group 

interview was audiotaped for accuracy. A focus group protocol was followed (see 

Appendix D). 

 Practicing teacher interview. A focus group interview was conducted with nine 

practicing teachers experienced in concept mapping in order for them to engage in 

conversation regarding the purposes and practices of concept map usage in their 

experiences. This interview took place after the interviews with the preservice teachers 

had been completed. This interview lasted one hour; it was conducted in a classroom on 
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their campus and was audio-taped for accuracy. The interview tape was transcribed 

verbatim within 3 days after the interview. Researcher field notes were taken during the 

interview in order to note body language, gestures, and anything which would not be 

recorded in the audio tape. This interview gave the teachers the opportunity to discuss 

and share effective practices and respond to each others’ comments. This interview 

addressed the fourth research question regarding the purpose and practice of experienced 

teachers’ concept map usage (see Second Focus Group Protocol, Appendix E).  

Observations 

Observations were conducted during the regular classroom time in order to 

describe classroom interactions and student response to the group and individual concept 

mapping activities. Three observations took place for a total of 6 hours throughout the 

semester. Observations occurred during any concept mapping activity which took place 

throughout the course. 

The first observation took place when the students were first asked to create a 

concept map. This was an introductory activity directed by the professor intended as a 

method of sharing information about themselves with other class members. The purpose 

of this observation was to generate data about student questions and responses to the 

activity and to determine the types of maps created before the specific lesson on concept 

mapping. 

The second observation was conducted immediately after the students were 

introduced to the background and use of concept maps. This was a small group concept 

mapping activity assigned as a component of the introductory lesson.  
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The third observation took place when students were asked to review the content 

material they selected for their lesson and create a concept map of the ideas found in the 

material. This activity was part of a class assignment given by the professor.  

These observations provided a contextual reference for the concept mapping 

activities within the classroom and set the framework for participant understanding of 

the skills involved in creating concept maps. Observations provided an initial reference 

for the first research question regarding the use of concept maps for organization of 

content knowledge. Observation protocols developed during the pilot study were adapted 

to establish an understanding of the physical, social, and pedagogical elements of the 

class interactions being observed (see Observation Protocols, Appendix B). 

Documents and Artifacts 

Participant generated artifacts. In order for the participants in this study to be 

able to relate the creation of a concept map with something which was meaningful to 

them, I met with their professor to determine a format for a template for them to use. 

One of their assignments for the class was to use the State Standards, Big Ideas, and 

Benchmarks to create a lesson and teach it to their class. The following template was 

created in order to serve the needs of the course and the professor while providing the 

researcher with an effective tool for examining preservice teachers’ use of concept maps. 

The template links state science standards to both science content and teaching strategies 

for the specific lesson. Since we wanted the students to include both content information 

and teaching strategies for their lesson plans and for their map, I created the following 

template for them to use as a guide (Figure 1, Appendix I):  
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Figure 1. Concept map template 

One advantage of the template format was to keep their selected Big Idea and 

Benchmarks at the center of the plan. There is a section of the map on the right for them 

to include the specific content area needed. The left section of the template provided 

them with places to include all the teaching information needed for the lesson; resources, 

teacher behavior, student behavior, assessment opportunities, and pedagogical strategies. 

They were directed to add as much detail in the way of additional nodes as they felt 

necessary to create a thorough rendition of the lesson. 

The students created two concept maps using this template, the first one (pre) 

was after they had selected the Big Idea and Benchmarks they wanted to use for their 

lesson. Their selection was based on grade level and science content they felt 

comfortable using as a lesson for class. The first map included their initial ideas and 

prior knowledge about the content and teaching strategies best suited for that content. 

This map was created in class using markers and chart paper.  



 42  

The second map was created after they had done the research and preparation for 

the class presentation of the lesson. This map was created on their own using a medium 

they felt most comfortable with. Since the students had used Inspiration for other class 

assignments they were encouraged to use that if desired. Several students did; one 

student created the map with markers and large poster paper and several used other 

computer programs to create their maps.  

 External documents. Additional documents were examined to determine the 

usage and context of concept maps within the course and the expectation of the 

instructor regarding concept maps. Documents included the course syllabus, course 

texts, and additional handout material provided by the instructor for clarification of the 

topics (see Document List, Appendix G; Document Summary, Appendix H). 

Data Analysis 

Data analysis is an ongoing process in a qualitative research study. During the 

course of data collection, I wrote analytic notes for observations and interviews. These 

memos included my perspectives and ideas regarding possible codes and themes along 

with potential links to the theoretical framework for this study. Within this study, the 

primary data sources were interviews and document analysis, particularly the 

participant-generated concept maps; however, any classroom interactions regarding 

concept maps and their uses added to my understanding of the participants’ ideas 

regarding concept maps. The participants’ reflections in both interview and written 

documents provided particularly worthwhile data as those personal observations 

indicated participant perspectives and insight regarding the reflective process. Initial 

analysis began with examination of individual maps and responses. Final interpretation 
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consisted of both individual level analyses and combined analyses across participants 

depending on the occurrences of common themes. I re-evaluated the data sources for 

each participant’s commentary and perspective on those categories. This process served 

to clarify the identification of participant perspectives. 

The themes used for analyzing the concept maps were content, strategies, and 

design. The following sub-themes were included within strategies: resources, teacher, 

student, assessment, and pedagogy. The maps were analyzed using the Concept Map 

Holistic Rubric (see Appendix J). 

Analysis of all data sources and interaction with the data included a search for 

possible theme categories based on the findings from the pilot study. The first reading of 

the interview transcripts was done with the list of categories from the pilot study; 

organization of content, relationships between ideas, content understanding, teaching 

practice, reflection, and thinking processes. Along with this category list I had a box of 

colored pencils to mark passages which related to each of these categories. While 

making this first analysis, I determined that there were other categories which related to 

the research questions. These new categories were: planning, student understanding, and 

visual components. I made notes of them and read through the transcripts again to mark 

those categories. All the categories were re-analyzed for relationships within the 

categories; this resulted in a number of codes within each category. The next reading of 

the transcripts included marking passages for the codes; many of the comments applied 

to several codes. The next step was to write the comments on cards for each category 

and code, and then sort them by category and code (see Table 1). 
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Table 1. 

Categories and Codes 

Categories Codes within each category 
Content 
understanding 

Concept map, organization-visual, organization-guide, teacher’s 
role, teaching skill, teaching perception, teacher confidence, 
developing understanding, making connections, student 
understanding, prior knowledge, challenging issue, overview 
perspective. 
 

Organization Visual representation, visual guide, sequence, planning, specific 
organization, student understanding, general, challenging issue, 
overview perspective. 
 

Planning Content understanding, teacher strategy, teaching skill, sequence, 
student understanding, specific organization, reflection, visual 
representation, challenging issue, overview perspective. 
 

Comparison Content, process, visual, reflective, challenging issue, overview 
perspective. 
 

Connections Developing understanding, student understanding, sequence, links, 
challenging issue, overview perspective. 
 

Learning  
process 

Learning preferences, comparison, visual, mapping process, 
content development, student understanding, reflection, 
challenging issue, overview perspective. 
 

Student Student understanding, teaching strategy, learning process, 
connections, assessment, organization, challenging issue, overview 
perspective. 
 

Visual Comparison, connections, color, organization, learning preference, 
links, reflective, process, challenging issue, overview perspective.  
 

Teaching  
practice 

Planning, student understanding, content understanding, teacher 
growth, teaching strategies, organization, assessment, reflective, 
challenging issue, overview perspective. 
 

Reflection Learning process, teacher confidence, personal observation, visual 
representation, organization, content knowledge, mapping process, 
assessment, connections, teacher understanding, student 
understanding, challenging issue, overview perspective. 
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Creating a concept map for each category was the next step. This allowed me to 

see the relationships between codes within each category. This also allowed me to 

determine any hierarchical sequences within the categories. I was able to use the cards to 

look for links across categories. I next sorted the cards according to participant, then by 

category within each participant. I re-evaluated the data sources across categories for 

each participant’s commentary and perspective on those categories. This process served 

to clarify the identification of participant perspectives. 

Data were entered into concept maps for each code and cross-referenced for 

interrelationships across categories. These maps were used to reveal patterns across data 

sources and categories. 

Interviews 

Transcriptions of individual and focus group interviews were reviewed and 

analyzed to determine possible commonalities and relationships. The initial level of 

analysis was descriptive in nature. Then the commonalities were used to construct 

categories or recurring themes across the data. 

The analysis of individual and focus group interviews related to the first research 

question regarding the uses of concept maps to indicate organization and understanding 

of science content knowledge, the second research question regarding the use of concept 

maps to indicate perceptions of teaching practice, and to the third research question 

regarding the influence of concept mapping on preservice teachers’ reflective processes. 

Observations 

Observations provided a contextual reference for the concept mapping activities 

within the classroom and set the framework for participant understanding of the skills 
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involved in creating and using concept maps. Observation notes and transcriptions of 

class participation in concept mapping activities were examined for data regarding 

participant reactions to the construction and use of concept maps. I kept field notes 

regarding student comments and classroom actions. These observations provided an 

initial reference for the first research question regarding use of concept maps to organize 

science content knowledge, as well as the second research question regarding the use of 

concept maps within teaching practice. 

Document and Artifact Analysis 

Participant generated artifacts. Concept maps generated by participants were 

analyzed using a holistic rubric (see Concept Map Rubric, Appendix J). The primary 

purpose of this analysis was to examine the nature of progression of content 

understanding as expressed through these two concept maps. The rubric provided a basis 

for analysis of the maps in terms of content understanding, arrangement of ideas 

showing relationships, and concept map design. The maps were analyzed by the 

researcher, by the participants themselves, and by two outside elementary science 

instructors. The participants were asked to self-analyze their maps in order to clarify 

perceptions of their progression of understanding of science content. The participants 

were asked to comment in the individual interviews and focus group interviews on the 

use of concept maps for content understanding, for teaching practice and for reflection 

on teaching practice.  

The two outside science instructors were asked to analyze the maps to provide 

inter-rater reliability. I met with these instructors to discuss their analysis of the maps 

and determine points of similarity among the analyses. These instructors are 
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knowledgeable in the area of science content and in the use of concept maps in the 

classroom. 

External documents. Additional documents were analyzed to examine the uses 

and context of concept maps within the course and to enhance understanding of student 

usage of concept maps. Course texts, course syllabi, and other handouts from the 

instructors provided data on expected use of concept maps within the course and within 

current science curriculum.  

Validity and Reliability 

Triangulation was incorporated into this study through the use of a number of 

different data sources and methods in order to give more credibility to the conclusions 

and to provide a broader understanding of the issues. The interview protocols, 

observation settings, and concept map analyses were pre-tested in the pilot study. 

External experienced practitioners were used for concept map analysis and 

corroboration, referred to by Merriam (1998) as peer examination. An intervention 

procedure was used in this study in order to observe the process of change in behavior 

and perceptions and to analyze ideas about concept mapping. A careful documentation 

of data collection, category determinations, and decisions made in reference to this study 

provided an audit trail. 

Inter-rater reliability. Each concept map, a pre- and post- map from each of 

seven participants, was analyzed using the Concept Map Holistic Rubric (see Concept 

Map Holistic Rubric, Appendix J) by each of three raters. The rubric provides analysis 

for Content, Strategies, and Design across a progressive scale ranging from Beginning, 

Emerging, Proficient, to Exceeding. The raters were practicing teachers experienced in 
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the use of concept maps. One teacher conducts professional development on the use of 

concept maps, and the second one mentors teachers and is a learning strategy specialist 

for the school. The raters volunteered to analyze the concept maps and were part of a 

focus group of experienced teachers interviewed for this study. The purpose of having 

the raters analyze the concept maps with the rubric was to establish the usefulness of the 

rubric as an analytical tool. This rating also established whether multiple raters using the 

same rubric can determine similar levels of participant understanding on a concept map, 

to see if what I saw in a participant’s map matched what another rater identified. The use 

of multiple raters provided a precaution against the possibility of researcher bias. 

In qualitative research, validity is considered to refer to the credibility of the 

descriptions of phenomena. It has to be discussed in terms of the relationship to the 

purposes and contexts of the research (Maxwell, 2005). Using this commonsense 

approach, I believe I have addressed possible validity threats. I have incorporated 

respondent validation into the study to avoid possible misinterpretations of responses. 

The possibility of researcher bias is clearly identified as a potential limitation of this 

study. Certainly, another researcher with a different perspective could arrive at other 

conclusions based on analysis of the same data. Since the world of education is highly 

contextual, so are the findings of a study of this nature. 

I am making no claims for external validity or generalizability for this study. To 

do so would discredit the real value in a study of this nature, which is intended to 

demonstrate the perceptions of a limited number of prospective teachers as they prepare 

themselves for their classroom experiences. 



 49  

 

 

   
CHAPTER 4 

FINDINGS 

 This purpose of this study is to explore possible connections between preservice 

teachers’ perceptions of knowledge of both science content and teaching practice, and 

the metacognitive strategy of concept mapping. Through observations, individual 

interviews, focus group interviews, concept map creation and analysis, and reflections of 

the participants, the findings of this study relate to the research questions with regard to 

content understanding, teaching practice, and the metacognitive strategy of reflective 

practice. The final section of Chapter 4 compares the ideas of the preservice teachers to 

the purposes and practice of teachers experienced in the use of concept mapping.  

Research Questions: 

1. How do preservice teachers use concept maps to indicate their organization and 

understanding of science content knowledge? 

2. How do preservice teachers use concept mapping to indicate perceptions of 

teaching practice (planning, instruction, assessment)? 

3. How does concept mapping influence preservice teachers’ perceptions of their 

reflective processes? 

4. How do teachers who are experienced in using concept maps talk about the 

purpose and practice of using concept maps? How does this compare with the 

preservice teachers’ perceptions of concept map usage? 
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 The participants in this study were seven students in a science methods class 

offered at a small private university. There were six females and one male student, all in 

their 3rd or 4th year of college and planning to do their student internship within the next 

two semesters. These students had created concept maps in a technology course in their 

program. Five of the students had used concept maps in middle or high school, but with 

limited applications. One of the students had used concept maps with students in his 

field experience courses. 

The instructor of the course felt it would be beneficial for me to teach the 

introduction and background information for concept mapping due to my personal 

background and experience with concept mapping. This provided the participants with 

practice in creating concept maps, a necessary component in order to feel comfortable 

using this strategy. One key element of effective use of concept mapping techniques is 

the time needed to learn and practice them. The presence of the researcher is itself, in 

many ways, an intervention; in this case the intervention is the additional concept map 

component for the class with the researcher as both instructor and observer. 

  As guest instructor for the concept mapping component, I introduced the 

background and use of concept maps, and then observed the students as they created 

group maps (see Lesson Plan, Appendix E). This phase included explanations of both the 

research study and the two individual concept maps the students were to create for the 

course and the study. 
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Introduction: Concept Map and Interview Analyses 

In order for the participants in this study to be able to relate the creation of a 

concept map with something which was meaningful to them, I created a template (see 

Appendix I) for the participants which included both content information and teaching 

strategies for the lesson assignment required for their course. One of their assignments 

for the course was to use the State Standards, Big Ideas, and Benchmarks to create a 

lesson and teach it to their class. This template kept their selected Big Idea and 

Benchmarks at the center of the plan. The right side of the map template provided them a 

space to insert content information for the lesson. The left side of the map template 

provided space for the various elements of teaching the lesson. They were directed to 

add as much detail in the way of additional nodes as they felt necessary to create a 

thorough rendition of the lesson. 

The students created two concept maps using this template; the first one (pre-) 

was after they had selected the Big Idea and Benchmarks they wanted to use for their 

lesson. Their selection was based on grade level and science content they felt 

comfortable using as a lesson for class (see Table 2). The first map included their initial 

ideas and prior knowledge about the content and teaching strategies best suited for that 

content. This map was created in class using markers and chart paper.  

The second map (post-) was created after they had done the research and 

preparation for the class presentation of the lesson. This map was created on their own 

using a medium they felt most comfortable with. Since the students had used Inspiration 

for other class assignments they were encouraged to use that, if desired, and several 
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students did. One student created the map with markers and large poster paper (it was 3’ 

by 4’) and several used other computer programs to create their maps.  

In order to address research question one regarding the use of concept maps to 

indicate organization and understanding of science content, and research question two 

regarding the use of concept maps to indicate perceptions of teaching practice, I 

analyzed each participant’s pre- and post-concept maps. Each of the participant concept 

maps were analyzed using the concept map rubric (see Appendix J) by this researcher 

and two outside reviewers experienced in concept map practice in the classroom (see 

sample Concept Map Analysis, Appendix J). This provided an analytical comparison 

between each set of concept maps. Each participant then compared their two maps 

during the interview.  

Table 2. 

Content Areas Selected by the Participants 

Participant Content Area Selected, Grade Level 

Betty The Water Cycle: 5th Grade 

Marie States of Matter: 3rd Grade 

Jennifer Changes in Matter: 4th Grade 

Heather Life Cycles: 4th Grade 

Keith Five Senses: Kindergarten 

Lori Water Cycle: 5th Grade  

Rose Heat Transfer: 4th Grade 
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Concept Map Analysis by Participant 
Table 3. 
Rubric Analysis Comparison of Betty’s Concept Maps 
 Rater 1 Rater 2 Researcher 
Map 1    
Content Beginning Beginning Beginning 
Strategy Beginning Emerging Emerging 
Design Emerging Proficient Proficient 
Map 2    
Content Emerging Emerging Emerging 
Strategy Emerging Emerging Emerging 
Design Proficient Proficient Proficient 

 

Betty: Map 1 Analysis (see Appendix L) 

Content. Betty included three subtopics under her main idea. Those subtopics 

were very general. There was no other specific information or additional subtopics. 

Strategies. Betty showed an indication of the strategies to be used for this lesson. 

Her Resources section listed three items. Her section for indicators of student learning 

only listed what they would learn, not how the teacher would know what was learned. 

She had one listing under the Pedagogy category. 

Design. Betty indicated a good understanding of concept map design. Although 

she did not include subtopics beyond the template, she showed specific differentiation 

among sections of the map and subtopics through the use of different colors and 

different shapes.  

Betty: Map 2 Analysis (see Appendix M) 

Betty included two lessons on her map. The two lessons are successive 

benchmarks of the same Big Idea. Betty followed the provided template in a general 

manner but left out parts of the template. 



 54  

Content. The information in the map is relevant to the main idea but with little 

additional detail. Content for both lessons is sketchy, the information given is accurate 

but very little specific detail provided. There is little explanation of terms or concepts.  

Strategies. Betty omitted parts of the template in the Strategies section of the 

map. Her Resources link listed 12 books, no other resources, and no explanation of how 

the books are to be included in the lessons or their connection to the lessons. Her 

Pedagogy link listed three strategies which are appropriate to this content. Betty’s 

Assessment section indicated appropriate assessment strategies for this lesson. 

Design. The symbols in Betty’s second concept map are arranged logically. Even 

though there are two lessons included on the map, it is easy to determine each of the 

lessons included and to differentiate between the Content and Strategies sections of each 

lesson. Most of the linking lines are labeled; there are not directional arrows on the links. 

The connections between the symbols are generally clear. Color and shape are not used 

as differentiation between sections of the map. Many of the items on the template 

provided were not used in this map so the sequence and arrangement of the map was not 

initially clear; it required some focus and concentration to see the arrangement. 

Betty: Comparison of Two Maps 

Betty’s second (post-) map contains more content information; however, it also 

covers two lessons instead of a single one, and she offered no explanation for including 

two lessons. The additional information indicated a more thorough understanding of the 

content selected for this lesson. Her map format indicated an understanding of the 

concept mapping process. Betty gave a lot of thought about how to include the 

information for her second map in order to make it clear. Both maps have labels on the 
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links for clarification. Betty’s second map indicated a better understanding of both 

science content and the teaching practices needed for that content. 

Table 4. 

Rubric Analysis Comparison of Marie’s Concept Maps 
 

 Rater 1 Rater 2 Researcher 
Map 1    
Content Emerging Emerging Emerging 
Strategy Emerging Emerging Emerging 
Design Emerging Emerging Emerging 
Map 2    
Content Proficient Proficient Proficient 
Strategy Proficient Proficient Proficient 
Design Exceeding Proficient Exceeding 

 
 

Marie: Map 1 Analysis (see Appendix N) 

The Content information in Marie’s map is very general; there one subtopic level 

from the main topic. This subtopic level has three nodes, solid, liquid, gas. Each of those 

nodes includes a basic definition of the term. The Strategies section of her map also has 

one level of subtopics for each listing: Resources, Pedagogy, Teacher, Student, Learned. 

Marie: Map 2 Analysis (see Appendix O) 

Content. The information included in Marie’s diagram is relevant and appropriate 

to the main idea. The content included is specific; however, there could be more detail 

included for clarification. 

Strategies. Marie included information on the diagram which is relevant and 

appropriate to the main idea. There are multiple resources listed which are relevant to the 

topic but are not specific. None of the resources indicate how they fit into the lesson. Her 

section on teacher behaviors is general with no specifics about what the teacher actually 
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does to accomplish these things. Her section on student behaviors is clearer about what 

the students will actually be doing during the lesson and includes effective ways of 

engaging students. One of the strategies she lists, “working in groups,” does not indicate 

specifics about group work. She also indicates that students will “record observations 

and data in science notebook.” This is specific; the assumption is that students would 

have been taught how to do this at the beginning of the year. Marie included a wide 

variety of assessment strategies which would provide multiple indicators of student 

learning. She also included appropriate pedagogical strategies for this lesson. 

