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ABSTRACT
Students‘ conceptions of physics principles are often quite different than those of their
physics teachers. The discrepancies in views can be hard to detect using standardized tests and
formal assessment practices. An accumulation of research shows that students in introductory
college physics courses find the topic of electromagnetic induction (EMI) the most difficult to
undersand (Allen, 2001; Maloney, O'Kuma, Hieggelke, & Heuvelen, 2001; Guisasola, Almudí,
& Zubimendi, 2004; Thong & Gunstone, 2008; Pollock, 2009). Physics teachers also list EMI as
one of the most arduous topics for students to comprehend (Albe, Venturini, and Lascours,
2001). In order to improve students‘ functional understanding of EMI, dynamic computer
simulations have been developed to provide concrete representations of changing magnetic fields
and moving charges.
The process of integrating simulations into physics curricula requires an evaluation of
their effectiveness. Neglecting this research may result in missing the desired effects of the
simulations on students‘ understanding of the animations (Zacharia & Anderson, 2003). But how
can one assess a students‘ understanding of an animation?
The principal investigator of this study selected a set of animations, interactive
simulations, and videos from the internet to explore how students view and interact with virtual
models of EMI. Through the use of a think-out-loud protocol, eleven male physics students from
a technical college in north-central Pennsylvania were interviewed while viewing the animations.
The information garnered from the transcribed interviews, along with pre/post surveys and
quizzes, was used to get an empirical look into this particular class‘s conceptions of EMI. The
students‘ viewpoints were studied to see if the class was able to identify the critical attributes, as
well as the interactions, that occur in the animations.
iii

The outcome of this experimental study afforded the principal investigator insight into
where some of the students‘ misconceptions may have originated. Student conceptions varied,
but the visualizations brought out several limitations in their thinking, including their difficulty
in distinguishing critical attributes and correlating causal relationships between the components.
In addition, students had trouble relating the simulations and animations to a real video
demonstration of EMI.
The think-out-loud interviews proved to be an effective way to assess students‘ thinking
about the five animations used in this study. Students‘ intuitive notions of EMI were exposed as
they viewed the animations without any prompts. When reflection prompts were added, students
seemed to focus on specific features within the animations and were able to identify some of the
critical attributes in the EMI animations. However, the prompts did not provide convincing
evidence that they are effective at facilitating students‘ metacognition.
This study adds to the growing body of research in instructional design, instructional
technology, and physics education research, providing insights into students‘ conceptions that
may be useful for designing more effective teaching practices.
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Chapter 1
Introduction
Problem Statement
One of the most difficult topics in an introductory physics course is the concept of
electromagnetic induction (EMI). This topic is comprised of multiple interconnected abstract
concepts that are three dimensional and changing with time, making it difficult for students to
comprehend. In addition, novices are usually overwhelmed with the sheer number of variables
and the complexity of the qualitative and quantitative information. Several papers provide strong
and extensive empirical evidence to support these claims. A longitudinal study of student
conceptual understanding in electricity and magnetism by S. J. Pollock (2009) shows that even
after several different modes of instruction, students could not get better than 50% correct on the
questions dealing with Faraday‘s law of electromagnetic induction. This was much lower than
other related topics, such as electric fields, magnetostatics, current, voltage, and circuits (Pollock,
2009).
Leith Allen‘s dissertation, An Investigation into Student Understanding of Magnetic
Induction, showed that over half of the students in an introductory course for scientists and
engineers could not correctly answer questions pertaining to electromagnetic induction on their
final exam, even after multiple attempts of instructional guidance (Allen, 2001). Her research
was able to identify a number of problems dealing with students‘ interpretations of verbal,
physical, and mathematical models of induction. The study suggested that the use of interactive
dynamic simulations can improve students‘ functional understanding of this law by providing
visualizations of invisible phenomena. Over the past decade, several prominent institutions
have developed dynamic simulations to help students qualitatively understand EMI. These
1

simulations are available online and provide clear visualizations of how electric current is
produced by changing magnetic fields.
A major problem that students have in physics is relating mathematical symbolic
expressions to a conceptual model. Faraday‘s law of electromagnetic induction is written
symbolically as (see Figure 1):

 

d
dt

Figure 1. Symbolic equation for Faraday‘s law of electromagnetic induction for a single loop.