Design. Marie showed a definite understanding of the use of design elements in a 

concept map. The symbols are arranged logically; each subtopic flows from the main 

topic. She followed the template but added subtopic levels and utilized the graphics in 

the program (Inspiration, 2006) to enhance the map. Her use of arrows, images, and 

symbols allowed her to determine exactly what she was looking for when she viewed the 

map. The subtopics are linked to topics with both arrows and linking words. The 

subtopics are organized and well defined. She used a variety of symbol shapes and 

colors to clearly differentiate levels and categories on the map. Marie’s map is clear and 

very easy to read and follow. 

Marie: Comparison of Two Maps 

Marie’s first concept map on Properties of Matter contains very basic content 

information; her second one includes definitions and examples with graphics for 

clarification. The strategies portion of Marie’s second map indicates a much clearer 

understanding of the teaching practices she will need in order to carry out this lesson. 

Her second map shows three subtopics for Resources with three items listed for each 
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one. Her topic for teacher behavior has two levels of subtopics, her three topics for 

student behaviors are thorough, and her assessment and pedagogies topics are thorough 

and specific. Marie also makes effective use of color and graphics for differentiation in 

her second map. Marie’s second map indicates an increased understanding of both 

content knowledge and teaching practice. 

Table 5. 

Rubric Analysis Comparison of Jennifer’s Concept Maps 
 

 Rater 1 Rater 2 Researcher 
Map 1    
Content Beginning Beginning Beginning 
Strategy Beginning Beginning Beginning 
Design Beginning Beginning Beginning 
Map 2    
Content Proficient Proficient Proficient 
Strategy Proficient Proficient Proficient 
Design Exceeding Proficient Exceeding 

 

Jennifer: Map 1 Analysis (see Appendix P) 

Content. Jennifer indicated the main idea and first level of subtopics. She has 

included very little detail to clarify the subtopics. Her Previous and Next topics are also 

very basic, generic. She does not indicate any possible additional subtopics. 

Strategies. Jennifer has included the basic information from the template, but no 

additional data are provided. Her topic Knows What Students Learned indicates two 

things students are to learn; however, there is no information about how the teacher 

knows what was learned. The Resources topic is generic. There is no information 

provided about pedagogical strategies. 
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Design. Jennifer has included only the categories shown in the template, with no 

additional symbols or links. She indicates some visual differentiation between the levels 

and sub-levels of topics through the use of color and various shapes. Her shapes are 

indicative of the sub-topic. 

 Jennifer: Map 2 Analysis (see Appendix Q) 

Content. The information in the Content area of map is relevant to the main idea, 

and is appropriate for grade level. The content included is specific but not complex. 

Topics and subtopics in the map are clearly explained. 

Strategies. The information included in the diagram is relevant to the main idea 

and appropriate for the lesson. She has a good variety of resources listed although she 

gives no specifics as to how these will be used in the lesson. Jennifer lists a variety of 

assessment strategies which are appropriate for the content and grade level. 

Design. Jennifer’s entire diagram is well organized, it is very easy to read and 

follow. The symbols are arranged logically. She followed the template and added 

enough subtopics to clarify each section of the map. Most of the linking arrows are 

labeled and link topics in a well organized manner. All symbols are clearly categorized 

and marked for easy differentiation. There is effective use of a variety of shapes and 

colors to show both connections and differences. She also used graphic images to further 

clarify sections of the map. She printed the map on three pages which fit together 

horizontally. 

Jennifer: Comparison of Two Maps 

 Jennifer’s second concept map shows a progression in both content knowledge 

and teaching practice for that content. Her first map has limited content information, 
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while the second one has more specific grade-appropriate content. Jennifer’s second map 

also indicates an improved understanding of the teaching strategies for the content. The 

visual representation on both maps is effective; the second one utilizes color and shape 

to differentiate topics of the map. Jennifer’s maps indicate greater content understanding 

and increased understanding of teaching practice after she completed the second map. 

Table 6. 

Rubric Analysis Comparison of Heather’s Concept Maps 
 

 Rater 1 Rater 2 Researcher 
Map 1    
Content Beginning Emerging Beginning 
Strategy Emerging Emerging Emerging 
Design Emerging Emerging Emerging 
Map 2    
Content Emerging Emerging Emerging 
Strategy Proficient Proficient Proficient 
Design Proficient Proficient Proficient 

 

Heather: Map 1 Analysis (see Appendix R) 

Content. Heather had very little relevant information included in her diagram. 

There was limited content information included. The topics are clear, subtopics are 

blank. Heather was unsure of the procedure or the data.  

Strategies. Heather indicated some specific strategies for the lesson. She also 

indicated one teacher behavior/procedure and one student activity. She offered no 

suggestion of how the teacher will know what the student has learned. She had one 

resource listed for the lesson. 
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 Design. The symbols in Heather’s map are arranged logically following the 

template. The links are clear though few are labeled or marked. There is a definite visual 

discrimination between levels of the map utilizing both color and shape of the symbols. 

Heather: Map 2 Analysis (see Appendix S) 

Content. Heather included very sketchy content information. There is very little 

relevant information included. She used topics and subtopics which are clear and 

relevant but limited in content. 

Strategies. Heather’s Strategy section of the map was more thorough. She 

included relevant information which is appropriate to the main idea of the lesson. She 

seemed clear about what teacher has to do although she was not specific about what to 

do in each step. Topics and subtopics were general in nature. The resources listed were 

vague; she did not indicate how they will fit into the lesson. Heather seemed clear about 

what a teacher had to do although she was not specific about what to do within each 

step. Topics and subtopics were general in nature. The assessment strategies were varied, 

thorough, and relevant for the topic. There is an effective variety of pedagogical 

strategies, appropriate for the topic. 

Design. Heather’s concepts are arranged logically. She followed the template and 

added some additional subtopics. The subtopics are linked to topics in an organized 

manner; many of the links are labeled. She made effective use of size, shape, and color 

for visual differentiation in areas of the map. 

Heather: Comparison of Two Maps 

A comparison of Heather’s two maps indicates improvement in content 

understanding and in teaching practice. While the content information in Heather’s 
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second map is general, there is no content information in her first map, so there is some 

growth in her content understanding. The Strategies section of Heather’s map shows an 

increased understanding of the teaching practices needed for this lesson. Her map shows 

additional steps in both teacher behavior and student behavior. Her Assessment node is 

thorough. Heather used color and shape of nodes to differentiate the sections of her map. 

Heather’s second concept map indicates increased understanding of both content and 

teaching practice. 

Table 7. 

Rubric Analysis Comparison of Keith’s Concept Maps 
 

 Rater 1 Rater 2 Researcher 
Map 1    
Content Beginning Beginning Beginning 
Strategy Beginning Beginning Beginning 
Design Beginning Beginning Beginning 
Map 2    
Content Beginning Beginning Beginning 
Strategy Beg/Emerging Beg/Emerging Emerging 
Design Emerging Emerging Emerging 

 

Keith: Map 1 Analysis (see Appendix T) 

Content. Keith has his Big Idea, topic, and a benchmark listed. His content 

information is very general with no indication of possible subtopics. 

Strategies. Keith listed nothing on the Strategies section of the map. He has no 

information regarding Resources or Pedagogy. Keith placed empty rectangles for the 

subtopics on the strategies side of the concept map. He listed no further subtopics. 

Design. Keith followed the template in the layout of his map but added no 

additional levels or information. Visual discrimination between levels and topics is 
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indicated by the color of the square, all topics are the same shape. The discrimination on 

the Strategies side of the concept map is done with colored rectangles. 

Keith: Map 2 Analysis (see Appendix U) 

Content. Keith’s map has very little content information included. The 

information included is relevant to his main idea topic, “The 5 Senses.” The subtopics 

connecting from that main topic consist of five rectangles, in which are listed each of the 

five senses. No other information is provided. His subtopics are clear but limited.  

Strategies. Keith included some detail in the Strategies section of his map. Most 

information is relevant and appropriate to the main idea. Limited resources are listed for 

this lesson with no indication about how they fit into the lesson. Keith has listed some 

teacher behaviors but with no indication of what teacher would actually do. There are no 

additional details regarding teacher behavior. Keith did not offer strategies for assessing 

student learning. He has listed an appropriate teaching strategy for this content; however, 

only one strategy is indicated in the map. 

Design. Symbols on the map are arranged logically; Keith followed the template 

provided but added few additional subtopics. His map is drawn with black, symbols are 

black, and text in symbols is black as are the linking lines. His only use of color was 

seen in underlining some words. The links between his topics and subtopics are clear and 

understandable, although generally just follow the template provided. He used a variety 

of shapes to differentiate various sections of the map. 

Keith: Comparison of Two Maps 

Keith’s two maps are very similar, there is additional information in his second 

map but it is limited in scope. He showed more use of color in his first map. Neither map 
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has additional subtopics beyond the levels indicated in the template. Both maps are 

created by hand on chart paper using markers; his second map is much larger, 3’ X 4’.  

Table 8. 
Rubric Analysis Comparison of Lori’s Concept Maps 
 

 Rater 1 Rater 2 Researcher 
Map 1    
Content Beginning Beginning Beginning 
Strategy Beginning Beginning Pre-Beginning 
Design Beg/Emerg Emerging Emerging 
Map 2    
Content Exceeding Exceeding Exceeding 
Strategy Exceeding Exceeding Exceeding 
Design Exceeding Exceeding Exceeding 

 

Lori: Map 1 Analysis (see Appendix V) 

Content. Lori included limited amounts of specific content. Her main topic is 

“Condensation,” but she has two subtopics linked to that which contain inaccurate 

information. She showed no additional content information. 

Strategies. Lori has shown empty boxes for the information for this section of the 

map but did not insert any data in the boxes. She seemed to realize that there will be at 

least one subtopic each for: Resources, Teacher, Student, Learned and Pedagogy, but 

left them blank. There is no relevant or appropriate information included in the map, just 

an indication that there should be at least one level of data for each of the headings. She 

did not indicate that there might be any further subtopics. She realized that there would 

certainly be some strategies and pedagogy connected to this lesson but had no idea at the 

time she created this map about what they might be. 

Design. Lori used only the design and levels of sup topics included in the 

template. She did indicate some visual differentiation through different colors of boxes. 
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She put a note at the bottom of the map, “Didn’t finish.” She realized that her current 

knowledge of this topic was very limited, and that her strategies for teaching it were not 

clear at all. 

Lori: Map 2 Analysis (see Appendix W) 

Content. Lori’s second map is very detailed. The content information in this 

section of the map is relevant and very thorough for this topic and appropriate for grade 

level. Lori’s content is precise and complex, and all the information needed is on the 

map. The topics and subtopics are clearly explained. 

Strategies. This section of Lori’s map is very thorough and specific. She will 

know exactly what she needs to have and do for this lesson. The three subtopics for 

Resources are thorough. She did not indicate how these resources will be utilized in the 

classroom or how they fit into the sequence of the lesson. The information provided is 

complex and precise. The information Lori provided in this section of the map is 

relevant to the content being taught and appropriate for the grade level. The information 

is complex and precise. All topics and subtopics are clearly explained. 

Design. Lori’s concept map is arranged in a logical, easy-to-follow manner. She 

followed the template but added to it in order to provide more detail and clarification. 

The concepts are arranged in a clear manner. Subtopics are linked to the concepts in an 

organized, well-defined manner. Most of the linking lines are labeled for clarity. She 

used the shape of the symbol and color for categorizing and differentiating which items 

go together as a set. Lori effectively used graphics to further clarify the map. Visual 

differentiation in this map is clear, specific, and effective. 
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Lori: Comparison of Two Maps 

There is a clear difference between Lori’s first and second concept maps. Her 

second map indicated a growth in understanding of the construction of the concept map. 

It also indicated a much clearer knowledge of the content of her lesson and the teaching 

strategies utilized for the lesson. 

Table 9. 

Rubric Analysis Comparison of Rose’s Concept Maps 
 

 Rater 1 Rater 2 Researcher 
Map 1    
Content Emerging Beg/Emerging Emerging 
Strategy Emerging Emerging Emerging 
Design Emerging Emerging Emerging 
Map 2    
Content Emerging Emerging Emerging 
Strategy Emerging Emerging Emerging 
Design Emerging Emerging Beg/Emerging 

 
Rose: Map 1 Analysis (see Appendix X) 

Content. Rose had specific and relevant content information on the first level of 

her map. She included information about Previous and Next lessons. She has no 

subtopics but the content in the main idea level is specific and could form effective 

sublevels. 

Strategies. Rose listed one specific teacher behavior/strategy; she had some text 

in What Students Do but it is vague and very general, not specific. Under Learned she 

put the same general topic as the map. She listed one word under Pedagogy. She listed 

only one resource. 
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Design. Symbols in Rose’s map were arranged logically (as per the template). 

The links are clear though no additional labels on the links were added. The symbols in 

the map were differentiated in order to visually distinguish and categorize related topics 

and levels of the map.  

Rose: Map 2 Analysis (see Appendix Y) 

Content. Of the three lessons on Rose’s map, the content is very limited for 

Lessons A and B, more detailed for Lesson C.  

Strategies. Information in the Strategies section of all three lessons is relevant 

and appropriate to the topic. Each lesson has an Objective. Her resource listing is limited 

with no indication regarding how the resources would be used. She indicated “rotate 

centers” as a teaching strategy; the use of centers would be a teaching strategy but 

rotating through centers would be logistical.  

Design. The format (Microsoft Word) made it difficult to clearly show the logical 

arrangement of the symbols. The inclusion of three lessons on a single map contributed 

to the confusion in the symbols and links as well as the differentiation of categories. 

Rose: Comparison of Two Maps 

Rose’s second concept map contained more information, partially due to the fact 

that she included three lessons on one page. This made the map more difficult to read, as 

she was not able to create it on multiple pages.  

In the first map Rose used color and shapes/markings on the symbols to 

differentiate sections of the map. Her second map, created using Microsoft Word, used 

only one shape, an oval, for the nodes and differentiated sections through the use of 

different color outlines on the ovals. 
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Interview Analysis by Category 

The individual interviews conducted with the seven preservice teachers provided 

information about their perceptions of concept maps, teaching, and reflective processes. 

The categories which developed through the initial analysis were: content understanding, 

organization, planning, comparison, connections, learning process, student, visual 

component, teaching practice, and reflection. These categories were developed in order 

to respond to the research questions. 

Perceptions of Concept Map Organization 

The student participants all felt that the organizational aspect of concept maps, 

particularly the template used for this study, was an important factor. Students 

specifically mentioned being able to organize thoughts and ideas in a logical, orderly, 

manner. Rose commented, “My thought was it would be clearer to me because I like 

organizing things.” The students felt that the organizational component related to their 

own personal manner of dealing with information in a logical way. Marie said, “I like 

having things planned out and ordered.” One student felt concept maps could improve 

his organizational skills, “I can see how it could be a tool I could use to have a little bit 

more organization.” 

The visual component of the concept map provided students with cues to the 

content. Heather commented, “It’s fun to make the different colors and organize it how I 

want to and how I’ll remember it.” 

The template offered these students an alternative or supplemental lesson 

planning tool. Marie said, “It helped me differentiate what was important, what wasn’t, 

what I need to teach.” The one-page visual of the lesson was a positive feature for them 
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as well. “All the information is present in front of you.” The sequence of the mapping 

process was a key point for Heather, “I just start off with the big broad category and then 

kind of break it down so it’s more specific.” 

The use of concept maps to help their students organize ideas was a factor for 

two of the students. Keith used them with students in his field experience, “It’s good to 

see how using graphic organizers, how that helps them to organize things.” 

Essentially, according to Heather, “The big thing was organization. My brain 

gets so scattered and this helps me focus in.” 

Perceptions of Connections Between Concepts 

A distinguishing feature of concept maps is the ability to demonstrate 

relationships between ideas through the connections; linking lines with arrows which are 

often labeled. Betty was initially unclear about the idea of showing those connections. “I 

just didn’t know how that was going to happen or why they needed to be connected.” By 

the end of the study she indicated that she had a better understanding of using the map to 

show relationships. Keith liked the idea of making the associations between ideas more 

visible. “Just looking at it, it’s easier to see the connections quicker.” 

Two students commented about using the map as a means of connecting the 

content of the lesson with the teaching strategy used. “It’s easier to see how different 

parts of the lesson affect each other,” Keith commented, while Marie indicated “I just 

feel like they all built off each other.” 

Part of the discussion of the focus group included the idea that “at the beginning, 

students might not have all the links correct or understand how it flows together, but 
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they will know that they are all part of the concept. At the end they should see how it all 

fits together and works.”  

Keith experienced the use of concept maps to help students see those 

connections. “Even though they [types of mammals shown on the map] were so 

incredibly different, they [the students] see how they all connect back and how they were 

all the same.” 

The flow of creating the concept map and the interconnectedness of the sections 

impressed Marie, “It was like a process, that they all kind of go together.” Keith even 

thought about extending the connections, “I could have connected what the teacher does 

with what the student does. Then I could see which ones match up.”  

Perceptions of Content Understanding through the Concept Map 

The role of the teacher in developing her students’ understanding of content 

depends on her own confidence in the material. Marie felt that the process of creating the 

concept map reinforced her understanding of the content. “It helped me to investigate 

further.” Jennifer agreed that one reason for the difference between her two maps is her 

understanding of content. “I did some research, and actually was able to put some 

thought into it after I understood what I was supposed to be doing.” Keith was specific, 

“I figured you need to know what you’re teaching before you can figure out how to 

teach it.” 

Rose felt the format of the template was beneficial in helping her maintain the 

connection between content and the state standards. “Having the standards at the center 

of the map and everything else branching off can help keep me focused on the content.” 
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Two students, Heather and Betty, did not recognize the concept map as a tool to 

strengthen their content understanding. Heather realized that the additional research on 

the material was part of what made her second map more effective. She also indicated a 

better understanding of how ideas and concepts relate to one another. “I understood what 

things should be grouped together and what is important to include.” Betty was specific 

about the fact that the Content part of the map was more difficult for her. “This half 

[Strategies] made a lot more sense to me than the content half.” 

In a discussion with the focus group, students addressed the idea of concept maps 

as a tool for teachers to use to check student understanding of the information. “You 

want to see progress.” Even though concept maps are very individual, they could be used 

to determine “the kind of content, the amount of content” the students are able to 

demonstrate. 

Two students thought about their understanding of content from their students’ 

perspective. Jennifer indicated, “I thought of how students would best understand it.” 

Keith really focused on the teachers’ role, “After I thought about it a lot, I have a clearer 

understanding of what these kids are going to learn from me teaching this unit.” 

Perceptions of Future Students’ Learning 

The student participants in this study agreed that concept maps are an effective 

tool to foster student learning. One of the key factors Keith and others noticed was the 

organizational aspect for students. “It’s good to see how using graphic organizers, how 

that helps them to organize things. These are kids that are going to have trouble 

connecting things.” Keith worked with at-risk students. Rose was thinking about the 

benefits for students with special needs. She saw the tool as an effective advance 
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organizer for them. “That’s the way their brain works. I think that would be a really 

good way to prepare them ahead of time for what’s coming.” 

Keith and Heather both felt that the visual component of concept maps would be 

a strength for their students. Heather noticed “The visual aspect of the maps will help 

students understand the concepts and provide them a study tool.” Keith instructed his 

students to keep the graphic in their science notebook, “They can look back at it later in 

the year and remember those lessons.” 

The participants thought about possible uses of concept maps for their students. 

Marie saw the maps as a way for her students to break down parts of a lesson into easier 

to understand components. Lori thought that concept maps could foster higher order 

thinking skills. “It’s kind of higher order thinking.” Keith felt that using maps during a 

lesson encourages student engagement. “They were engaged but not so much that they 

weren’t listening and learning.” Marie saw concept maps as a way for her students to 

plan out their thoughts. Jennifer would like to work with older students so they could 

work independently to create maps for their own presentations, to map out chapters in 

books, or to use as a study guide. Heather agreed with the study guide idea. “This would 

be neat for standardized test preparation.” She also noted that they would need guidance 

to clarify the process. “To use it with the kids, you would have to give them exploration 

time.” Keith saw concept maps as a review tool for students. “When they pull it out later, 

it’s not just a forgotten lesson. It’s ‘OK, here’s the organizer, here’s what I did with it.’ ” 

The participants are developing their skills of thinking about teaching from the 

perspective of their future students’ understanding. 
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Perceptions of the Practice of Teaching 

The concept map template developed for this study was comparable in many 

ways to a lesson plan format; all of the participants commented on the use of concept 

maps as a planning tool for them. Jennifer found the layout, Content on the right and 

Strategies on the left, a useful guide for her in planning her lesson as well as teaching it. 

“Focusing on the left side, Strategies; for me it really summed up what I have to do and 

made it easier to understand.” She saw the sequential format as a guide for teaching. 

“Steps one, two, three; it’s very detailed and easy to follow along for me as a teacher.” 

Rose liked being able to use the map to assure that she included all the important parts of 

the lesson. “The section about what the teacher does, that made me aware of what I’m 

actually doing in my different lessons and the teachers’ role in each of them.” Betty 

liked having her materials, resources, and assessment in a visual representation in order 

to help her focus on the steps she has to follow while reminding her of the connections 

between the concepts. “Just to have it in front of you so you know this is what I do first, 

and second, and this is how they connect to each other.” Heather also appreciated the 

visual aspect of the maps. She liked having the cues there for the sequence of the lesson. 

“Visual representation gave me that trigger where I see it.” Lori valued being able to 

“see the steps I would need to do and then what the students need to do.” 

The concept map format offered Marie some ideas regarding teaching strategies. 

She thought that creating a concept map together with the class would be effective. ”You 

can have them come up with the Big Idea and work together on the subtopics.” She felt 

that the concept map enabled her to think about including a variety of strategies to assure 

that the students would learn the material. “I have to figure out how the students are 
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going to learn it.” Keith thought that the map would be helpful to include various 

strategies as well. In his vision of himself as facilitator in the classroom, he included 

leading a discussion which involved all his students, not just a few. “If you get the kids 

to think, to say things on their own, you know they really have a grasp on it, they’ve 

actually learned it.” Keith’s map also included cooperative lessons to involve the 

students interactively. “I wanted to do a cooperative lesson because I think kids learn 

more when they are actually involved in it, when they are the ones doing it.” 

Several participants focused on student’s needs as they thought about their use of 

concept maps as a teaching tool. Heather believed that having students create their own 

concept maps would provide them a way to interact with the material visually, organize 

information in a way that makes sense to them and give them a learning tool. “Maybe 

when they get to a test they think, ‘Oh, I did a picture with that.’ ” She understands the 

value of visual imagery. “I know for me, pictures can trigger a lot of memory.” Betty 

realized she will have students who respond to the visual representation of learning and a 

concept map would be really helpful for them. “There are kids out there who are visual 

like this, who like to put information together like this. This would be really helpful for 

them.” Rose perceived the possibilities of concept maps as an assessment tool. “You can 

see what areas might be missing.” The focus group discussion brought up the idea of 

using concept maps as an introduction to a lesson or unit. They are accustomed to 

planning a “hook” to generate interest in the lesson and stimulate student thinking about 

the topic. This also benefits the teacher in developing an understanding for the extent of 

her students’ prior knowledge, thus providing a base for teaching as well as a 

comparison at the end. 
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Keith saw the link between teaching practice and concept maps adding to his 

flexibility as a teacher. “It’s not your ordinary lecture, or PowerPoint, or ‘look at the 

board’. It’s something you could call a discrepant event that’s going to stick out; the kids 

are going to remember for a while.”  

Participants’ Comparison of Concept Maps 

Most of the observations comparing the participants’ first and second concept 

maps had to do with the content of the maps. Generally, the second maps had much 

more detail and were more comprehensive. Lori noted that her second concept map was 

much more detailed and through. “The concepts flow together better than the first one, 

for sure.” Jennifer commented that “My first one was very minimal. I didn’t know what I 

was doing.” She also mentioned that she really didn’t seem to focus on anything. She 

had a clear focus on the second one. Jennifer commented on the hierarchy of the concept 

maps as well. “My first one really only had one level, the basic framework. I didn’t 

really know where to go after that.” By the time she created the second map she was able 

to include subtopics and the connections between them. “The second one, I still used the 

framework but I put my own ideas in.” Heather recognized that her first map lacked 

detail that she was able to include on her second one. Her prior knowledge was sketchy 

when she created the first one but she had researched the content and was able to be 

more specific on the second one. “I had a clearer idea of what I was going to do.” 

Heather liked adding graphics on the second map; she utilized color to show 

relationships and generally showed an improved understanding of how concept maps can 

be used to show connections between concepts. 
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Interestingly, two of the participants preferred their first map to their second one, 

although it had more to do with the process decisions they made for the second one. “I 

do not like my concept map. Can I say that?” Rose made that observation after looking 

at her second map. It was due to the fact that she had decided to include three lessons on 

it, making it very complex in both appearance and content. Rose was then unable to 

spread it out over multiple pages due to the program she was using. She also noted that 

the larger size of the first map, created on chart paper, was a factor. “This one is a lot 

easier to read.” 

Betty observed that her first map was easier to read, as well. She created the 

second one in a computer program and much preferred the visual appearance of the one 

created with chart paper and markers. “This one is more appealing to me. I like how it 

looks visually.” She preferred the creative process of using markers on chart paper. 

Additionally, Betty decided to include two lessons on her second map. She omitted some 

items from the template, so the arrangement of the map was not initially clear. 

Jennifer made an unusual observation as she compared her maps, “I didn’t have 

anything for the students to learn on my first concept map.” Her second map was much 

more detailed about what her students would learn and how they would demonstrate 

what they have learned. 

Some students noted the similarities between the format of the concept map 

template and their university lesson plan. “It’s exactly like what our lesson plan looks 

like, just in a different way” noted Marie. The visual representations of the concept map 

and the fact that all the information was contained on a single page are two features of 

the concept map template that appealed to the students. 
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The participants in this study appreciated their growth in understanding the 

development of concept maps as a visual means of displaying content. 

Perceptions of Personal Learning Preferences 

The student participants in this study all have perceptions about their personal 

learning preferences. These perceptions affected how they saw their interactions with the 

concept mapping process. 

Keith definitely characterized himself as an auditory learner. “I’m an auditory 

learner. When I’m in class, I don’t like to write notes. Everything just goes into my head 

and I can keep it straight.” Keith also recognized that he needs to improve his visual 

skills. “Even for me, I can see how the visual of the concept map helped.” Keith was 

aware of the research on visual learners and recognized that his students would gain 

from the use of visuals. “If it affects me that much, being an auditory learner, I can’t 

even imagine how much a visual would help them. It could really make a difference in 

how well kids do.” 

Rose acknowledged that her learning preferences tend to be both auditory and 

visual. “I prefer lists, outlines, and logical organization.” She did understand and 

appreciate the benefit of the visual organization of the concept map. “It’s all about the 

visual, it being visually easy to read.” 

Betty characterized herself as being more comfortable with learning in a more 

linear fashion. She preferred lists, outlines, and itemizations. “Doing graphs and charts 

and maps doesn’t come naturally to me.” She recognized that the concept mapping 

process is outside of her comfort level; her initial challenge was in understanding how to 

connect the ideas. However, the act of physically creating the first map by hand was a 
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satisfying one for Betty. “I liked doing it by hand better than on the computer.” She 

indicated a preference for using markers and her creativity clearly showed in her first 

concept map. “I like to feel things. When it comes to creating things, I love markers.”  

Heather perceived herself as having multiple learning preferences, although she 

focused on the visual aspect of concept map usage during our conversation. She 

indicated that she liked the visual representations available through the concept map 

process. “It was fun to find pictures and get it organized so I understood it.” The 

graphics on the map allowed her to make the connections she needs. “That’s how I 

associate it in my brain.” 

Lori saw herself as someone who liked to synthesize information; she looks at 

the parts of a project then puts those together to see the whole perspective. However, 

using the concept map to prepare this lesson allowed Lori to view the whole project. “It 

gave me a better view of the entire thing.” She liked the idea of starting with the whole 

viewpoint, then breaking it down into the components, “which isn’t the way I normally 

think. I usually think step-by-step.” She also acknowledged that this process was harder 

for her. “I did think a lot harder about putting the whole thing together.” 

Marie indicated that she tends to process information visually and she is also 

organized in her approach to teaching and learning. The visual representation of the 

concept map appealed to her. “By seeing it this way, I feel like it was easier to flow.” 

Marie was enthusiastic as she discussed the map, “They intertwine and connect with 

each other so it’s easier to go step by step.” The organization of the map allowed her to 

connect with the information in a way that made sense for her. 
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Two students commented about the learning preferences of their future students. 

The possibility of helping her students understand the content is a consideration for 

Rose. The use of a concept map as a pre-organizer for a unit will “really make a big 

difference” for her students. Keith understood how much the visual aspect of concept 

maps could benefit his students. “I’m not a person that does the whole organizing and all 

that. I’ve come to see how it can be helpful. I guess not even so much for me but seeing 

how effective it could be for my students.” 

Perceptions of the Self-Reflection Process  

Several of the student participants reflected on the process of making the concept 

map. Marie admitted to having fun with the map itself. “I like it. I honestly liked it from 

the beginning to now. I can see that it is definitely beneficial.” Heather also enjoyed the 

process of creating the maps. “It’s fun to make it the different colors and organize it how 

I want to and how I’ll remember.” Betty enjoyed the satisfaction of creating the initial 

concept map by hand. “You can have better variation on how it looks visually.” 

Five of the students thought reflectively about how to address their future 

students’ needs. Lori realized that her students will readily adapt to the process. “They 

will greatly benefit from it. It’s fun.” Heather anticipated allowing her students to 

organize ideas in a way that makes sense to them. “I learned concept maps can be really 

helpful, I thought it would be tedious.” Jennifer approached the project from the 

perspective of how her students could best understand the content. “I thought about how 

I would teach the students, how they would best learn it.” Rose recognized that her 

students will have various skills, background knowledge, and abilities, and that a 

concept map could connect each of them to the content. “If a concept map is something 
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that really helps them see that that’s the way their brain works, I think it would be a good 

way to prepare them.” Keith realized that his effectiveness as a teacher will be gauged 

by how well his students learn. “If I want to be an effective teacher, it isn’t always about 

how I want to go about doing things; it’s going to be how am I going to do things that 

my class can learn effectively.” 

The focus group discussion addressed the connections between textbooks and 

teaching. Textbooks in science link to the state standards as the primary means of 

addressing key concepts. These prospective teachers saw some fragmentation in that set-

up. “As a teacher you have to be able to pick and choose and pull it the way you think it 

works better to get at those core concepts.” 

Jennifer thought about ways to improve her confidence as a teacher. Since the 

Strategies section of the map template focused on the perspective of the teacher, she felt 

it made it easier for her to be aware of the connection between content and teaching. “It 

really summed up what I would have to do; it made it easier for me to understand.” 

Jennifer did have some challenges with this initial mapping process. “It took a long time 

figuring this out.” However, she perceived that with more experience she would gain 

flexibility to change and adapt her concept maps to fit the resources and situations 

available. “I think my idea would be to have it but don’t stay set to it.” 

Heather reflected on her own experiences as a student and remembered being 

told how to arrange ideas in order to study and remember them. “You need to do it this 

way, because this is how you’re going to remember it.” That was a contrast to being able 

to use a concept map format to organize ideas in a more personal way. “This gives you 

the freedom of doing it the way you think it’s best for you to organize it.” 
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An observation made in the focus group addressed the differences in the concept 

maps. They agreed that making the connections between ideas to see how those ideas are 

linked is a logical progression, yet, “everyone’s will look different and what makes it a 

logical step is just how you see it.” It is important to personalize those connections. “Just 

because it looks like a logical step to you won’t necessarily be the same for someone 

else.” They likened this to teaching. Each will be teaching similar material yet go about 

it in a different way and “use different cues to help us remember what we need to do.” 

As they thought about the different look of their concept maps, one student commented, 

“The way that I organize information in my brain for me to see it may not be the same 

way Jennifer or Marie does. That’s why it’s okay for them to be different.” 

Findings 

The analysis of interviews conducted with the seven participants in this study, 

along with the analyses of their concept maps, and observations of their mapping 

process, indicated key findings in the following themes for this study: content 

understanding, teaching practice, and reflective process as a part of metacognition. The 

analysis of the group interview with experienced teachers indicated findings related to 

the purposes and practice of using concept maps in the classroom (see Table 10). 

Concept Mapping as a Strategy for Developing Content Knowledge 

 Content understanding is a desired outcome for new teachers as well as 

experienced teachers. Strategies for developing content understanding are an important 

part in learning to become a teacher. The results in this section are derived from analysis 

of participant concept maps, which was done by the researcher, two outside raters and 

the participants themselves. The results also came from analysis of the individual 
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interviews and from the focus group interview with six of the seven participants. The 

categories of content understanding, connections, organization, and visual  

Table 10. 

Research Questions and Findings 

Research Question  Findings 
How do preservice teachers use 
concept maps to indicate their 
organization and understanding 
of science content knowledge? 
 

1. The concept maps these participants created clarified 
their understanding of the organization of 
connections and relationships within the content area 
selected for five of the seven participants. 

 
2. The visual elements of concept mapping improved 

the participants’ understanding of the selected 
content. 

 
3. The process of creating the maps increased the 

participants’ understanding of the content 
 

How do preservice teachers use 
concept mapping to indicate 
perceptions of teaching practice 
(planning, instruction, 
assessment)? 
 

1. All of the participants perceived concept maps to be 
beneficial as a planning tool  

 
2. The participants indicated various uses for concept 

maps as instructional tools, especially for their 
prospective students 

 
3. The participants in this study did not recognize the 

use of concept maps as an assessment tool. 
 

How does concept mapping 
influence preservice teachers’ 
perceptions of their reflective 
processes? 
 

1. The participants in this study thought reflectively 
about the practice of teaching but very little about 
the process of teaching 

 
2. When these preservice teachers could find personal 

relevance in and through their concept maps, they 
were better able to be reflective about the process 

How do teachers who are 
experienced in using concept 
maps talk about the purpose and 
practice of using concept maps? 
How does this compare with the 
preservice teachers’ perceptions 
of concept map usage? 

1. Experienced teachers discuss the purposes of concept 
maps with a primary focus on student understanding 
and skill development 

 
2. Experienced teachers discuss the practice of using 

concept maps with a focus on accomplishing 
multiple objectives 
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representation, were among the initial categories determined in the analysis process. The 

categories of relationships and process were codes which developed within several 

categories.  

Concept Map Connections and Relationships 

Content Finding 1. The concept maps these participants created clarified their 

understanding of the organization of connections and relationships within the content 

area selected for five of the seven participants. 

The strategy used in this study of creating a pre- and a post-concept map 

provided the participants an opportunity to examine one element of their growth in 

content understanding by comparing their two maps. A distinguishing characteristic of 

concept maps is the ability to demonstrate relationships between ideas through the 

connections; linking lines with arrows, which are often labeled. All of the participants 

discussed those connections and the relationships indicated through the concept maps. 

The concept maps provided these students with a realization of how ideas and concepts 

relate to one another. 

Marie believed that the connections between the various sections made the 

process of creating the map easier. “I just feel like they all built off each other.” She used 

the word “intertwine” to describe the connections. As she created one section, it 

naturally led into the next one. Keith even thought about extending the connections; “I 

could have connected what the teacher does with what the student does. Then I could see 

which ones match up.” 

Betty was initially unclear about the idea of showing those connections between 

concepts. “I just didn’t know how that was going to happen or why they needed to be 
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connected.” By the end of the study she indicated that she had an improved 

understanding of using the map to show relationships. “I have a lot more connecting 

words, so that makes it more helpful.” She also stated that she has a better understanding 

of what the connections meant. Keith liked the idea of making the associations between 

ideas more visible. “Just looking at it, it’s easier to see the connections quicker.” 

Two students commented about using the map as a means of connecting the 

content of the lesson with the teaching strategy used. “It’s easier to see how different 

parts of the lesson affect each other,” Keith commented, while Marie indicated “It was 

like a process, that they all kind of go together.” 

Part of the discussion of the focus group included the idea that “at the beginning, 

[our] students might not have all the links correct or understand how it flows together, 

but they will know that they are all part of the idea. At the end they should see how it all 

fits together and works.” These participants see themselves guiding their students 

through the process of developing understanding of the connections between concepts in 

a concept map. 

Keith has experienced the use of concept maps to help students in his field 

experience see those connections. “Even though they [types of mammals shown on the 

map] were so incredibly different, they [the students] see how they all connect back and 

how they [mammals] were all the same.” Keith sees the value of using concept map 

relationships to demonstrate comparisons. 

Most of the observations of the participants with regard to comparing their first 

and second concept maps had to do with the content of the maps. Generally, the second 

maps had much more detail and were more comprehensive. Lori noted that her second 
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concept map was much more detailed and thorough. “The concepts flow together better 

than the first one, for sure.” Jennifer commented that “My first one was very minimal. I 

didn’t know what I was doing.” She also mentioned that she really didn’t seem to focus 

on anything. She had a clear focus on the second one. Jennifer commented on the 

hierarchy of the concept maps as well. “My first one really only had one level, the basic 

framework. I didn’t really know where to go after that.” By the time she created the 

second map she was able to include subtopics and the connections between them. “The 

second one, I still used the framework but I put my own ideas in.”  

Heather recognized that her first map lacked detail that she was able to include 

on her second one. Her prior knowledge was sketchy when she created the first one but 

she had researched the content and was able to be more specific on the second one. “I 

had a clearer idea of what I was going to do.” Heather liked adding graphics on the 

second map; she utilized color to show relationships and generally showed an improved 

understanding of how concept maps can be used to show connections between concepts. 

These participants indicated through interviews and their maps that the concept 

maps helped them clarify the connections and relationships of the concepts and ideas for 

their lesson. 

Visual Elements of Content Understanding 

Content Finding 2. The visual elements of concept mapping improved these 

participants’ understanding of the selected content. 

The visual elements of concept mapping include the overall look of the map 

along with the use of color, a variety of shapes, graphics, the connecting lines with 

arrows depicting the directional flow of ideas, and possibly labels on the connecting 
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lines. The ability to see the connections in a visible format was an important factor for 

these participants. Keith indicated that graphic organizers made the associations between 

ideas more visible. “Just looking at it, it’s easier to see the connections quicker.” He saw 

it as a planning tool to make sure all those connections have been made, linked visually 

as well as conceptually. 

Marie felt that her students would be able to use the visual of the concept map to 

break down the parts of a lesson or topic into easier-to-understand components. They 

could use the visual element of the concept map for reference. “It helps differentiate 

what’s important.” The format of the concept map provided a means of visual 

differentiation for four of the participants. Both of Jennifer’s and Heather’s maps 

showed visual separation between subtopics; Jennifer’s second map included graphic 

images to further clarify the concepts included (see Appendix Q). Lori’s second map 

was very detailed and demonstrated a much clearer understanding of the visual 

component of concept maps through the use of colors, shapes, and graphic symbols 

representing content (see Appendix W). Rose added a visual component to her first map 

through the use of a variety of symbols. Her second map was not as clear visually; she 

included three lessons on the map and used only a single symbol for the nodes or shape 

containing the concept, making it confusing visually, which she recognized in her 

interview (see Appendix X and Y). 

This concept map template (see Concept Map Template, Appendix I) provided 

many of these prospective teachers with a visual format for their lesson plans, though 

that was not the original intent. They saw the concept map as a one-page visual reminder 

for what they needed to do in the classroom. They liked having the visual representation 
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of the lesson. Heather used the graphics on her map as visual cues to keep her focus on 

the content and sequence. “The picture of the butterfly – I know next we are going to do 

butterflies. Let me tie that in.” The images on her map offer connections to both content 

and process (see Appendix S). 

Heather believed that the visual of concept maps would be an asset for her 

science skills, “A visual representation is easier, especially when teaching science.” She 

also appreciated the visual organization of her maps. She utilized the graphics to provide 

her with a cue for teaching as well as a visual supply list. She saw her students 

interacting visually with the content as they create their own concept maps, providing 

them with a visual memory jog. Keith also felt that his students would relate to the visual 

element of the maps to help them remember the lessons; “It helps the kids to see that, 

yes, there are these five categories, but they are connected.” 

Keith categorized himself as having an auditory learning preference and 

recognized that the use of concept maps could help him improve his visual processing 

skills. He was aware of the research on visual learners and knew that his students would 

benefit from the visual aspect of concept maps. “If it affects me that much, being an 

auditory learner, I can’t even imagine how much a visual would help them [visual 

learners]. It could really make a difference in how well kids do.” Rose also categorized 

herself as having auditory learning preferences, yet appreciated the visual organization 

of the concept map. “It’s all about the visual, it being visually easy to read.” Rose 

believed that the use of concept maps should give her an organizational overview, the 

“big picture” for her lessons. 
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Most of the participants gave a lot of thought to the use of color in their maps. 

Betty’s first concept map used color in the design of the map. She showed specific 

differentiation among sections of the map and subtopics through the use of different 

colors and different shapes (see Appendix X). Her use of color and shapes indicated the 

level of the subtopic in one section of the map. Betty’s second map also showed a 

variety of shapes and colors; however, there did not seem to be any logic in the selection 

of shapes or colors of the symbols. Color and shape were not used to differentiate 

between sections of her second map (see Appendix M). 

Marie also used color in her maps. While her second map was more colorful than 

her first one, she had used one color marker and two shapes throughout her first map. 

Her second map was created on the computer and she enjoyed the process of utilizing 

the colors and graphics available through the software program. She used a variety of 

symbol shapes and colors to clearly differentiate levels and categories on the map (see 

Appendixes N and O). 

Jennifer and Rose had an opposite opinion of Marie; they both felt that extensive 

use of both color and shapes could be confusing and distracting in a concept map and 

decided to create their second ones using a single symbol shape with color coding to 

differentiate the sections. “For me with the concept map, less is more. As long as you 

color code it, it’s easy,” Rose indicated. “I thought it would be clearer to me if I made it 

only one factor that distinguished everything, so I just did color.” After comparing her 

two maps, however, Rose concluded that the use of color alone was not enough of a 

distinguishing feature, at least in this instance (see Appendixes Q, X, and Y). 
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To add more color coordination on their second maps, Heather and Lori utilized 

the graphics in the software program Inspiration. “It’s fun to make it the different colors 

and organize it how I want to and how I’ll remember.” The graphics on Heather’s map 

would also guide her as she uses the map as a visual lesson plan. Her use of color to 

show relationships and to differentiate sections on the map indicated an improved 

understanding of the use of concept maps to demonstrate relationships between concepts 

(see Appendix S). 

Lori’s second map made effective use of both color and graphics to clarify her 

map and to show links among concepts; the steps of the water cycle were arranged in a 

circular format with blue arrows on the links showing the direction of the flow of the 

cycle. She used both shape and color of the symbols for categorizing and differentiating 

which items went together as a set (see Appendix W).  

Keith incorporated limited use of color in his first map and minimal color use in 

his second one. That map was entirely done in black marker with the only use of color 

seen in some underlining (see Appendixes T and U). He acknowledged a lack of skill in 

visual processing and he recognized that concept maps would be useful for his future 

students and that he would need to improve his own skills in order to guide them. 

The visual element of concept mapping contributed to these participants content 

understanding through a variety of means. The colors, shapes of the nodes, and the 

graphic symbols used by most of the participants gave them cues on their maps to 

reinforce content information. The ability to make both visual and conceptual links clear 

provided them with increased understanding of the relationships between concepts. They 

were able to use the visual elements to distinguish sections of the map and to 
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differentiate among ideas. The visual elements also added to the organizational factor of 

concept maps. Only one of the participants did not indicate that the visual element was 

important for him, although he did acknowledge that visual processing is a skill he needs 

to develop and that visuals would be important for his future students. 

Process of Creating Concept Maps 

Content Finding 3. The process of creating the maps increased the participants’ 

understanding of the content. 

The students in this study indicated a growth in content understanding during the 

process of thinking about the content in order to create the concept map. Betty 

recognized that having more awareness of the content of the topic enabled her to be 

more detailed on her map. “It was easier in that sense to actually put it on paper.” 

Four students identified the process of creating the concept map as reinforcement 

for their content understanding. “I kind of got a good knowledge base on the content.” 

Marie was not sure of the process as she created her first map; she felt that things were 

“just slapped on there.” She easily recognized that her second map was more detailed 

due to her subject matter understanding: “It flows so easily.” As Marie thought about the 

format of the map she verified her content understanding. “I had to know each step of 

the properties of matter in order to describe it on paper.” 

 Jennifer also developed her own understanding of the content through her 

research and identified the difference in her two concept maps as her increased 

understanding of the content. Jennifer felt that with more experience she would gain 

flexibility to change and adapt her concept maps to fit the resources and situations 

available. Jennifer understood that the initial concept map took a “long time figuring this 
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out,” but that with practice it would be a beneficial tool. She recognized that as she 

created the second map she was able to add more of her own ideas in order to make it fit 

her needs.  

Heather indicated that her prior knowledge was sketchy but research on content 

allowed her to be more specific on the second map. She acknowledged a better 

understanding of how ideas and concepts relate to one another. “I understood what 

things should be grouped together and what is important to include.”  

The preservice teachers in this study perceived the process of creating their 

second concept maps as a factor in strengthening their understanding of content 

knowledge. They tended to credit their growth of understanding to the research they had 

done to prepare the assignment for class. 

Perceptions of Teaching Practice: Planning, Instruction, Assessment 

 New teachers enter their first year of teaching with a great deal of enthusiasm. 

They are excited and highly motivated to make a difference for their students. In order to 

handle the realities of teaching, these teachers need to have a multitude of teaching 

strategies at hand. Concept mapping skills can be one of the beneficial tools available to 

help them clarify learning for their students. The prospective teachers in this study had 

comments regarding the use of concept maps as they become teachers. 

Concept Maps as Planning Tools 

Teaching practice finding 1. All of the participants perceived concept maps to be 

beneficial as a planning tool. 

The concept map template created for the study was designed to include both 

teaching strategies and content of a lesson, although it was not specifically intended to 
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be a lesson plan template (see Appendix I). All of the participants in this study addressed 

the role of the concept map as a planning tool. Three of them mentioned that they felt the 

primary use for this concept map template was to provide a logical step-by-step means 

of organizing the lesson. One indicated that the sequential format provided her with a 

guide for teaching. “Steps one, two, three; it’s very detailed and easy to follow along for 

me as a teacher.” Another student felt that the process of creating the map clarified the 

content and the teaching in her mind. She was impressed with the organizational aspect 

of the template. “The big thing was organization. My brain gets so scattered and this 

helps me focus in.” 

Three of the students in this study compared the concept map template to the 

lesson plans they created for their university courses. “This is a better way of having 

them [the steps of the lesson] connect, instead of just reading through a paragraph.” The 

participants felt that having their lesson in a one-page format, concise and easy to 

follow, would help them keep focused on what needs to happen as well as the sequence 

of the lesson. One student felt that an outsider looking at his typed lesson plans and his 

map would be able to understand the connections in his lesson and how things interact 

much better in the concept map. 

Lori gave some thought as to how the concept map could affect the way the 

material is taught. She saw this specific map template as an effective means of providing 

her with the details of preparing for the lesson, whereas other lesson plan formats utilize 

lists. The map shows “the steps I would need to do and then what the students need to 

do” (see Appendix W).  
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Rose liked being able to use the map to assure that she is including all the 

important parts of the lesson (see Appendix Y). “The section about what the teacher 

does, that made me aware of what I’m actually doing in my different lessons, and the 

teachers’ role in each of them is different.”  

Marie felt that the concept map was effective for her as a planning tool due to the 

division of the sections on the template (see Appendix O). As she decided what 

information belonged in each section of the template, she was able to clearly determine 

the key points of the lesson. “It helped me differentiate what was important, what 

wasn’t, what I needed to teach.” 

Two of the participants used the concept map template to create multiple lessons 

(see Appendixes M and Y). They were able to compare the various aspects of the 

strategies section of the template in order to think about a variety of ways to teach the 

content in order to assure that more of the students would learn the information. “I have 

to figure out how the students are going to learn it.”  

The visual aspect of concept maps entered into their discussions of planning. In 

addition to the sequential format for lessons, Heather appreciated the visual cues for the 

sequence of teaching the lesson. “Visual representation gave me that trigger where I see 

it.” She indicated that using the map to plan lessons clarified the specifics of the lesson 

for her. Note (see Appendix S) in her second map the numbered list explaining what the 

students will do during the lesson. Another student felt the use of the concept map as a 

planning tool would give him a visual cue for making sure all the connections are made. 

He understood the visual aspect of linking the various sections of the lesson together. 

“It’s easier to visualize how different parts of the lesson affect each other.”  
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The members of the focus group definitely saw the benefit of using concept maps 

as planning tools. They felt that the organizational layout of this specific template 

offered them a visual means of understanding the sequence of the lesson. The process of 

thinking about what the teacher does and what the student does throughout the lesson 

helped these participants see the connections between those two elements. The 

experiences through this study gave them a tool to refine as they move into their 

teaching opportunities. 

Concept Maps as Instructional Tools 

Teaching practice finding 2: These participants found various potential uses for 

concept maps as instructional tools, especially for their future students. 

The participants in this study commented about some uses of concept maps as 

instructional tools. They acknowledged that assessing students’ prior knowledge would 

be an important use of the map; they also felt that a concept map would be an effective 

tool for introducing a unit or lesson. All of the participants indicated that concept maps 

would be effective for their students in a variety of ways. 

Some students commented on the use of the concept map as an introduction to a 

lesson or unit. They saw it as a way to start the students thinking about what would be 

coming up. “You can just tell them, ‘You might not know exactly everything, just kind 

of make it what you think you know right now.’ ” These university students are 

accustomed to planning a “hook” to generate interest in the lesson and getting students 

to start thinking about the topic. This also benefits the teacher in gaining an 

understanding of the extent of her students’ prior knowledge. A concept map offers a 
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base for teaching as well as a comparison at the end. “They can see this links to that and 

it all comes together. That’s a good visual to support that.” 

One of the participants saw concept maps as a way for her students to plan out 

their thoughts; another believed older students could work independently to create maps 

for their own presentations, to map out chapters in their texts, or to use as a study guide. 

All of the participants thought about various uses of concept maps for their 

students, in response to a question in the interview pertaining to potential uses of concept 

maps as teachers. This prompt was designed to address the research question about 

perceptions of teaching practice (see Appendix C). These participants indicated they 

wanted to assure student understanding of the content, how their students could best 

grasp the concepts and the relationships between concepts. Heather recognized the 

potential for student use of concept maps. She believed that having her students create 

their own concept maps would provide them a way to interact with the material visually, 

organize information in a way that would make sense to them, and give them a learning 

tool. “Maybe when they get to a test they think: Oh, I did a picture with that.” 

One of the participants had used concept maps with students in his field 

experience and was impressed with how the students were able to organize the 

information. The students were interacting with the content and engaged in the lesson. 

He saw the graphic organizer as a valuable review tool for the students. He believed the 

visual element of the organizer would help them remember the content of the lesson. 

Two of the participants mentioned how effective concept maps would be with 

their students because of the students’ learning preferences. “I would like to use it in the 

classroom, with kids, just because of the different way they think.” Another believed that 
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the use of concept maps with her students would foster higher order thinking skills. “It’s 

kind of higher order thinking.” Jennifer found the process of creating concept maps 

challenging for her, but believed that her students would readily adapt to the process 

based on her understanding of student skills and abilities. 

One participant mentioned creating a concept map with her students, modeling 

the process and the thinking which accompanies creating a concept map. Another 

mentioned sharing student-made concept maps in class as a way to demonstrate that 

everyone’s map looks different yet works for each of them. 

Rose felt that concept maps would be especially beneficial for students with 

exceptionalities. “It’s important for them to know what is going to happen, to have a 

preview of the lesson.” As she thought about her students’ needs, Rose saw value in the 

use of concept maps. “Having the unit laid out for them would be very helpful.” She 

recognized that her students would have various skills, background knowledge, and 

abilities, and that a concept map could connect each of them to the content while 

addressing their individual needs. “If a concept map is something that really helps them 

see that, that’s the way their brain works, I think it would be a good way to prepare 

them.” 

The student participants in this study agreed that concept maps are an effective 

tool to foster student learning. One of the key factors Keith and others noticed is the 

organizational aspect for students. “It’s good to see how using graphic organizers, how 

that helps them to organize things. These are kids that are going to have trouble 

connecting things.” Keith worked with at-risk students. Rose thought about the benefits 

for students with special needs. She saw the tool as an effective advance organizer for 
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them. “That’s the way their brain works. I think that would be a really good way to 

prepare them ahead of time for what’s coming.” 

These future teachers are developing their skills of thinking about teaching from 

the perspective of their future students’ understanding: “They organize it in a way they 

can remember, not necessarily how I see.” Their responses indicate their perceptions of 

the potential of concept maps as instructional tools. 

Concept Maps as Assessment Tools 

Teaching practice finding 3: The participants in this study did not recognize the 

use of concept maps as an assessment tool. 

The participants in this study found very limited uses of concept maps as 

assessment tools. The Strategies section of the template used by these students includes 

a node for Know What Students Learned; this was discussed during the introductory 

lessons on concept maps, so the participants understood that various forms of assessment 

would be included in that node. None of them considered using a concept map as one of 

their assessment tools for the lesson they planned. One student, in comparing her pre- 

and post-maps, realized that her first one “didn’t have things for the students to learn.” 

Her second map was much more detailed about what her students would do and how 

they would demonstrate what they have learned (see Appendix Q). The process of 

thinking about his concept mapping experience clarified one student’s perceptions of 

how his students would be able to demonstrate their learning of the content. 

When using a pre- and post-concept map strategy with students, the second 

concept map is expected to show a better understanding of the content knowledge. “You 

can do it another way and say ‘Okay, now show what you have learned. Make the same 
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map but include more information of what you’ve learned.’ ” One student was specific, 

“The post one is more detailed, they understand more. They have subject matter 

knowledge.” By the end of the unit their students should have a clear visual image of 

how the ideas link together. One member of the group noted that her second map 

showed more detail and “showed a better grasp of what, where, and how the concepts 

should flow together.” The group also felt that the maps give the teacher an assessment 

tool to see the level of understanding of concepts. “It helps the teacher to see where 

they’re at before and after the lesson.”  

In a discussion with the focus group, participants addressed the idea of concept 

maps as a tool for teachers to use to check student understanding of the information. 

Even though concept maps are very individual, they could be used to determine “the 

kind of content, the amount of content” the students are able to demonstrate. This use 

would be beneficial as formative assessment, allowing the teacher to make adjustments 

in the teaching to accommodate student understanding. 

One student mentioned the possibility of using concept maps to determine gaps 

in student understanding of content. “You can see what areas might be missing.” One 

participant had incorrect content information on her first map, which had been corrected 

on her second map. However, she did not realize as she compared her two maps that she 

initially had misconceptions about the content. Misconceptions in science understanding 

could be readily assessed through concept maps. 

The focus group interview touched on the subject of student learning by 

indicating that as teachers, they wanted to see growth in the second map. “You want to 

see progress. For ourselves, we saw progress.” They also felt that seeing growth is 
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important for their students’ self-perceptions and personal development. “It’s important 

because the kids always like to see what they do, how they progress.” 

The students in this study were beginning to perceive some limited use of 

concept maps as assessment tools; however, it would have needed more guided practice 

and personal experience for them to really understand the use of concept maps as 

effective means of assessing student understanding. 

Reflective Process  

 The participants in this study had the opportunity to engage in some limited 

reflective experiences. Reflective practice is one component of metacognition; it is the 

ability to think about one’s thinking and monitor one’s level of understanding. An 

analysis of those reflective comments in this study indicated that these students thought 

about themselves as teachers, and about ways to bring meaning and relevancy to 

classroom activities. 

Reflections on the Practice of Teaching 

Reflective process finding 1: The participants in this study thought reflectively 

about the practice of teaching but very little about the process of teaching. 

The participants in this study, when asked in the focus group interview about 

previous experiences with reflective activities, responded that they had written 

observation notes about their field experiences. They wrote about “what was good about 

what we saw, what was maybe not so good.” They also indicated that they had to write 

reflections about the lessons they taught. These students had some initial experiences 

with the reflective process. 
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The process of creating a concept map itself is a metacognitive activity, since one 

is continually thinking and rethinking about the important concepts and the relationships 

between concepts, while making decisions about how to display those concepts and 

relationships in the map. This study offered these students a focused reflective activity, 

although they did not identify it as such until the focus group interview. They did offer 

comments in their individual interviews which indicated some degree of introspection 

regarding the process. 

All of the participants thought about the practice of teaching and their future 

students. Many of their reflective comments about the practice of teaching have been 

previously mentioned in support of other categories, specifically regarding their 

concerns about how well their students would understand science content.  

One student indicated that the concept map enabled her to think about different 

ways to teach the material in order to assure that her students would learn. “I have to 

figure out how the students are going to learn it.” This participant was thinking about her 

teaching and relating to other experiences she had through her coursework. The 

perspective of student understanding was mentioned by several of the participants as 

they thought about concept maps and their teaching. 

 Jennifer was positive about the benefits of using concept maps as a teacher, even 

though this initial effort with them “took a long time figuring this out.” She perceived 

that with more experience she would gain flexibility to change and be able to adapt her 

concept maps to fit the resources and situations available. This pattern of reflective 

thinking indicates a degree of complexity in Jennifer’s reflective process regarding the 

practice of teaching. 
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Heather believed that creating a concept map would be an effective experience 

for her future students. “Helps kids organize their thoughts. This would be neat for 

standardized test preparation.” She realized they would need guidance initially to clarify 

the process. “To use it with the kids you would have to give them exploration time.” 

Heather was focused on the practice of teaching and being able to guide her students 

effectively. 

These preservice teachers demonstrated reflective processes as they considered 

their future students’ ability to learn using concept maps with guidance. They did not 

offer any evidence of reflecting on their own teaching in order to grow and develop 

pedagogical skills. As preservice teachers, they have had many opportunities to think 

about their future students’ understanding and limited experiences to really consider the 

effects of their teaching. 

Finding Personal Relevance with Concept Maps 

 Reflective process finding 2: When these preservice teachers could find personal 

relevance in and through their concept maps, they were better able to be reflective about 

the process. 

 Each participant in this study had a personal perspective to their involvement and 

participation in the projects. Three of them acknowledged some degree of discomfort 

initially, indicating that the ideas they were encountering did not have personal relevance 

to them, at least at that time. Betty and Keith both felt that the use of concept maps was 

not in alignment with their learning preferences. Betty indicated “it doesn’t come 

naturally to me,” preferring ideas arranged in a more linear fashion. Keith saw himself as 

an “auditory learner” and linked concept maps with list-making, a skill he did not relate 
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to well. Marie did not think the process of concept mapping made sense and didn’t think 

it was going to be effective for her. These participants did not have a relevant “hook” to 

enable them to make the necessary connections to any previous experiences. Marie’s 

perspective changed by the end of the study; her second map became an enjoyable 

experience. Through the process of working with the concepts and making the visual 

connections on her map, she was able to make the personal relevancy connections in a 

way that made sense to her. 

Five of the participants mentioned feeling more confident as they created the second 

concept map. Part of this confidence could be attributed to having a better understanding 

of the content; part of the confidence could be credited to the metacognitive process of 

thinking about the map and how to create it to accomplish the desired results. This 

increased confidence provided them with a sense of meaningfulness, giving them that 

personal relevancy connection. 

One student found her relevancy connection through the perspective of having an 

overview of the lesson. Lori saw herself as someone who looks at the individual parts of 

a project initially and then puts those together to see the whole perspective. However, 

using the concept map to prepare this lesson allowed her to view the whole project. “It 

gave me a better view of the entire thing.” Using the concept map gave her the overview 

of “where the lesson should go.” She liked the idea of starting with the whole viewpoint, 

then breaking it down into the components, “which isn’t the way I normally think; I 

usually think step-by-step.” She also acknowledged that this process was harder for her. 

“I did think a lot harder about putting the whole thing together. I had to think about each 

little part as a part of the whole, if that makes any sense.” 
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 Two of these students felt discomfort in what they perceived as the confusing look 

of some concept maps; they perceived the maps as having a confusing array of shapes 

and colors. Jennifer decided to create her second map using only a single shape with a 

variety of colors. Jennifer incorporated a philosophy of “less is more” with regard to the 

variety of shapes on her map. She found a way to make the map have more meaning for 

her.  

Rose felt that using a single shape would make the map clearer for her; however, her 

second map became very confusing due to some software issues and the fact that she 

decided to include three lessons on it. She acknowledged that she “does not like my 

concept map,” referring to the appearance of her second map. The process became one 

of frustration for Rose as she tried to create some valid connections. Even with the 

frustrations of creating a map that would be effective, Rose was able to think about how 

to present the information on the map and in the lessons. On reflection, Rose decided 

that using different shapes to distinguish categories on future maps would be a more 

effective process. This would also solidify her own understanding of the process and the 

content, as she would be utilizing her metacognitive skills to determine and define those 

categories.  

An observation made by the focus group addressed the differences in the concept 

maps. They agreed that making the connections between ideas to see how those ideas are 

linked is a logical progression, yet, “everyone’s will look different and what makes it a 

logical step is just how you see it.” It is important to personalize those connections. “Just 

because it looks like a logical step to you won’t necessarily be the same for someone 

else.” They likened this to teaching. Each teacher will be teaching similar material, yet 
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go about it in a different way and “use different cues to help us remember what we need 

to do.” As they thought about the different look of their concept maps, one student 

commented, “the way that I organize information in my brain for me to see it may not be 

the same way Jennifer or Betty does. That’s why it’s okay for them to be different.” 

The personal relevance seems to be tied into the ability to create individual 

concept maps, to make the maps in such a way that each map has meaning for the 

creator of the map while still identifying the content in a way that is recognizable to 

others. 

Experienced Teachers’ Purposes and Practices of Concept Map Usage 

This final section examines experienced educators’ uses of concept maps with 

their students. The fourth research question seeks to identify how these experienced 

educators talk about the purposes and practices of concept map usage, then compares 

those responses to the preservice teachers identified in the previous section of the 

chapter. This was accomplished through a focus group interview with nine teachers and 

administrators. 

This focus group consisted of nine experienced educators connected with a 

moderate-sized independent K-12 school in the southeast. Their experience in the field 

of education ranged from 6 years to 35 years, combined to represent 147 years of 

experience. The participants included a school administrator, a 5th grade language arts 

and math teacher, two middle and high school math teachers, a middle school science 

teacher, a high school science teacher, a learning strategies teacher, a recently retired K 

through 8th grade math and reading teacher who is currently working in professional 

development, and a former science teacher who currently serves as science consultant 
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for the school. He also teaches science at the United Nations School and has a research 

affiliation with the Massachusetts Institute of Technology. 

The experienced teachers interviewed in the focus group engaged in lively 

discussion regarding multiple purposes and practices in the use of concept maps. The 

purposes and practices mentioned had a primary focus on students; intentions, objectives 

and classroom activities directed toward multiple ways of attaining student 

understanding. 

Purposes of Concept Map Usage Among a Group of Experienced Educators 

 Experienced teacher finding 1: Experienced teachers discuss the purposes of 

concept maps with a primary focus on student understanding and skill development. 

 The experienced teachers interviewed in this group addressed their concept map 

purposes from the perspective of their students. They wanted to assure student 

understanding in a variety of ways. These teachers mentioned the visual element of 

concept maps as a way for students to connect to content. “It’s a visual way of being 

able to study, to represent what they read and show me that they actually understood 

what they’re reading.” This teacher also acknowledged the benefit of putting abstract 

information into a concrete visual. “Adding anything visual to something as abstract as 

algebra really makes a huge difference to them.” 

One participant indicated that a purpose for concept maps is to develop students’ 

ability to stay on task in their study time. “I like to use it to help retrain kids to structure 

their study time more purposefully.” He stated that students will use the concept map to 

find central themes and to “understand where the key ideas fit relative to each other.” 

This technique allows students to focus their time on important aspects of the subject 
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instead of spending time on relatively minor details of the material, especially when 

preparing for assessments.  

Another use for concept maps based on student understanding is to assist 

students having difficulty grasping a challenging concept. “If they don’t get it and you 

use a concept map to get it into their heads, it stays longer than if you were to just repeat 

a connection or a definition.” 

One teacher stated that students’ use of concept maps leads them to self 

evaluation and internalization of knowledge. “I totally feel that with the concept 

mapping, it really is a deeply personal approach to organizing this information.” 

This group of experienced teachers agreed that using concept maps with students 

helps them develop essential learning skills. One of the participants had background in 

brain-based research, which strongly supports visual learning. He indicated that an 

important feature of graphic organizers in general, and concept maps in particular, is the 

sequential reasoning ability generated. “Children learn that there must be a sequence.” 

Another skill supported by brain research is task analysis. Children develop the ability to 

“look at something from the end to the beginning and from the beginning to the end; not 

necessarily in order.” As he considered the possibilities available to teachers through the 

use of concept maps, he added to his list. “So, it’s an evaluative tool. And it teaches 

them prioritization, it teaches them problem solving, all higher order things.”  

As students become more proficient with concept maps through practice and 

multiple experiences, they develop confidence with concept maps, and with broader 

areas of content. “That empowers them a little bit because it’s linking concepts.” They 

are able to transfer knowledge. 
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A value of concept mapping as a skill technique is that students are actually 

processing information in order to use it in a map. It is not simply a matter of repetition, 

but thinking about it and how it connects to other things. “So they’re required to actually 

process, which is really the key.” They are working with the information and 

personalizing it. “And discussing it with other students. Why it goes here and not there.” 

This is a key point as well; students learn well from each other. “That discussion is much 

more resonant with them. It’s in a language of their own.” 

These experienced teachers talked about concept maps as pedagogical tools. One 

of the teachers utilized concept mapping to tap into students’ prior knowledge. “A 

template for them to begin, to have something to build their knowledge on, and then 

transforming what they get into something that’s personal makes it stick longer.” Her 

students bring their background knowledge to serve as a foundation for new knowledge. 

The participants discussed concept maps as assessment tools. One teacher saw 

concept map assessment as a change agent for making assessment more visual. Another 

teacher who builds concept maps with students throughout the unit adapts those maps for 

use on tests. “I’ve been using test questions that are based on concept maps.” She also 

includes parts of the concept map on the test for students to complete. “It sounds a bit 

like fill-in-the-blank, but it’s actually not. There is a spatial component there.” She is 

adamant that when they sit down to demonstrate what they know, they will feel 

confident. “So if a concept map is a way to get information from them, I’m willing to 

use it on the assessment.” 

Another pedagogical tool mentioned was the use of a student’s actual concept 

map on the assessment. “I’m trying to say to the kids, ‘Skippy has created this really 
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interesting representation of what we need to know and I’ve chosen to put it on our 

assessment.’ Now that kid is a partner in the teaching as well as the learning.” 

A pedagogical purpose for concept maps mentioned by the experienced teachers 

is to be able to differentiate instruction for their students. “Right now the big push in 

education, especially independent education, is differentiation.” One of the teachers had 

a student use a concept map diagram of her room as cues for remembering the steps in 

the quadratic formula. The student was excited that she was able to connect the quadratic 

formula, remember it, and use it correctly. “For him to offer that as an approach is a 

pitch-perfect differentiation. That’s another huge, huge thing with concept mapping. It’s 

a chance for teachers to differentiate the assignment for kids who need that.” Teachers 

can utilize concept mapping as a tool for any individual student to use to make a visual 

connection to the content. “You’re sending an olive branch to the kid saying, ‘Listen, 

I’m willing to offer you another way to do this.’ ” Just as the student mastering quadratic 

equations could attest, concept mapping can be a tool to develop self-esteem in students, 

or in new teachers. Students can have a voice in their own education instead of relying 

on the teacher to tell them how to learn. “It speaks to your classroom culture. Now 

you’ve got something that’s more inclusive, much more child-centered.” 

An element of differentiating instruction could be symbols used on the concept 

maps. One teacher made an observation that creating symbols for a concept map 

becomes cross-cultural. He teaches in an environment where English is not the native 

language for most of his students. Symbols that he and his students create are readily 

understood by all. 
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Practices of Concept Map Usage Among a Group of Experienced Educators 

Experienced teacher findings 2: Experienced teachers discuss the practice of 

using concept maps with a focus on accomplishing multiple objectives.  

The practices of using concept maps in the classroom mentioned by the 

experienced teachers were quite varied. One of the noticeable things about the practice 

of these experienced teachers is that they have established their concept map uses in the 

classroom in order to accomplish several purposes within each application. One example 

of this is the middle school and high school math teacher who uses an ongoing concept 

map to cover a multitude of purposes. “I’ve used them with my algebra groups, sort of 

one concept map to cover a number of different tasks.” Math is often perceived as 

fragmented; each chapter covers a topic, and often the relationship between chapters is 

overlooked. As her class begins a new chapter she has them work in groups to survey the 

chapter. During their survey they make notes on cards pertaining to the topics within the 

chapter. Then the students rank and prioritize the cards into one of three categories, 

“what they know, what they kind of know, and what they have no idea about.” Each 

group creates its own concept map, using any theme or pattern they agree upon. They 

use colored sticky notes on the map to designate the three categories; pink for “no idea,” 

yellow for “kind of know,” and green for “know.” The concept maps are posted around 

the room during the entire time they are working in the chapter.  

As we go through the chapter, they start rearranging their sticky notes so that I can 
see how the pink items that they had no idea about change color. Then when we’re 
pretty good with seeing the green on everybody’s maps, then we know that most of 
the people have gotten most of the concepts and you can see exactly what areas 
they’re missing. 
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The teacher has a clear visual of concept understanding throughout the chapter. 

“It helps me and it helps them.” This technique provides the students with a means of 

visually seeing the connections between concepts within the chapter as well as 

connections to concepts carried through from other chapters. “It takes an idea from the 

chapter and has them see visually how everything fits together.” The students have the 

flexibility of being able to rearrange items, ideas, as they work with them. “I think 

adding any kind of visual to something as abstract as algebra really makes a huge 

difference with them.” 

Through the application of concept mapping to algebra chapters, she has 

accessed her students’ prior knowledge, set the stage for the teaching and learning which 

will take place, identified their understanding of the concepts throughout the chapter, 

and helped them to discover missing or incorrect connections in their understandings. 

Her students have successfully surveyed the chapter, prioritized the information in the 

chapter, developed new understandings, and recognized patterns and relationships within 

the chapter and across multiple chapters.  

The 5th grade teacher described a variation of the “What I know, What I want to 

know, and What I think I know” chart to include a family component. “We add, What 

my family wants to know.” According to the teacher, this brings the family into the unit 

of study and as each student adds to the class concept map, the class develops an 

understanding that reaches out into the community. 

Several practices mentioned by the experienced teachers could be viewed as 

logistical. Two teachers mentioned using concept maps as a homework assignment. “It’s 

what I call an uncheatable assignment.” It is a visual means of being able to study. “It’s a 
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visual way of being able to represent what they read, and show me that they actually 

understood what they’re reading.” When the students bring the maps in to class, the 

ideas become springboards for class discussion. “What a great way for kids to start 

discussing the information you’re going to teach in a chapter.” When they realize that 

not all the maps are the same, they start debating ideas about the content. “You got that 

as a main topic? I got this as the main topic.” The ensuing conversation among the 

students generates interest and enthusiasm for the content. “They are interacting and 

debating the content, and the teacher is not presenting the content but developing the 

content.” The concept map becomes a tool, a safe way for the students to experiment 

with learning on their own. “To see other kids trying it is hugely influential to them 

understanding and seeing that this classroom is a community.” 

One of the teachers keeps the classroom filled with visuals and uses them as 

teaching guides. “Everything we do in the classroom becomes some kind of visual that 

you can recreate.” She wants them to be constantly surrounded with cues. “I think 

there’s great potential in concept mapping to measure and help strengthen a child’s 

ability to reason vertically and horizontally.” 

One participant mentioned a strategy he developed for students with processing 

disorders as a way to get the kids to cue themselves. He invites the students to create 

their own specific shapes for the symbols, “the shape of the node should be a visual cue 

linked to the idea.” If they develop their own symbols for an idea, they are connecting to 

their visual processing and are then able to identify the ideas related to that symbol. “I’m 

trying to give them this training to cue them to recognize a theme, an idea, a shape.” He 

also sees a potential for cross-disciplinary efforts, since this could relate to an art project 
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as well. “It opens a window of opportunity into this whole visual hemisphere of 

learning.” 

Comparison of Experienced Educators’ Purposes and Practices with Preservice 

Teachers’ Perceptions of Concept Map Usage 

While there was overlap in several of the purposes of concept maps, the 

preservice teachers were very limited in their perceptions of potential for concept maps 

(see Figure 2). 

Both groups of teachers mentioned accessing prior knowledge. Two preservice teachers 

mentioned using a concept map to identify their students’ prior knowledge. Three of 

them recognized that their own first map showed a lack of prior knowledge in the 

content area, yet failed to identify that purpose as an asset for concept maps. The 

experienced teachers were specific in identifying prior knowledge as a key factor in their 

uses of concept maps. Realizing students’ prior knowledge allows the teacher to plan the 

instruction to use that prior knowledge as a foundation for new learning. 

The visual element of determining student understanding was mentioned with both 

groups of teachers. The preservice teachers definitely wanted to assure student 

understanding of the content, how they could best grasp the concepts and the 

relationships between concepts. They made a number of references to their students 

using the visual context of concept maps to clarify understanding of content. It was 

important to them that students were able to see the relationships in order to be able to 

connect to it. The experienced teachers mentioned several practices in which student 

understanding through a concept map is a purposeful goal. One example is posting the 
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Figure 2. Comparison of uses of concept maps by preservice and experienced teachers 

 

maps of the algebra chapter in the room throughout the time in order for both students 

and teacher to have a visual demonstration of progression of understanding. Another was 

using a visual map of the student’s room to chart the quadratic formula, connecting a 

well known idea to a challenging one. 

The experienced teachers were specific about ways to use concept maps as 

assessment tools; by making assessment visible, using maps built through the unit for 

assessment, using student-generated maps on tests, and identifying areas where 

relationships between ideas are missing or incorrect. The preservice teachers identified 

the use of pre-and post- concept maps as a way of analyzing student learning. One 

student had incorrect relationships on her first map which were corrected on the second 
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one; however, she never recognized that initial misconception in her comparison of her 

maps. 

The preservice teachers in this study clearly identified concept maps as planning 

and organizing tools. All of them made some reference to this usage in their 

conversations. The format of the study with the concept map template gave them that 

perspective, which, while limited in use, is certainly a means of becoming comfortable 

with concept maps. The use of concept maps as planning tools was mentioned among the 

experienced teachers as a way to help with time management issues and to connect with 

other teachers through school-wide curriculum maps. Seven of these educators mentor 

new teachers and mentioned that inexperienced teachers often spend a great deal of 

classroom time focused on minor portions of the curriculum without ever touching on 

the essential question for the unit. “I like to have teachers look at a concept map of the 

curriculum.” One suggested that teachers can effectively integrate curriculum across 

disciplines and make links to other teachers’ curriculum. There are a variety of 

curriculum mapping books and software available which help teachers create those 

connections; Atlas Rubicon is one that was mentioned. The preservice teachers thought 

about concept maps as planning tools from the perspective of an immediate, day-to-day 

need, while the experienced teachers thought about planning and concept maps from an 

overview perspective. 

Other purposes of concept maps identified by the experienced teachers which 

didn’t occur to the preservice teachers included: a study tool, a means for independent 

learning, an opportunity for cross-cultural learning, a way to develop students’ self-
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esteem, a prioritization of content, a means of creating personal relevancy, and a source 

of differentiated instruction. 

The experienced teachers offered some recommendations to new teachers 

entering the field. They suggested integrating the concept maps found in most 

curriculum materials. These maps could help identify key concepts in the content so 

teachers keep their activities and class time relevant to the important aspects of the 

curriculum. They also suggested becoming familiar with concept maps as a means of 

offering differentiated instruction to students in their classrooms. 

Experienced teachers’ advice for new teachers was to step back and examine the 

educational model to come. “In today’s world where information is ‘cheap’ in a way, the 

role of the teacher is going to change from deliverer of content to trainer, to coach of 

thinking. Toward that end, it’s going to be all higher order skills.” 
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CHAPTER 5 

 DISCUSSION, IMPLICATIONS, RECOMMENDATIONS, REFLECTIONS 

This study looked at the use of concept maps as a metacognitive strategy to 

explore preservice teachers’ perceptions of their science content knowledge, teaching 

practice, and reflective processes. The analysis of the participants’ concept maps and 

interviews has led to the findings previously addressed and listed below. The discussion 

of the literature supporting those findings, conclusions of the study, recommendations 

for future research, and reflections on the process follow. 

Concept Mapping as a Strategy for Developing Content Knowledge 

The strategy used in this study of creating a pre- and a post-concept map allowed 

the participants an opportunity to examine one element of their growth in content 

understanding through comparison of their two maps. Studies on the use of concept 

maps and graphic organizers indicate positive effects on comprehension of content (Mok 

et al., 2006; Romance & Vitale, 2002; Shavelson et al., 2005). Student comments in this 

study support that finding, though when specifically asked they did not recognize it as an 

increase in comprehension, but simply as the process of thinking about the content in 

order to create the map. One student recognized that having more awareness of the 

content of the topic enabled her to be more detailed on her map. “It was easier in that 

sense to actually put it on paper.”  
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Concept Map Connections 

Content finding 1. The concept maps these participants created clarified their 

understanding of the organization of connections and relationships within the content 

area selected for five of the seven participants. 

Since the stated purpose of this study is to explore possible connections between 

preservice teachers’ perceptions of knowledge of both science content and pedagogy, 

and the metacognitive strategy of concept mapping, it seems logical to look at the 

participants’ comments about the topic of connections. Initially, the students were 

unclear about the idea of showing connections through a concept map. “I just didn’t 

know how that was going to happen or why they needed to be connected.” After they 

found specific content information and figured out what to do with it, they felt they had a 

better understanding of how to use connecting words on the concept map. One student 

commented, “I have a lot more connecting words, so I think that makes it more helpful.” 

This observation indicates that while seeming to perceive the connecting words as part 

of the process of creating the map, she was actually developing her understanding of the 

connections between the concepts. Shavelson, et al. (2005) refer to a conceptual 

framework for student achievement focused on various types of knowledge. The 

structure of declarative knowledge, which is factual or conceptual knowledge, is more 

effectively analyzed with concept maps which provide a visual representation of the 

connected understandings within a particular content. This student’s comments and her 

maps demonstrate the visual representation of growth in her connected understandings. 

Five students’ ideas about using the concept map to demonstrate connections 

evolved by the time they created their second map. Their first maps followed the basic 
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framework with no additional connections, but the second ones included subtopics and 

the connections between the ideas. “The second one, I still used the framework but I put 

my own ideas in.” Their first map established prior knowledge and set a framework for 

developing new knowledge and making new connections. As they collected new 

information for their topic they were able to relate it to their own existing knowledge 

base. It became easier to extend those relationships to connect new ideas. 

Marie believed that the connections between the various sections made the 

process of creating the map easier. “I just feel like they all built off each other.” She used 

the word intertwine to describe the connections. As she created one section, it naturally 

led into the next one. Novak and Gowin (1984) refer to the use of concept maps as a tool 

to recognize new relationships and hence new meanings. He indicates that the process of 

drawing concept maps can contribute to developing new relationships between ideas. 

The concept map serves as a template for students to organize and structure new 

knowledge within their established framework of existing knowledge. Marie’s 

perception of intertwining indicated her developing understanding of the relationships 

among the concepts. 

After completing her second map, Heather indicated an improved understanding 

of the use of the concept map to demonstrate relationships showing how concepts are 

connected. The use of graphics on the map allowed her to make logical connections 

between the actual content and the process. “It was fun to find pictures and get it 

organized so I understood it.” This demonstrates Bruner’s (1977) ideas relating to the 

importance of structure in learning, “If earlier learning is to render later learning easier, 

it must do so by providing a general picture in terms of which the relations between 
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things encountered earlier and later are made as clear as possible” (p. 12). Keith also 

recognized visual links between ideas made possible through concept maps. He 

understood the visual perspective of linking the various sections of the lesson together. 

“It’s easier to visualize how different parts of the lesson affect each other.” He made a 

comparison between concept maps (this specific template) and traditional typed lesson 

plans. “If you could see my organizer, it would probably be a lot easier for you to see the 

connections and how things interact.” 

As Jennifer thought about using concept maps with her future students, she 

mentioned a number of ways older students could effectively use them. However, she 

was specific about younger students’ difficulties in making connections. “If I were 

teaching kindergarten, I would make one for them because they can’t connect ideas 

together.” She indicated she would have to explain the map to them in order for them to 

understand the connections. “Then they would be able to connect it together. That would 

be a good feeling.” Jennifer’s notion of younger students being unable to make 

connections between concepts is counterintuitive and not supported in research, although 

her idea of leading students through the process of understanding the connections is 

certainly appropriate. Concept maps can be a useful instructional tool in preschool 

education if introduced in a developmentally appropriate manner (Birbili, 2006). “In 

preschool education, direct instruction and modeling of concept map creation are needed 

in order for children to see their purpose and eventually create their own concept maps” 

(par. 20). 

Keith cited an example of how his students were able to make connections 

through a concept map. His lesson, and the maps the students were creating, related to 
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the five categories of mammals. He had asked his students to show examples of each 

category on their maps. Because of the hierarchal structure of the map, the students were 

able to see the differences among the categories, yet they were also able to see that each 

category maintained the defining characteristics of mammals. “Even though they were 

so incredibly different, they see how they all connect back and how they were all the 

same.” The links represented in the hierarchal arrangement on concept maps helps 

students construct meaning through the relationships (Novak & Cañas, 2006). 

Interactions in the focus group interview brought up other observations about the 

connections made visible through concept maps. These preservice teachers have noticed 

some fragmentation in the science textbooks used in schools. They know that, once in 

their own classrooms, they will be responsible for making sure their students understand 

the core concepts in science. “As a teacher you have to be able to pick and choose and 

pull it the way you think it works better in order to get at those core concepts.” They 

agreed that concept maps could be a more logical way of helping their students make 

those important connections in science knowledge. Novak and Cañas (2006) indicate 

that when concept maps are used in instruction, including student-created maps, students 

will be able to make sense out of science or any content area.  

The focus group noticed that creating concept maps demonstrates a personal 

perspective on the connections; each individual has to identify the connections between 

concepts in their own manner. They agreed that making the connections between ideas 

to see how those ideas are linked is a logical progression, yet, “everyone’s will look 

different and what makes it a logical step is just how you see it.” It is important to 

personalize those connections. Individuals vary in their understanding of knowledge. 
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Meaningful learning will necessarily vary among individuals, yet personalized 

connections can be made visible through concept maps (Novak & Cañas, 2006). 

Concept Map Organization 

Content finding 1. The concept maps these participants created clarified their 

understanding of the organization of connections and relationships within the content 

area selected for five of the seven participants. 

In a review of research on how people learn, one of the key findings involved the 

ability to develop competence in an area of study (Bransford et al., 2000). They found 

that students need a foundation in factual knowledge, they must be able to place the facts 

and ideas within a conceptual framework, and they must have that conceptual framework 

organized in a manner that makes it easy to retrieve the information and use it. They 

indicated that disconnected facts about a topic are ineffective and do not facilitate 

learning. One of the purposes of education is the development and organization of that 

conceptual framework so students can apply knowledge and readily transfer it to new 

situations. Effective understanding of content as well as the ability to think about that 

content involves knowledge of the core concepts in that field of study and the 

organization of those concepts; an attribute of expertise in a particular field of study is 

organized understanding of the key concepts in that field (Berliner, 2001). 

The arrangement of concepts to represent relationships between ideas provided 

the participants in this study with an organizational perspective that seemed to add a 

feeling of security for many of them. Marie said, “The big thing was organization. My 

brain gets so scattered and this helps me focus in.” Rose appreciated the organization of 
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the template as a way of comparing segments of a lesson. “It made comparing specific 

aspects easier.”  

Novak (1998) indicates that concept maps are an effective means for teachers to 

organize knowledge for instruction as well as being a learning tool for students. All the 

participants mentioned the organizational characteristic of concept maps. They equated 

this usage to a planning tool for lessons. Betty and Lori mentioned organizing materials; 

Jennifer and Heather both acknowledge having thoughts organized on paper. Rose and 

Keith mentioned seeing the visual organization at a glance while the organizational 

aspect of the concept map appeals to Marie’s learning preferences. Marie liked having a 

visual listing of materials, resources, strategies, and assessment available to help her stay 

focused on the lesson. 

Two students indicated the use of organizational features to add clarity to the 

map. The logical arrangement of symbols on her map makes it easy to follow. They felt 

confident with the use of the map as an organizational tool. The ability to organize 

knowledge can be as important as the knowledge itself (Bransford et al., 2000).  

Rose believes that the use of concept maps should give her an organizational 

overview, the “big picture” for her lessons. This notion is supported by research 

(Bransford et al., 2000) that experts’ organization of knowledge centers on core concepts 

or “big ideas” that guide their thinking.  

The ability to organize the map in a personal way was important to three of these 

participants. They liked being able to make changes in color, shape of nodes, and links 

to create a tool which would have personal value to them. One student felt that the 

format of the template provided her the additional organizational component of being 
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able to compare lessons for continuity. Novak and Gowin (1984) indicate that the 

organizational format of concept maps is a strong component in acquiring knowledge; 

concept maps provide a visual road map for constructing meaning. Knowledge becomes 

organized around important concepts in order to develop meaningful patterns of 

information.  

 Visual Elements of Content Understanding 

Content finding 2. The visual elements of concept mapping improved these 

participants’ understanding of the selected content. 

Burmark (2002) believes that the primary literacy for the 21st Century will be 

visual. Students must be able to process and interpret words and images. Visual images 

can be considered a language; visual literacy can be defined as the ability to understand 

and produce visual messages. Christopherson (1996) writes that “a visually literate 

person should be able to: interpret, understand, and appreciate the meaning of visual 

messages; communicate more effectively by applying the basic principles and concepts 

of visual design; and use visual thinking to conceptualize solutions to problems” (p. 

171). Quality educators seem to know intuitively that visual images help learners 

understand and remember abstract information, complex ideas and relationships between 

concepts. Thus, the connections made visible through the use of concept maps serve to 

strengthen content understanding. When student thinking is made visible, ideas can be 

discussed and clarified (Bransford et al., 2000). 

The ability to see the connections in a visible format was an important element 

for these participants. One participant indicated that graphic organizers made the 

associations between ideas more visible. He saw it as a planning tool to make sure all 



 123  

those connections have been made, linked visually as well as conceptually. Concept 

maps are tools for understanding the meanings of the concepts held by the student, 

offering a visual expression of students’ organization of concepts (Novak & Gowin, 

1984). 

Another focused on the satisfaction of creating the initial concept map by hand. 

She liked being able to vary the appearance of the map. This links to Christopherson’s 

(1996) description of visual literacy; being able to communicate more effectively 

through the use of visuals. Two participants felt that their students would be able to use 

the visual of the concept map to break down the parts of a lesson or topic into easier to 

understand components. Novak and Gowin (1984) indicate that most written or spoken 

information is generated in linear format, while our minds store information in a 

hierarchal format. The concept map allows students to translate that linear format to a 

more meaningful visual hierarchal pattern. Participants appreciated the visual aspect of 

linking the various sections of the lesson together. This idea is supported by Novak and 

Gowin (1984), who see one of the educational uses for concept maps as a way of 

mapping out a learning route. 

The format of the concept map provided a means of visual differentiation for four 

of the participants. Two participants’ maps showed visual separation between subtopics; 

they included graphic images to further clarify the concepts included. Maps were very 

detailed and demonstrated a much clearer understanding of the visual component of 

concept maps through the use of colors, shapes, and graphic symbols representing 

content. In one case, the second map was not as clear visually; she included three lessons 

on the map and used only a single symbol for the nodes, making it confusing visually. 
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Visual thinking is not necessarily an inherent skill; in most students it must be developed 

(Rakes, 1999). Considering the vast amount of visual images found in all types of print, 

media, and text materials, visual literacy is a comprehension skill to include in education 

programs. 

One participant believed that the visual of concept maps would be an asset for 

her science skills. She utilized the graphics to provide her with a cue for teaching as well 

as a visual supply list. She felt her future students would be able to interact visually with 

the content as they create their own concept maps, providing them with a visual memory 

jog. Bransford et al. (2000) examined how experts differ from novices and identified a 

key principle involving how experts recognize meaningful patterns of information to 

organize knowledge, retrieve stored knowledge, and place new knowledge within those 

organized patterns. 

Two participants categorized themselves as having auditory learning preferences, 

yet appreciated the visual organization of the concept map. Humans have used visual 

images to create meaning for thousands of years. There has been recent evidence to 

suggest that the combination of visual images with text can improve learning. Paivio 

(1991) refers to “dual coding” as information presented to the brain in different forms, 

visual and verbal. His idea is that the brain is able to connect independent systems of 

processing to reinforce memory. Research reinforces the intuitive idea that combining 

visual imagery with written text supports and strengthens learning. Concept maps 

provide an optimal combination of visual images with text, arranged in a hierarchal 

format to portray relationships among concepts.  
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Color was certainly a component of the visual element of concept maps for most 

of these participants, There have been several studies on the effects of color. Colors have 

taken on a great deal of metaphorical significance; blue-light specials, pink slips, rose-

colored glasses, and true colors (Burmark, 2002). Color brings out emotional responses 

and is a powerful resource. Color elicits responses and contributes to meaningful 

learning. Color provides the initial element of visual images. 

 Four of the participants utilized the color component in the design of their maps. 

They showed specific differentiation among sections of the map and subtopics through 

the use of different colors and different shapes. They used color and shapes to indicate 

the level of the subtopic in various sections of the map. Some were created on the 

computer and those participants enjoyed the process of utilizing the colors and graphics 

available through the software program. They used a variety of symbol shapes and 

colors to clearly differentiate levels and categories on the map. Their use of color to 

show relationships and to differentiate sections on the map indicates an improved 

understanding of the use of concept maps to demonstrate relationships between 

concepts. The use of color also adds visual impact to the map and increases retention 

(Burmark, 2002).  

Advertisers understand the strength of color and make effective use of it in their 

packaging. Burmark (2002) describes research conducted by the 3M corporation which 

reported that: “Color visuals increase willingness to read by up to 80%; using color can 

increase motivation and participation by up to 80%; and color enhances learning and 

improves retention by more than 75%” (p. 10). The inclusion of color as a component of 
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visual literacy creates a combination of effects that can be a dynamic combination for 

student and teacher concept maps. 

Process of Creating Concept Maps 

 Content finding 3. The process of creating the maps increased the participants’ 

understanding of the content 

 The process of creating a concept map was an important element for developing 

a deeper understanding of content. Four of the participants identified the process of 

creating the concept map as reinforcement for their content understanding. “I kind of got 

a good knowledge base on the content.” Marie recognized that her second map was more 

detailed due to her subject matter understanding: “It flows so easily.” Mok et al. (2006) 

report in a study using concept maps that the maps drawn at the end of the study showed 

significantly more relationships than those drawn at the beginning of the learning and 

indicated an increase in depth of understanding. These participants’ perceptions of their 

understanding were confirmed by research. Five of the prospective teachers indicated 

that their prior knowledge was sketchy but research on content allowed them to be more 

specific on the second map. They acknowledged a better understanding of how ideas and 

concepts relate to one another. “I understood what things should be grouped together and 

what is important to include.”  

The preservice teachers in this study perceived the process of creating their 

second concept maps as a factor in strengthening their understanding of content 

knowledge. They tended to credit their growth of understanding to the research they had 

done to prepare the assignment for class. Mok et al. (2006) studied self-assessment, 

which included a concept mapping component. The study offers specific evidence of 
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increased depth of understanding through analysis of the concept maps drawn by 

participants. Reflections of the participants in the study indicated that the strategies 

assisted their metacognition and self-directed learning. Based on that research, one can 

conclude that while these preservice teachers credited their increase in understanding of 

content to the process of creating the map, that depth of understanding was also 

reinforced by the metacognitive reflection required of them during that process.  

Recent research on the differences in the way experts and novices process 

knowledge also provides insight into the perceptions of these preservice teachers. 

Research on expertise in numerous fields (Berliner, 2001; Bransford et al., 2000) 

indicates that experts have acquired extensive knowledge that affects how they organize, 

represent, and interpret information. Experts are more likely to notice patterns in 

information which affect the way they process new knowledge so that it becomes part of 

a framework rather than isolated facts (Bransford et al.; Lin & Tsai, 1999). Shavelson et 

al. (2005) relate this to Chi et al., (1988) conclusions that one aspect of expertise is 

related to the organization of knowledge in elaborate structures, while novices have less 

content knowledge arranged in a less coherent manner. The participants in this study 

certainly fall into the novice category as both teachers and learners; novices who are 

learning about monitoring their own understanding of content knowledge and teaching. 

Additional research on how experts and novices in a field create concept maps and 

respond to concept maps could add to knowledge in the field. 

Concept maps created in this study provided these participants with multiple 

experiences for understanding science content knowledge and for organizing that 

knowledge into meaningful patterns. The process of creating the maps allowed the 
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participants to increase their depth of understanding of the chosen material. They 

developed a fuller realization of how the ideas and concepts relate to one another. This 

increased understanding was reinforced by the metacognitive reflection required during 

the process. 

The organization of concept maps ties into the research on expertise. Experts 

have factual knowledge set within an organized conceptual framework in which to place 

new information and connect it to existing knowledge in a manner which facilitates 

retrieval of that information. The participants noted the organization of their maps as a 

visual reference for the content, a resource for understanding both the content and 

teaching strategies. The maps provided them with a planning tool and a means of 

comparison across lessons. The connections made through the concept maps gave the 

participants an increased understanding of the content they were developing. They 

readily identified the relationships between concepts and the hierarchical arrangement of 

those concepts. 

Visual literacy is being able to understand and interpret visual images, 

communicate effectively with visual images, and to use visual thinking to organize and 

solve problems. Concept maps provide a means of making student thinking visible. All 

of the participants commented about being able to see the connections between concepts. 

The participants were able to make visual differentiations among sections of their maps 

and use the maps to represent patterns within the content. They saw the maps they 

created for this study as visual representations of the lessons they created, providing 

them with a visual cue for teaching. The prospective teachers also recognized that their 

future students would readily identify with the visual format of the maps. 
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In summary, concept mapping as a strategy for these beginning teachers to use as 

they prepare for their teaching experiences gives them an effective tool for deepening 

their content understanding and organizing that content into a meaningful format. This 

can increase their confidence in their science content knowledge. 

Perceptions of Teaching Practice: Planning, Instruction, Assessment 

Concept Maps as Planning Tools 

Teaching practice finding 1. All of the participants perceived concept maps to be 

beneficial as a planning tool. 

The concept map template created for the study was designed to include both 

teaching strategies and content of a lesson, although it was not specifically intended to 

be a lesson plan template. All of the participants in this study addressed the role of the 

concept map as a planning tool. 

The template used for this study was created after meeting with the professor of 

the science methods course in order to have a document which would accomplish her 

requirements for the students and provide data for this research. One of their 

assignments for class was to use the State Standards, Big Ideas, and Benchmarks to 

create a lesson and present it to their class. The template links science standards to both 

science content and teaching strategies for the specific lesson. Throughout this research 

study, the concept map template as a lesson planning tool became a key element for the 

participants. All of them made some reference to the benefit of having all the 

components of the lesson represented in a single page, easy to read document. The 

concept map template became a significant tool for this study. This template was 

effective for the purposes intended for this study. Several of the participants recognized 
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the usefulness of the template layout during the interviews. The first concept map of five 

of the participants was clear and specific, while six of the participants’ second maps 

showed clarity. With additional practice and experience in its use, this template could be 

an effective planning tool for these participants as well as other preservice teachers. 

Practice with the template could provide new teachers with the confidence level to use it 

as a guide for teaching and planning. 

 The idea of concept maps as planning tools for teachers is one that has 

not been addressed extensively in the literature. Vitale and Romance (2006) explored 

using propositional concept maps along with other instructional strategies to create an 

instructional system to improve student content area understanding. They have 

developed an enhanced model of a knowledge-based teaching system. The Knowledge 

Based Instruction (KBI) Model (p. 3) which they developed over a period of time uses 

concept mapping as a core component. Their model can be compared in a general 

manner to the template developed for this study. Their KBI model includes a section for 

the “Role of Teachers in Instruction” and “Roles of Students as Learners.” Their model 

includes cross-links in order to see the relationship between instruction and learning. 

 The participants in this study were enthusiastic about the use of concept maps as 

a planning and organizational tool for them as teachers. They liked the idea of having a 

visual lesson plan, clear and concise, available to guide them as they prepare and teach 

their lesson. The process of thinking about what the teacher does and what the student 

does throughout the lesson helped them see and understand the relationship between 

those two events. This is an aspect of concept mapping which should be considered for 

further research. 
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Concept Maps as Instructional Tools 

Teaching practice finding 2: These participants found various potential uses for 

concept maps as instructional tools, especially for their future students 

Participants in this study found many uses of concept maps as instructional tools. 

Two students mentioned using the concept maps as a way of accessing what their 

students already know about the topic. Novak and Gowin (1984) support this educational 

application of concept mapping. “The most important single factor affecting learning is 

what the learner already knows” (p. 40). All learners bring in knowledge, skills, and 

beliefs that affect what they notice about a learning environment. This affects how they 

interpret new knowledge and how they organize it (Bransford et al., 2000). 

Participants saw concept maps as a way to organize the knowledge that students 

bring in a personal way. They looked forward to working with students to enable them to 

organize their thoughts in a way that makes sense to them. Meaningful learning involves 

having that framework of prior knowledge arranged in a way to be able to access it, and 

being able to place new knowledge within that framework so that it makes logical 

connections (Bransford et al., 2000). 

Novak and Gowin (1984) discuss another educational application for concept 

maps. They see concept maps being used as a global overview of a unit or as a detailed 

perspective of a specific part of a lesson. This aspect of the concept map appeals to 

Rose; she anticipated using it as a pre-organizer for her students, to enable them to see 

where each step of the lesson would fit into the map and the overall concepts. She felt 

that this would effectively connect each of them to the content, no matter where they 

begin. The participants in the focus group discussion mentioned that they have learned to 
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develop a “hook” to get students started thinking about the topic and to help them, as 

teachers, understand the extent of their students’ prior knowledge. This provides them 

with a base for teaching the topic and a comparison point at the end. The idea of the 

concept map as a road map for learning can also provide a transition from one content 

area to the next. 

The participants mentioned using concept maps in a variety of teaching 

strategies. One saw it as an opportunity for modeling with her students, creating a map 

together to demonstrate the thinking process involved in concept mapping. Another felt 

that having the visual, the concept map, there as she teaches would help her focus on the 

steps she has to follow while reminding her of the connections between the concepts. 

Concept maps can be used to generate student interest and enthusiasm for the subject. 

Relevant and stimulating approaches to science content provide students with a positive 

learning environment (Darby, 2005). 

The idea of students learning to use concept maps to organize information for 

themselves is one which appeals to several of the participants and is supported in the 

literature. One of the educational applications mentioned by Novak and Gowan (1984) is 

as a tool for preparing to write a paper or prepare a presentation. Since ideas are 

organized in our minds in a hierarchal format, putting the basic ideas for a paper or 

presentation in a concept map is a logical way to begin since the map shows the 

hierarchal arrangement of concepts. These concepts then form the beginning of the 

paper, which is a linear structure. One mentioned being able to have her students create 

concept maps of their texts to facilitate content understanding and provide them with a 

method for reading texts. She also thought that her students could use concept maps to 
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help them plan presentations. Another believed that having her students create their own 

concept maps would provide them a means to interact with the content in a way that 

would make sense to them and would give them a useful tool for understanding the 

printed word and making meaningful relationships between concepts. One participant 

had the opportunity to observe students making connections from seemingly disparate 

ideas; his students were able to compare the various types of mammals to see how they 

are alike and how they are different. He could see that the students were engaged with 

the content and absorbed in the learning.  

Rose recognized an advantage of the visual component of concept maps; keeping 

the state standards as a central focal point for the map and the lesson. This was also 

brought up in the focus group interview. They understood the importance of keeping the 

standards in mind and avoiding the temptation to include an activity that seems 

interesting without first making sure it has a connection to the standards. As novice 

teachers, they have been trained in the importance of keeping focused on defined 

standards, yet they will also need to develop the pedagogical content knowledge to 

effectively guide their students to understand those standards in relation to the content. 

The concept map could allow them to make those connections and keep the connection 

visible throughout the lesson. The fact that these students identified this as an 

instructional strategy indicates that they have learned through their courses to think 

about the standards as they plan and teach. This could also be a determining factor for 

them to develop their concept mapping skills in order to maintain this visible connection 

between their teaching and the state standards. 
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The best way to help students learn meaningfully is to help them see the nature of 

concepts and the relationship between concepts (Novak and Gowin, 1984). Keith 

realized that students would need to see those connections, those relationships, between 

concepts to help them understand. That is how he saw the link between pedagogy and 

concept maps. As a teacher he would be able to model the use of concept maps to 

demonstrate the relationships; he would also be able to guide his students through the 

process. He is developing an understanding of what he will be doing as a teacher and 

how that relates to what the students will be doing. He realized that his effectiveness as a 

teacher will be gauged by how well his students learn. 

The participants in this study realized several uses of concept maps as an 

instructional tool. One of the primary functions is for students to be able to visualize 

their prior knowledge, and then be able to place new knowledge within the framework of 

what they already know. There are multiple ways to accomplish that, and a concept map 

offers a means of making those connections visible and memorable. 

Concept Maps as Assessment Tools 

Teaching practice finding 3: The participants in this study did not recognize the 

use of concept maps as an assessment tool. 

The concept map as an assessment tool is well documented in the literature, 

although these participants did not realize the potential of concept maps as an evaluative 

tool. Concept maps can be used as a formative or summative assessment tool. Concept 

maps can effectively demonstrate changes that occur in a student’s knowledge structure 

over time; this was the strategy utilized for this study. “Concept maps are thus powerful 

tools for observing the nuances of meaning a student holds for the concepts embedded in 
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his or her map. When concept maps are conscientiously constructed, they are remarkably 

revealing of students’ cognitive organization” (Novak & Gowin, 1984, p. 35). 

The participants in the focus group interview indicated that the maps could 

provide them as a teacher with a means of understanding their students’ level of 

understanding of concepts. “It helps the teacher to see where they’re at before and after 

the lesson.” This group also identified that concept maps could give a visual of student 

understanding during the lesson and at the end of the lesson or unit. They addressed the 

idea of concept maps as a tool for checking student understanding, even though the 

student maps would be varied and individual the teacher would be able to determine the 

nature of the content they displayed as well as the quantity of content visible. Shavelson 

et al. (2005) indicate that concept maps can provide representations of students’ 

understanding of connections among concepts. They also suggest that concept maps can 

effectively show knowledge students have acquired over time and how that knowledge 

fits into the already established knowledge base. 

Marie observed that her second map flowed easily and she was able to review 

what she had as she went along. Each section seemed to naturally lead into the next one. 

This indicates a level of self-assessment in the creation of the map. More experience in 

using concept maps would develop this self-assessment tool for her. The ability to 

monitor one’s own learning and make adjustments is a key metacognitive tool.  

One participant quickly identified a missing idea on her first map, no mention of 

what her students would learn. One of the nodes, Know What Student Learned, is where 

these participants included the forms of assessment they would use for their lesson; she 

had indicated only content in that node. In her second map she listed multiple ways her 
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students would demonstrate their understanding of the lesson. She was able to identify 

an invalid concept in her initial concept map. 

 One of the key uses of concept maps as assessment tools is to determine student 

misconceptions of content. Novak and Gowin (1984) indicate that concept maps are 

particularly effective for detecting misconceptions; they are generally quite evident 

either through a link that clearly shows a false connection or a missing relationship 

between two concepts. Concept maps can identify valid and invalid connections on a 

map in a non-threatening manner. One of the key findings by Bransford et al. (2000) is 

the fact that all students come into the classroom with preconceptions. If these 

preconceptions are inaccurate, they must be identified in order to redirect student 

understanding. Students’ existing knowledge can make it difficult to incorporate new 

knowledge if the ideas appear to be contradictory. New understandings are constructed 

on the foundation of existing knowledge, if that knowledge is invalid, the student will 

need an opportunity to understand the misconception in order to adjust the existing 

knowledge, and find a fit for new knowledge. Concept maps provide a way to make 

thinking visible for both student and teacher. This establishes a means for teachers to 

allow students to identify their own misconceptions in order to set the groundwork for 

conceptual change.  

While these students were able to see differences in their content understanding, 

they were not able to recognize invalid concepts. One had misconceptions in her first 

concept map relating to incorrect ideas regarding condensation; however, she did not 

identify them as such when she compared her maps. The misinformation was corrected 

in the second map. She did not indicate an awareness of the error or the correction. 
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Enger (1996) conducted a pilot study to explore concept mapping as an assessment tool. 

Qualitative inspection and analysis of the maps showed evidence of misconceptions and 

growth in student understanding. Lori’s maps indicated a growth in her understanding of 

condensation, even though she did not identify the misconceptions about it in her first 

map. 

Through the course of this study these participants were introduced to various 

uses and examples of concept maps. Assessment was one of the uses identified and 

discussed during the initial stages of the study. None of the student participants included 

concept maps as a part of their own assessment of how their students would demonstrate 

their understanding of the lesson. Only one of the students, Rose, mentioned it during the 

interview, almost as an afterthought: “You can see what areas might be missing.” She 

did not elaborate on the thought or add any further information. It was only in the 

interaction of the focus group interview that any discussion of concept maps as 

assessment tools was mentioned. All of the participants were very clear about the use of 

concept maps as planning tools, probably due to the fact that the template used for this 

study seemed to serve that purpose for them. Several mentioned various uses for concept 

maps in instruction; accessing students’ prior knowledge, an intriguing introduction to 

the lesson, a means for students to organize their information, and a road map for the 

lesson. The participants also indicated a variety of student uses for concept maps; 

organizing information from texts into a meaningful arrangement, planning for class 

presentations, comparing ideas, and even interacting with the content. 
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Reflective Process 

 “The reflection is the pause in the act of learning that deepens understanding and 

gives meaning to the learning.” (Fogarty, 2002, p. 211) 

 Metacognition, thinking about one’s thinking, refers to the ability to monitor one’s 

understanding and levels of mastery. For teachers, that includes self-assessment and 

reflection of what worked and what needs improving. One of the three key findings in 

the National Research Council’s How People Learn (Bransford et al., 2000) is that “a 

metacognitive approach to instruction can help students learn to take control of their own 

learning by defining learning goals and monitoring their progress in achieving them” (p. 

18). Recent research identifies metacognition as an important factor affecting learning. 

 The participants in this study were asked questions during their individual 

interviews and the focus group interview regarding their thought processes as they were 

creating their concept maps. The process of creating a concept map itself is a 

metacognitive activity since one is continually thinking and rethinking about the 

important concepts and the relationships between concepts. The comments in the 

interviews indicated reflective thinking along three primary themes: thinking about 

teaching and their future students, thinking about the process of concept mapping, and 

thinking about personal relevance. 

Reflections on the Practice of Teaching  

 Reflective process finding 1: The participants in this study thought reflectively 

about the practice of teaching but very little about the process of teaching. 

The perspective of student understanding was mentioned by all of the participants as 

they thought about concept maps and their teaching. This is a logical response since 
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these students are nearing the end of their teacher education program and giving a great 

deal of thought to the actual practice of teaching. They understood that learning takes 

place when the students can make sense of the ideas in their own frame of reference. 

Each learner has to be able to put information in context in order to make meaning from 

the information. The ability to see ideas in relation to other ideas guides that meaning-

making for the learner (Jensen, 2000). Meaningful learning happens when each student 

processes information in his/her own way by utilizing his/her own perceptual 

understandings and fitting new information into those existing understandings. 

Metacognitive reflection as a teacher will be an important component for these 

beginning teachers as they guide their students’ understanding. 

 Lori understood that her students would have a variety of ways of learning; she felt 

that concept maps could be beneficial for them. She believed that the use of concept 

maps would foster higher order thinking skills in her students. Even though the process 

was challenging for her, Lori appreciated the way it made her think and she realized that 

her students would readily adapt to the process. Researchers at Stanford (Jensen, 2000) 

indicate that using multiple formats and roles in instruction enhances learning. 

 The prospective teachers in this study felt that concept maps would have visual 

appeal to their students. Visuals have been shown to increase understanding of complex 

concepts as well as helping in the retention process. Concept maps provide a connection 

between aspects of ideas that may not be obvious in a linear format such as lists or 

outlines (Wolfe, 2001), but which can be identified through a visual hierarchical format. 

The visual relationships created through the concept map provide a means of 

understanding the patterns and putting the information in context. 



 140  

 Rose has thought about the various students she might have. She saw the 

effectiveness of the concept map as an advance organizer for her students, especially for 

students with special needs. Her ability to think about that need in her students is 

indicative of her own processes, how she perceives the map, and the way it gives an 

overview perspective. She had to evaluate her own growth in understanding in order to 

appreciate the value of the concept map for her students. She was also effectively 

integrating information across her coursework and making contextual connections. A 

research study by Gibbons (2008) on research based strategies for reaching English 

learners found that the use of advance organizers helped those learners make visual 

connections between science concepts. This strategy also set the framework for the 

lesson by connecting learners’ prior knowledge with new content to be learned. 

 The focus group interview with these prospective teachers brought up some 

additional ideas about teaching. They agreed that using concept maps as a pre- and post- 

teaching strategy (as was done in this study) should give them a visual indication of 

growth in understanding for their students. That growth in understanding would 

demonstrate progress for the students and foster students’ self-perceptions about how 

well they have learned. The process of thinking about learning and self-assessing 

learning fosters an awareness and sense of control of one’s own learning (Fogarty, 

2002). Self-assessment generates feedback which enhances student understanding (Mok 

et al., 2006). 

 The group discussion included the idea that core concepts in science are very 

important for their students to understand. They agreed that concept maps could be a 

logical way of demonstrating those core concepts for their students in order for them to 
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make the visual connections. Research by Romance and Vitale (2001) confirms this 

idea. Their study found that concept maps used and added to throughout the unit kept 

students focused on the core elements within the content and the hierarchal arrangement 

of the concepts. 

Reflections about the Process of Concept Mapping 

The process of creating concept maps was a skill with which these students were 

familiar; they had created them for some of their teacher preparation courses. However, 

their previous experiences with concept maps were limited. The participants’ initial 

responses when asked to prepare them for this study were confusion and uncertainty. 

Five of the participants acknowledged uncertainty while preparing the first concept map. 

Six of the participants indicated they were more comfortable with the second map. 

During the creation of her second map, one student indicated she was able to determine 

the key points of her lesson and concept map as she decided where to place each idea she 

was including. The process of giving thought to her content and deciding how to 

effectively place it all on her map moved this student from confusion in her first 

experience to satisfaction in the second one. This student seems to have been involved in 

successful reflective assessment, reinforcing her experience with positive self feedback; 

in doing so she experienced satisfaction in her self-assessment and enjoyed the process. 

Metacognitive activity involves the thinking that takes place when one plans, monitors, 

or evaluates one’s own learning (Fogarty, 2002). This student was monitoring and 

evaluating her experience with the concept map and planning each step. A metacognitive 

approach of self monitoring can help students determine their own learning goals and 

guide their progress in attaining them (Darling-Hammond & Bransford, 2005). 
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Another participant liked the freedom of being able to use the concept map 

format to organize ideas in a more personal way. She anticipated directing her students 

to organize ideas in a way that works for them. The ability to examine one’s learning and 

determine the most effective way to facilitate new learning is a metacognitive skill that 

can be taught; with direction, she will be able to show her students how to be effective 

learners. Learning can only occur when new ideas fit into one’s own organizational 

framework (Bransford et al., 2000). 

  Two students’ reflections focused on the process of creating the two maps and 

the differences between their initial map and their second one. While they attributed the 

differences in their maps to a better understanding of the content and the teaching 

strategies, research findings indicate that the process of actually thinking about and 

planning the second map also strengthened their understanding. Metacognitive strategies 

such as KWL charts and concept maps show evidence of increased depth of 

understanding (Mok et al., 2006). 

  Lori began her thinking about the concept map in terms of the hierarchal 

arrangement of the template. She looked first at the benchmark and then went to the 

more specific sections. “I had to figure out what I was going to teach, then I looked at 

how I was going to teach it.” One characteristic of many types of concept maps is the 

hierarchical organization with general concepts at the top and more specific ones 

arranged below with links clarifying the relationships (Novak & Cañas, 2006). Lori’s 

content understanding was reinforced as she thought about preparing the concept map. 

She knew that the two sections would be linked as she completed the process; she 

approached those connections in a way that seemed logical for her. Lori was engaged in 
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monitoring her mapping processes; she thought about a logical way to construct her map 

in order to include all the components, and then made sure they linked together. 

Metacognition often takes the form of an internal dialogue; Lori’s comments indicate 

that she was involved in this dialogue to make sense of her concept map.  

Finding Personal Relevance with Concept Maps 

 Reflective process finding 2: When these preservice teachers could find personal 

relevance in and through their concept maps, they were better able to be reflective about 

the process. 

Human brains are designed to seek meaning. In order for authentic learning to take 

place, information must be processed in a way that makes sense to the learner (Jensen, 

2000). This procedure will only happen when the information has relevance to the 

learner. Relevance is a personal perspective; each learner has to make his/her own 

personal connections in order for the brain to find meaning in new experiences (Fogarty 

2002).  

 Each participant in this study had a personal perspective to their involvement and 

participation in the projects. Since these participants were students in a teacher education 

program, one must realize that the immediate relevance for them was figuring out what 

they need to know and do to become effective teachers and what they needed to 

accomplish for this course. Beyond that, some of the participants recognized other forms 

of relevancy by the end of the study. Three of them acknowledged some degree of 

discomfort initially, indicating that the ideas they were encountering did not have 

personal relevance to them, at least at that time. Two of them indicated that the use of 

concept maps was not in alignment with their learning preferences. These participants 
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did not have a relevant ‘hook’ to enable them to make the necessary connections to any 

previous experiences. These perspectives changed by the end of the study; the second 

map became an enjoyable experience for the participants. Through the process of 

working with the concepts and making the visual connections on their maps, they were 

able to make the personal relevancy connections in a way that made sense to them. 

Novak and Cañas (2006) attributed the ideas of learning differences to many years of 

rote learning in school settings. They indicate that students who have been highly 

invested in rote learning have difficulty moving into a more meaningful learning format. 

 Two of the participants became frustrated as they tried to adjust their second map to 

remove what they perceived as confusion found in many concept maps. Even with the 

frustrations of creating a map that would demonstrate valid connections, these students 

were able to think about how to present the information on the map and in the lessons. 

Self-assessing and self-correcting are metacognitive skills crucial to new teachers and 

their prospective students. Effective teachers help students develop self-assessment skills 

(Bransford et al., 2000). 

In Teaching Thinking, Swartz and Perkins (1989) describe four levels of thinking and 

relate those levels to stages of metacognition. These levels of metacognition are 

identified in Fogarty (2002): 

They begin with tacit level, when a behavior is repeated because it is 
working, though there is no conscious awareness of that. The next stage is 
aware, when the behavior is noted consciously and thought about. The third 
stage is strategic, when the learner is aware of the behavior and actively 
works to repeat it. The fourth level is the reflective one when there is 
deliberate thought about the most effective way to do something; there is the 
assumption here of reflective thought guiding the behavior. (p. 220)  
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Jennifer believed that more experience with concept maps would enable her to 

expand and develop her knowledge base so that she would be able to change and adapt 

her maps to fit her needs. Though she was currently unaware of it, Jennifer was willing 

to move along the continuum toward expertise in being able to recognize meaningful 

patterns and organize information in a way that will allow her to make learning relevant. 

Jennifer was in the tacit stage of metacognition (Fogarty, 2002), where something is 

repeated because it is working, without a real understanding of why it is working. 

The experience of reflectively thinking about his concept maps gave Keith the 

opportunity to wonder about making additional connections on his maps to add context, 

“I could have connected what the teacher does with what the student does. Then I could 

see which ones match up between what the teacher does and what the student does and 

how those affect each other.” Novak (1998) indicates that an important use of concept 

maps is to keep teacher and students focused on the same meanings for the concepts. 

Keith’s ideas could lead to deeper learning for himself and his students. Novak and 

Cañas (2006) indicate that an important characteristic of concept maps is the use of 

cross-links, showing relationships between concepts in different areas of the map. Keith 

could step-up his own personal relevancy in concept maps by making those cross-linking 

connections; the fact that he thought about it indicates he was beginning to relate to the 

idea of using concept maps in his teaching.  

Lori reversed her usual way of approaching tasks; she generally begins with the 

parts of a project then puts it all together. Because of the format of the concept map, Lori 

was able to see the overview then break it into the various components. Lori was able to 

effectively synthesize the task in order to make it more meaningful. She acknowledged 
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that this was a harder approach for her, but one which allowed her to think about the 

project in a different way. “It gave me a better view of the whole thing.” Lori is showing 

adaptability in her approach to a new situation; she is being metacognitive in her 

learning. As a learner she was willing to adapt her approach, as a prospective teacher, 

she saw the value of looking at things from the part-to-whole perspective and the whole-

to-part perspective. 

The focus group discussion gave the participants an opportunity to share ideas 

about personal perspectives of concept mapping. They have had opportunities for 

reflecting on experiences, especially during their coursework: journals, observation 

essays, and reflective logs regarding lessons they have taught. As a group, they 

recognized the value in being able to make connections through concept mapping and 

making the relationships between ideas visible. They realized as they talked that those 

connections have to be personalized in order to make sense to them as individuals. 

“Everyone’s will look different and what makes it a logical step is just how you see it.” 

This relates back to the idea of personal relevance. Ideas have to make sense of new 

information by fitting it into already organized chunks of information (Bransford et al., 

2000; Fogarty, 2002). These students, prospective teachers, compared it to their 

teaching; they will certainly be individual and unique in their teaching, while working 

toward similar objectives and goals in the classroom. “The making and remaking of 

concept maps and sharing them with others can be seen as a team effort in the sport of 

thinking” (Novak & Gowin, 1984, p. 19). 
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Experienced Teachers’ Purpose and Practice of Concept Map Usage 

 The experienced teachers in the focus group interview referenced numerous 

purposes for concept maps. The experience of these teachers (147 years total in 

education) would indicate a degree of expertise coupled with successful practice. The 

purposes discussed by these teachers are well grounded in literature. 

Experienced teacher finding 1: Experienced teachers discuss the purposes of 

concept maps with a primary focus on student understanding and skill development,  

 A primary focus for these teachers was the goal of student understanding. They 

mentioned a variety of ways to reach that goal through the use of concept maps. Several 

teachers referenced the visual element of concept maps, particularly for students being 

able to connect abstract ideas to a concrete visual. These teachers discussed students 

being able to grasp difficult concepts and being able to understand where key ideas fit in 

relationship to each other, and they mentioned the use of concept maps to develop 

sequential reasoning skills. 

The goal of achieving student understanding, for these experienced teachers, 

represents being able to connect their professional experiences with teaching practice in 

a way which results in student understanding. Shulman (1986) introduced pedagogical 

content knowledge (PCK) as a type of teaching knowledge which connects knowledge 

of subject matter with knowledge of teaching practice as well as knowledge of how 

students learn best. Van Driel, Verloop, and de Vos (1998) define craft knowledge as 

“integrated knowledge which represents teachers’ accumulated wisdom with respect to 

their teaching practice” (p. 674). They refer to the nature of PCK as being the 

combination of particular topics and the teaching of particular topics. Van Driel et al., 
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(1998) demonstrate a distinction between experienced teachers’ and prospective or 

beginning teachers’ views of teaching and content understanding; particularly in the 

areas of science and classroom practice. Experienced teachers’ personal knowledge of a 

topic combined with their teaching background contributes to their PCK.  

Visual literacy is recognized as key component for students to be able to 

understand abstract information, complex ideas, and relationships between concepts. It is 

important to be able to communicate effectively through the use of visuals 

(Christopherson, 1996).  

Sequential reasoning ability refers to a learner’s ability to follow a step-by-step 

sequence for an activity, being able to follow the plan from beginning to end (Johnston, 

1998). Concept mapping skills offer the learner insight into the reasoning or logic behind 

the sequence by understanding the relationships between ideas. Wiggins and McTighe 

(2008) discuss concerns about an instructional sequence which is contradictory to 

academic goals of helping students acquire information, make that information 

meaningful, and be able to transfer learning to other situations. Concept maps can guide 

students through all of those academic goals with the use of a clear visual to keep the 

sequence in sight. 

The process students use to create meaning from texts or other sources of 

information will influence the degree to which they are able to demonstrate learning. 

Concept maps can be tools for determining hierarchical relationships among information 

and making those relationships clear (Novak & Cañas, 2006). 
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This group of experienced teachers indicated a variety of ways concept maps can 

be used for assessment and accessing prior knowledge. The literature on these topics has 

been mentioned and indicates strong support for these uses of concept maps. 

 A key point mentioned by the experienced teachers is the use of concept maps 

for differentiated instruction. This is a way of approaching teaching in order to 

accommodate students of varying ability levels. A focus of differentiated instruction is 

having an understanding of each student’s knowledge base and adjusting instruction to 

meet that student’s needs (Tomlinson, 2008) Differentiation requires a depth of 

understanding of both students and content and a motivation to connect those two 

components. The use of the concept map to determine prior knowledge establishes that 

knowledge base. The personalization of concept maps gives students the opportunity to 

find their own meanings in the content and express those meanings in their maps. This 

provides the teacher with clear specific guidelines for individual students. 

 One of the recommendations to future teachers had to do with connecting to 

other teachers through the use of school-wide curriculum maps. Curriculum mapping is a 

process for tracking what has actually been taught and planning will be taught with the 

purpose of clarifying the relationships between all aspects of the curriculum. Within a 

curriculum map, the content taught is recorded as well as the process used for teaching 

and the assessment strategies used through that content. Curriculum mapping is a school- 

wide process, allowing all members of the school community to see the overview of 

curriculum throughout the school. Curriculum maps can then be used to determine what 

has been taught and make comparisons to student performance results 

(http://www.rubicon.com/AtlasCurriculumMapping_Process_Benefits.html).  
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Experienced teacher finding 2: Experienced teachers discuss the practice of using 

concept maps with a focus on accomplishing multiple objectives.  

One teacher in the experienced teachers focus group shared her algebra chapter 

concept map process, in which her students worked in groups to survey a new chapter 

and made notes for the ideas in that chapter. Through this process this teacher has 

created a teaching and learning tool which accomplished multiple objectives. There is a 

great deal of literature supporting the individual components she accomplished with this 

practice: accessing prior knowledge, setting the stage for the learning, identifying 

concept understandings and misconceptions, surveying information, prioritizing, 

identifying patterns and relationships, and making meaning of abstract ideas. However, I 

was unable to locate any research which studies the impact of this type of holistic 

practice of using concept maps. This seems to be a potential for future research. 

Research Questions 

 This study was intended to look at the metacognitive strategy of concept 

mapping as a way of indicating preservice teachers’ understanding and organization of 

science content knowledge, indicating their perceptions of teaching practice, and 

influencing their perceptions of reflective practice. This study also set out to examine the 

purposes and practices of a group of experienced teachers who use concept maps and 

compare those with the preservice teachers’ perceived purposes and practices. Through 

the qualitative analysis process, I was able to respond to my questions and find strong 

concept mapping connections as well.  
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Research Questions 

1. How do preservice teachers use concept maps to indicate their organization and 

understanding of science content knowledge? 

2. How do preservice teachers use concept mapping to indicate perceptions of 

teaching practice (planning, instruction, assessment)? 

3. How does concept mapping influence preservice teachers’ perceptions of their 

reflective processes? 

4. How do teachers who are experienced in using concept maps talk about the 

purpose and practice of using concept maps? How does this compare with the 

preservice teachers’ perceptions of concept map usage? 

 The concept mapping process increased these preservice teachers’ understanding 

of content to a certain degree, after they had enough experience to feel comfortable with 

the process. Creating the two concept maps clarified the connections and relationships of 

the ideas they were mapping. One unanticipated outcome of this study was the strength 

of the visual component of concept maps. All of the participants mentioned the visual 

perspective as a key factor in improved understanding of the content. 

 The preservice teachers in this study generated some ideas regarding their 

perceptions of teaching practice. It should be mentioned that these are university 

students almost ready for their student internship; their immediate focus is on 

completing their coursework and preparing themselves to begin their student teaching. 

Consequently, their perceptions about teaching are limited. They did identify the 

template created for this research as an effective planning tool. 
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 This study included a reflection component for the participants. As novice 

teachers, these students could also be considered novices in reflective practice. One key 

point that came through analysis of their responses was that perceptions of reflective 

practice improved when they could make some personal connection to the material in 

their maps, what I refer to as the relevancy connection. 

 The conversation with the experienced teachers was a highly energetic one; each 

had personal insights to offer. One idea, detailed by one teacher and reinforced by her 

colleagues, had to do with using a student-generated concept map of an algebra chapter 

which accomplished multiple objectives for her as the teacher and for her students. This 

is an idea which I find compelling. 

 Both groups- experienced teachers or prospective teachers- had a primary focus 

on assuring student understanding. This was an underlying theme across all the 

interviews. The passion for teaching, which likely can be found in the classrooms of 

teacher education programs everywhere, continues to influence quality teachers in their 

quest for student learning. 

Implications 

Instructors of Undergraduate Courses for Education Majors 

Teacher education programs need to provide prospective teachers with 

opportunities to examine their perceptions about teaching and develop their own 

teaching philosophy. These programs also need to guide preservice teachers in 

developing subject matter knowledge and appropriate pedagogical skills for teaching 

that subject matter (Fieman-Nemser, 2001). Preservice courses should also provide new 

teachers with the opportunity to develop a basic teaching repertoire; the teaching 
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strategies and techniques that will be readily available to them as they step into their 

classroom. 

Concept mapping is one of the strategies which can offer new teachers the ability 

to accomplish multiple objectives; assess prior knowledge, determine student 

understanding of content and relationships of content, determine misconceptions, and 

develop study skills. These multiple objectives can readily be accomplished within one 

or a series of concept maps.  

One of the indications from this study and others is that concept mapping needs 

to be practiced in order to develop confidence in use. Undergraduate course instructors 

could collaborate in order to provide students consistent opportunities for practice in 

concept mapping. Instructors could develop a method for teaching and using concept 

maps so that students are exposed to the same information across their courses. 

Instructors could also develop a common assessment for these maps in order to provide 

students feedback on both their concept maps and the content displayed on the maps. 

Since concept maps can be used across the curriculum, this would represent an effective 

and efficient use of teaching time. Preservice teachers would have a tool they could use 

for any content area and for any level of students, with minor adaptations. 

School-Based Professional Development 

Once in the classroom, new teachers need continual support in order to develop 

into quality teachers. Fieman-Nemser (2002) refers to the continuum of preparation to 

practice. New teachers, in their first 3 years, need different types of learning and support 

than those who have been teaching for a longer time, yet all of these experiences should 
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build on the strengths of the previous ones. Teachers need to see themselves as 

continually learning and developing their teaching craft.  

One of the objectives of professional development for new teachers should be to 

reinforce the repertoire of teaching strategies developed during the teacher preparation 

program. Concept mapping would be a logical part of this reinforcement. There could be 

opportunities to learn and practice the skills for those who are not comfortable with the 

process as well as using concept mapping techniques within other professional 

development programs. This would demonstrate the potential uses of concept mapping 

across the curriculum. 

Recommendations for Future Research 

 The results of this study indicate several areas for future research consideration. 

The preservice teachers in this study commented on using concept maps as a planning 

tool. The template created for this study was not originally intended as a planning 

template. However, these participants, with limited prior experience using concept maps, 

readily acknowledged the benefits of using a concept map as a planning tool. Planning 

was listed in only two of the literature references as a use for concept maps. There is a 

need to consider this use for concept maps in future research. The ideas these 

participants expressed indicated that they appreciated the planning element of the 

concept maps. 

 There are several references to the literature on experts and novices and how they 

process information. This study addressed content understanding; much of that literature 

was included. A research study which incorporated specific concept mapping strategies 

used with experts in various content areas would be beneficial to link expertise with 
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concept mapping. The literature on expertise suggests that an understanding of how 

experts view knowledge can benefit novices. A study examining the thought processes 

used by experts as they create concept maps would be revealing for anyone interested in 

the benefits possible through the use of concept maps. This could offer additional insight 

into experts’ abilities to demonstrate the concept relationships as well as provide 

teachers with suggestions for guiding student understanding. 

 There is a great deal of literature in the area of visual literacy. In an educational 

climate of differentiation and being able to reach all learners, additional research on 

visual literacy would add to and support the knowledge in the field. The participants in 

this study made numerous comments regarding the visual element of concept maps. The 

comments indicated that the visual components increased content understanding. A 

study which researched the visual component of concept mapping could effectively link 

concept maps to visual literacy. 

 Concept mapping is a metacognitive strategy which requires thinking about new 

information and relationships between ideas. A research study with a focus on 

metacognitive skills used in concept mapping would be beneficial for developing 

awareness of one’s metacognitive activities during the process. 

 The success reported by one of the teachers in the experienced group for using a 

concept map for a holistic approach to algebra certainly seems to warrant a more 

detailed research study on this practice. This teacher was able to effectively combine 

most of the uses for concept maps into one on-going class-wide project. She reported 

success accomplishing many objectives for her class with this project, a project her 

students enjoyed. A longitudinal study might provide information about students’ math 
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confidence levels, their understanding of abstract knowledge, and their attitudes about 

math in general and algebra in particular.  

 There is a need to look at ways to incorporate additional concept mapping skills 

in teacher education programs and in professional development experiences to build 

background and experience for new teachers as well as more experienced ones. Concept 

mapping skills definitely need to be taught and practiced to become effective; however, 

the benefits gained through understanding would be helpful. A study which looks at 

concept mapping as a professional development component could provide data 

connecting teacher use of concept maps with student understanding. 

Personal Reflection 

 I reflect back on this process as one of growth and understanding, not just of the 

participants in this study but of the researcher herself. I came to this study as one who 

uses concept maps in a variety of ways and one who believes in the power of the visual 

to teach, influence, and clarify. I continue to use concept maps on a daily basis and 

continue to relate to the visual component of concept maps and of the amazing world 

around me. I used concept maps throughout this study, in every stage of analysis, to help 

me see the connections among ideas and to develop the relationships which I was unable 

to work out in a linear format. 

 One aspect of this study which I found particularly intriguing had to do with the 

numerous references to the effects of the visual element and the use of color. As I cross-

referenced codes and themes, I found color and visual elements mentioned by all the 

preservice teachers as well as the experienced teachers. One of the really important 

objectives of a teacher for her students is to guide them to a personal understanding of 



 157  

the world around them. Visual teaching offers an effective tool for students to develop 

that personal understanding. Researchers and theorists (Burmark, 2002; Gangwer, 2005; 

Jensen, 2000) have made the observation that today’s students are the most visually 

stimulated generation to have come through the educational system. It is both 

professional and logical to teach these students in the way that they learn best-with 

visual stimulation as an accompaniment to other strategies of quality teachers. It was an 

exciting moment for me in this research to realize that novice teachers as well as 

experienced ones recognized the potential for reaching their students through the highly 

visual component found in concept maps. Perhaps this research has provided a link 

between the science teacher, the nature photographer, and the student who examines the 

world with awe and amazement-multiple perspectives of the same person.  
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Appendix A. Participant Volunteer Form and Consent Form 

 

Participant Invitation 

I am conducting a research study exploring the use of Concept Maps for teaching and 

learning, specifically in Elementary Science Education programs. 

Ten to twelve volunteers are needed for the study. 
To participate you must: 

•  Be 18 or older 

•  Plan to teach in elementary school 

•  Respond to a survey/questionnaire 

•  Allow me use to copies of concept maps you make for this class 

•  Be available for 1 individual interview (approximately 30 minutes, outside of 

class, which may be audio recorded) 

•  Be available for 1 focus group discussion (approximately 1 hour, outside of 

class, which may be audio recorded) 

•  Be willing to write a short reflection on the process at the end of the study 

As an incentive, I will provide some tasty food for the focus group interview and a 

small gift certificate to a teacher supply store or to Barnes and Noble for all 

participants. 

Please note that participating in this study DOES NOT affect your coursework or 
your grade for SCE 4350 in any way.  
All aspects of this study will be kept confidential. 
You may change your decision to participate in the study at any time during the 
process. 
 
 If you are interested in participating please complete the following and return it to me 
at the end of class: 
Name: ______________________________________ 

Phone: _____________________________________ 

E-Mail: _____________________________________ 

Preferred days/times for interviews: 

 Before class After class Other 
Tuesday    
Thursday    
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Appendix B. Observation Protocols (1-3) 

 

Classroom Observation Guide #1 

Observation Focus: Initial application of concept maps in course 

Class: ________________________________________ 

Date, Time of observation: ________________________________________ 

Observation of initial classroom use of concept maps 

1. Instructor explanation 

 

 

 

2. Student questions/comments 

 

 

 

 

Response to Concept Map: 

Student organization and understanding of 

content 

Student response to Concept Map 

activity 
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Classroom Observation Guide #2 

 

Observation Focus: Concept mapping lesson, related activities 

Class: ________________________________________ 

Date, Time of observation: ________________________________________ 

Concept map lesson activities 

1. Class discussion 

 

 

 

 

 

2. Student questions/comments before activity 

 

 

 

 

 

 

 

3. Groups: Number & topic 

Size Topic 
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4. Observation of group concept map activity: 

Student organization 

and understanding of 

science content 

Student interactions within 

group 

Individual responses to 

concept mapping 

   

   

   

   

   

   

   

   

   

   

   

 

 

 

 

 

5. Presentation of map to class 
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Classroom Observation Guide #3 

Observation Focus: Individual map assignment related to specific science content 

materials 

Class: ________________________________________ 

Date, Time of observation: ________________________________________ 

1. Assignment 

 

2. Instructor directions 

 

 

3. Student questions/comments 

 

 

 

4. Comments during activity 

Use of concept maps for: 

Student organization and understanding of 

science content 

Individual responses to concept 

mapping activity 
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Appendix C. Interview Protocol 

 

Interview Protocol 

Approximately 30-45 minutes interview 

Thank you for agreeing to this interview. I appreciate your participation in this research 

study. I have your signed consent form here. Do you mind if I audiotape this interview? 

Thanks, now let’s begin. 

1. What grade level do you think you would like to teach when you enter the field? 

What is it about that grade that appeals to you? 

2. We’ll be talking about the science methods course you are currently taking. 

When you started your science content material unit on this subject, you were 

asked to create a concept map showing your ideas regarding the relationships of 

the concepts in the unit. Then you repeated this activity after you had prepared 

the unit for your class presentation. Here are the 2 concept maps you created. 

Please take a minute to look at them. Comments? 

3. What differences do you see between these 2 maps? What might be some reasons 

for those differences? What else do you see? 

4. Please look at the second map you prepared and think about the process of 

creating it. What did you think about while you were creating it? (Follow-up 

questions based on responses: thought processes, something you read or heard in 

class) 

5. How did using a concept map affect your understanding of this topic? 

6. Did the concept map activity affect your ideas about teaching this topic to your 

future students?  

7. What did you learn by creating and using these concept maps? (Probe, possible 

examples) 

8. In what ways might concept maps be useful for your future students? (Follow-up 

questions based on responses) 

9. Is there anything else you would like to share about this activity or about your 

experiences with this course? 
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Appendix D. Focus Group Protocol 
 

Focus Group Protocol 
 

Approximately 1 hour interview. 
 
Focus group will take place after participants have been interviewed individually. 
They will have responded in writing to a series of reflection questions in order to begin 
the process of thinking about their teaching practices and metacognition. 
 
Thank you for agreeing to participate in this focus group activity. In this group 
interview format I will ask questions and you may respond to them individually as well 
as comment about each others’ responses. 
 
1. Tell us about your science materials project. 
 
2. The activity we did is often referred to as a Pre/Post strategy; you generate 
information from the students before and after a lesson or activity. What would you 
expect to accomplish from an activity like this? 
 
3. What did you feel you gained as a student from the activity? 
 
4. Do you think that the process of creating the first map made any difference for you 
as you prepared for the presentation? In what ways? Did you use the first map while 
you were creating the second map? How? 
 
5. During our interviews I asked you to comment about your 2 concept maps.  
(Possible follow-up questions: Some of you responded that you thought your first map 
was _______, others responded _____________. What did you observe that might lead 
you to decide one of those responses?) 
 
6. What might be other ways of analyzing concept maps?  
(Possible follow-up: What would that look like? What would you learn by looking at 
maps that way?) 
 
7. Did creating the concept maps for the Resource Unit activity affect how you thought 
about the specific science information? (Possible follow-up questions: How did it 
affect your thinking? Did you approach the project differently than you usually do? 
How? 
 
8. According to Novak, “Conceptual knowledge should emphasize core concepts 
within a domain.”  
What does that statement mean to you? 
How does it relate to science curriculum in the elementary school? (Possible example) 
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9. Curriculum in the elementary school covers a lot of information.  
Do student textbooks you have seen seem to address the idea of core concepts? 
(Possible follow-up questions: How can you guide students in identifying those core 
concepts? How can you assist students to make connections between topics in order for 
them to make sense of their observed world?) 
 
 
10. Metacognition refers to “thinking about our own thinking”, reflecting about events, 
or monitoring our understanding. What experiences have you had in doing this? (May 
need some cues: Journal writing, personal essays, perhaps even meditation.) 
 
11. You’ve had a chance to really focus on concept mapping. Are there any other ideas 
or thoughts about it you would like to share with the group? 
What have you learned during this process? About teaching? About science? About 
yourself? 
 
12. I have spent some time with your interviews and your concept maps. Here are 
some of the categories (ways of interpreting) I found in your responses. Please look at 
them and share your ideas about them. Do you disagree with any of them? Are there 
any other categories or ideas I have not listed? 
 
 
13. You have just spent some time interacting with classmates about a class activity. 
Please talk about that experience. (Possible follow up: Have you done this in other 
classes? Have you observed this in your field experiences? What might be the effects 
of this type of interaction among colleagues?) 
 
 
You’ve just participated in a research study pertaining to the use of the metacognitive 
strategy of concept mapping. I am looking at connections between concept mapping 
and understanding of both science content and pedagogy. What suggestions do you 
have for me? What can I do to make this a more effective study for incoming teachers 
like you? 
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Appendix E. Lesson Plan 
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Appendix F. Presentation Slides 

Concept MappingConcept Mapping
EDU 4083EDU 4083

September 2, 2008September 2, 2008

Judy SomersJudy Somers

 

Using Concept MapsUsing Concept Maps
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Conceptual KnowledgeConceptual Knowledge

 

Role & RelationshipRole & Relationship
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Concept MappingConcept Mapping

 

FormatFormat
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FormatFormat

 

Using Concept MapsUsing Concept Maps
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Appendix G. Document List 

 
DOCUMENT, Date 
obtained 

NOTES Ref to 
Research 
question # 

Course syllabus   

Course schedule   

Course required texts   

Handout for unit   

National Science Standards   

Participant Concept map – 
Initial map 

  

Participant Concept map – 
Second 

  

Participant generated written 
reflection essay 
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Appendix H. Document Summary Form 
 

DOCUMENT SUMMARY FORM 
SITE: 
DATE RECEIVED: 
DOCUMENT # 
 
HEADING: NOTES: REF: 
Name or description of 
document 
 

  

Event or contact: 
 

  

Significance or 
importance of 
document 
 
 
 
 
 

  

Summary of contents 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Other Information 
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Appendix I. Concept Map Template 
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Appendix J. Concept Map Holistic Rubric 

 

 Beginning Emerging Proficient Exceeding 

Content Little to no 
relevant or 
appropriate 
information 
included in 
diagram. Little 
content 
included. Topics 
and subtopics 
are unclear. 

Most 
information in 
diagram is 
relevant and 
appropriate to 
main idea. Some 
content is 
specific. Most 
topics and sub 
topics are 
explained 

Information 
included in 
diagram is 
relevant and 
appropriate to 
main idea. 
Content is 
specific. Each 
topic and 
subtopic is 
clearly 
explained 

Information 
included in 
diagram is 
relevant and 
appropriate to 
main idea. 
Content is 
complex, 
precise. Topics 
and subtopics 
clearly 
explained. 

Strategies Little to no 
relevant or 
appropriate 
information 
included in 
diagram. Little 
content 
included. Topics 
and subtopics 
are unclear. 

Most 
information in 
diagram is 
relevant and 
appropriate to 
main idea. Some 
information is 
specific. Most 
topics and sub 
topics are 
explained 

Information 
included in 
diagram is 
relevant and 
appropriate to 
main idea. 
Information is 
specific. Each 
topic and 
subtopic is 
clearly 
explained 

Information 
included in 
diagram is 
relevant and 
appropriate to 
main idea. 
Information is 
complex, 
precise. Topics 
and subtopics 
clearly 
explained. 

Design Few to no 
symbols 
arranged 
logically. Links 
between topics 
and subtopics 
are unclear, 
non-specific. 
Little or no 
visual 
differentiation 
between topics 
and subtopics 

Most symbols 
are arranged 
logically. Most 
links between 
topics and 
subtopics are 
clear and 
understandable. 
Most topics and 
subtopics are 
categorized for 
visual 
differentiation 

Symbols 
(concepts) are 
arranged 
logically. 
Subtopics are 
linked to topics 
in an organized 
way. Symbols 
are categorized 
by topics/ 
subtopics 
visually 

Symbols 
(concepts) are 
arranged 
logically. 
Subtopics are 
linked to topics 
in an organized, 
well defined 
manner. All 
symbols are 
clearly 
categorized for 
visual 
differentiation. 
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Sample Rubric Analysis 1 

2nd Concept Map Analysis  
 
Name: JENNIFER 
 
Content: Proficient 
  
Explanation: Main idea is “How water changes states.” 1st sub topic gives 3 states of 
matter, “Solid,” “Liquid,” “Gas” in 3 separate but matching symbols. Next sub level has 
2 branches from each term describing [1] addition or removal of heat and [2] shape. The 
2 branches from “Water” link to matching symbol “Ice”. The 2 branches from “gas” link 
to symbol “evaporation”. Information in CONTENT area of map is relevant to main idea 
and appropriate for grade level. Content is specific but not complex. Topics and sub 
topics are clearly explained. 
The link labeled “previous” linking to main idea “How water changes states” indicates 
properties. The link from main idea to “next” goes to a symbol with “Physical and 
chemical changes. Both are logical and sequential lessons to tie in with the one being 
presented. 
 
Strategies: Proficient 
 
Explanation: Main idea for STRATEGIES side of the map is “Lesson on states of 
matter.” Information included in diagram is relevant to main idea and appropriate for the 
lesson. 
Resources: She has 3 sub topics [1] Books which lists 2 books. [2] Videos- lists Magic 
School Bus and Bill Nye. [3] Other-Science museum, speaker, picture books, computer. 
She has a good variety of resources listed although gives no specifics as to how these 
will be used in the lesson. 
 
 What T does: includes 2 sub levels The first sub level oval “Class set up” has 2 sub 
topics: Pre-“Supplies for all groups” and post-“Review states of matter-solid, liquid, 
gas.” She gives no other specifics about ‘setting up’ or ‘reviewing.’ The 2nd link from 
“What T does” is “Experiments”. She lists 2 of these: “Observations-melting ice, boiling 
water” and “Cooperative-temp melting ice, water’s shape in different things”. She shows 
no specifics on those experiments. The 3rd link from “What T does” is “During Activity” 
which links to “Observe, record, answer questions, guide, encourage” 
 
What student does: has 3 links with the numbers 1,2,3 in the linking lines. [1] Individual 
work, discussion, KWL, watch movies, research one state. [2] Group work: experiments, 
investigate different states of matter. [3] Record data: notebook, describe each state, 
draw each state. She does not give specifics about the discussion, research, or group 
work. 
 
Know what student learned: she has 1 sub topic which lists “notebook, discussion, unit 
test, data sheets.” These are an appropriate variety of assessment strategies. 
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Pedagogy: She has 1 sub topic with the listing: Discussion, peer teaching, exploration, 
group work. Peer teaching is not listed anywhere else on the map and she offers no 
further explanation of this pedagogical strategy. 
 
Design: Exceeding 
 
Explanation: Diagram is well organized, it is very easy to read and follow. Symbols are 
arranged logically. She followed the template and added enough sub topics to clarify 
each section of the map. Most of the linking arrows are labeled and link topics in a well 
organized manner. All symbols are clearly categorized and marked for easy 
differentiation. Effective use of a variety of shapes and colors to show both connections 
and differences. She also uses graphic images to further clarify sections of the map: a 
book and movie symbol in the resources area of the map, and images of ice cube, glass 
of liquid and another graphic which shows all 3 states, on the CONTENT side of the 
map 
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Sample Rubric Analysis 2 

2nd Concept Map Analysis 
 
Name: KEITH 
Keith’s map is hand drawn on a very large paper, approx 3’ by 5’. 
 
Content: Beginning 
  
Explanation: K’s map has very little content information included. The information 
included is relevant to his main idea topic, 5 Senses. His sub topics from that main topic 
consist of 5 rectangles, in which are listed each of the 5 senses. No other information is 
provided. 
Previous lesson: All animals and plants are alike and different in some ways. 
Next lesson: Humans can better understand the world around us through careful 
observation. 
His sub topics are clear but very limited.  
 
Strategies: Emerging 
 
Explanation: K has included some detail in the strategies section of his map. Most 
information is relevant and appropriate to the main idea-Using a Cooperative Lesson to 
teach the 5 senses. 
 
Resources: K has 2 sub topics from this topic. [1] Magic School Bus explores the 5 
senses. [2] Web link to Schenectady, NY school board site for 5 senses. 
Limited resources are listed for this lesson with no indication about how they fit into the 
lesson. 
 
What the Teacher Does: K has 2 sub topics from this main topic: [1] Leads the activity. 
[2] Facilitates a class discussion with HOT questions. 
Limited indication of what teacher will do to lead the activity or facilitate a class 
discussion. No additional details regarding teacher behavior. 
 
What students do: K has 2 sub topics from this main topic. [1] Follows directions to 
recreate the activity. [2] Participate in the class discussion. 
No indication of what the activity is or what must be done to recreate it. 
 
What the students learn: 1 Main topic: Each student learned that the 5 senses (sight, 
smell, taste, touch, hearing) corresponds with a body part (eyes, nose, tongue, skin, ears). 
Does not offer strategies for assessing student learning. 
 
Pedagogy: Lists-Activity will be cooperative in nature and students will learn in groups. 
Shows only 1 strategy for this lesson. 
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Design: Emerging 
Explanation: Symbols are arranged logically; K follows the template provided but has 
added few additional sub topics. His map is drawn with black, symbols are black, text in 
symbols is black as are the linking lines. His only use of color is seen in underlining 
some words. The links between his topics and sub topics are clear and understandable, 
although generally just follow the template provided. He has used a variety of shapes to 
differentiate various sections of the map. 
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Appendix K. Second Focus Group Protocol 
 

FOCUS GROUP PROTOCOL – EXPERIENCED PRACTICITIONERS 
 
Thank you for agreeing to participate in this focus group activity. In this group interview 
format I will ask questions and you may respond to them individually as well as 
comment about each others’ responses. 
 
I am working on a qualitative research study for my dissertation. I am 
looking at the use of concept maps as a tool for teachers to enhance their 
perceptions of their science content knowledge and hopefully as a 
pedagogical strategy for them.  Generally, new teachers going into 
elementary school feel unsure of their content knowledge in the area of 
science. I am doing pre and post concept maps with a group of students in a 
science methods class. I am interviewing them to develop their ideas of how 
this graphic organizer could help them. I have realized that I need to add 
another perspective, experienced teachers (not necessarily elementary) who 
use concept maps with their students and possibly as an organizing tool for 
themselves too. This will allow me to demonstrate the potential usefulness of 
concept maps while comparing responses and ideas. 
 
For the purpose of this conversation, we will define the term CONCEPT 
MAP (MIND MAP, THINKING MAP or Graphic Organizer) as a visual 
way of displaying ideas or concepts which demonstrates the 
relationships/connections between the ideas. Often, concepts are displayed in the 
nodes or shapes while the relationships between them are shown with links, often 
titled with verbs. 
 
Questions: 
 
Name, grade or class you teach 
 

1. How do you use concept maps with your students? How do you use them as a 

teacher or in your ‘other life’? (Example: Planning, organizing, thinking, note 

taking, etc.) 

2. How do students respond to using concept maps? 

3. What benefits do you see from the use of concept maps with your students? For 

yourself? 

4. How did you learn to use concept maps? 
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5. How might concept maps be used as an evaluative tool? 

6. How could the effectiveness of concept maps be taught to new teachers? 

7. How do you reflect on your practice (examples: journal writing, discussions with 

colleagues, notes to self in your plan book or elsewhere, meditation)? 
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Appendix L. Betty 1 
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Appendix M. Betty 2 
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Appendix N. Marie 1 
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Appendix O. Marie 2 
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Appendix P. Jennifer 1 
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Appendix Q. Jennifer 2 
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Appendix R. Heather 1 
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Appendix S. Heather 2 
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Appendix T. Keith 1 
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Appendix U. Keith 2 
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Appendix V. Lori 1 
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Appendix W. Lori 2 
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Appendix X. Rose 1 
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Appendix Y. Rose 2 
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