In the symbolic equation,  represents the induced voltage and  is the flux. This flux is defined
as the perpendicular component of the magnetic field that passes through a given area, which is
written symbolically as

 B  dA - an equation that appears at first to be fairly simple and concise

turns out to contain a lot of hidden information. Students taking an introductory course in physics
must be able to understand the details of this equation and then associate each symbol with a
mental model. The symbol

d
in the equation indicates that the magnetic flux must change with
dt

time in order to create an induced voltage. Being able to represent this equation through
dynamic computer simulations allows students to see each variable change with time, something
that is not possible to do in traditional textbooks. In order to compensate for this limitation, the
texts will often show a series of images in succession to indicate which variables are changing.
Despite prior studies on the difficulties students have with the concept of electromagnetic
induction, there is insufficient research about how students‘ conceptions change when viewing
animations that model EMI. A review of literature within many different disciplines resulted in
only a few papers that focused on students‘ notions about how induction works. Thong and
2

Gunstone (2008) interviewed 15 students in a second year physics course to investigate their
conceptions of EMI. Their investigation focused on how students responded to a set of four
questions dealing with light bulbs being lit by induced currents. The questions were based on
several static images that did not show the dynamic processes that take place with EMI. In
addition, the students in the case study had already taken the first level of physics, and therefore
had previously studied this phenomenon. The investigation was able to identify several
previously unreported alternative conceptions regarding electromagnetic induction.
From the small number of studies that have explored students‘ difficulties with EMI, it is
clear that more detailed research is needed to fully identify students‘ ideas about the concepts
related to induction and to develop more effective instruction to improve students‘ understanding
(Allen, 2001). None of the case studies reviewed for this research looked at how students‘
conceptions of electromagnetic induction are influenced by computer-animated models.
Dancy and Beichner (2006) reiterate the need for this type of study by stating that ―…more
research is needed to address the specific conditions when animation can have its greatest effect
and more importantly, to address the issue of why an animation may or may not be effective‖ (p.
010104-2). This research study investigates how students‘ conceptions of EMI are influenced by
visualization tools that display hard to see concepts in real time by modeling the interactions that
take place between changing magnetic fields and conducting loops of wire.

Purpose of the Study
People have been fascinated by electromagnetic phenomena for millennia. Objects which
do not touch each other appear to ―magically‖ exert an influence over other objects. Some
invisible presence surrounds these objects, linking them to other objects in ways that cannot be
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perceived with ordinary senses. The abstract nature of gravitational, electrical, and magnetic
fields makes it difficult for teachers to educate their students about how these processes occur in
nature.
It is well known that students enter physics courses with physical conceptions that differ
in systematic ways from those of the teacher (Zacharia & Anderson, 2003). There are
considerable discrepancies between teachers‘ notions about what students are learning from their
classroom and laboratory experiences, and what students are actually getting from the lessons
(Zacharia & Anderson, 2003). Students in a second semester college-level physics course are
expected to learn how electric and magnetic fields are generated, as well as how fields can
change over time. However, the mathematics used in understanding field properties is difficult to
master. An intuitive understanding of the phenomena is important and can help students relate
the underlying concepts about fields and currents with their corresponding mathematical
representations. The simulations used in this study were created to help students develop a better
conceptual understanding about electromagnetic phenomena. They can also provide insight into
how magnetic fields are able to transmit force and energy to nearby objects.
Many students‘ mental representations of magnetic fields are in the form of a definition,
or a formula, which they manipulate to solve problems in electromagnetism (Albe, Venturini, &
Lascours, 2001). However, emphasis placed on mathematical aspects of field lines can impede a
physical understanding of the magnetic field (Greca & Moreira, 1997). Mental representations
are hard to produce since fields and currents cannot be seen without some sort of diagram,
model, or animation. A major objective of physics instruction is to help students construct a
certain class of models that represent the physical world. The videos, animations, and interactive
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simulations used in this study were developed for this reason, to support cognitive development
and meaningful learning by illustrating the complex interactions that occur with EMI.
Simulations seem capable of playing an important role in concept learning. However, the
process of integrating simulations into physics curricula requires an evaluation of their
effectiveness. Neglecting this research may result in missing the desired effects of the
simulations on students‘ understanding of the animations (Zacharia & Anderson, 2003).
The following case study examines specific examples of how students in a postsecondary physics course discern, delimit, and relate variables within computer representations
of EMI. A better understanding of each participant‘s thoughts on electromagnetic induction
emerged as they talked though their perceptions of different animations, simulations, and videos.
Through the use of reflection prompts embedded next to each animation, students were asked to
elaborate on their views of each animation. The results of this study will add to the growing body
of research in instructional design, instructional technology, and physics education research,
providing insights into students‘ conceptions that may be useful for designing more effective
teaching practices.
Gordin and Pea (1995) summarize the importance of this type of research in the
following statement:
The integration of science and education will require the searching gaze of
ethnography to understand the starting goals and practices of each community,
brave educational experiments that seek to act on these understandings, and
rigorous assessment to interpret the results. Although starting points in this
process are often elusive, the ground between learners' preconceptions of the
physical world and scientists' tools or inscriptional mediums (like scientific
visualizations) can provide an advantageous place to begin. (p. 277)

5

Research Questions

The following questions were investigated:
1. What are students‘ initial conceptions of induction while viewing a series of videos,
animations, and interactive simulations?
2. Can embedded reflection prompts improve the learners‘ ability to identify and understand
critical attributes of EMI?
3. How are students‘ perceptions of induction affected by viewing videos, animations, and
interactive simulations?
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Chapter 2
Literature Review
The focus of this chapter is to explore pertinent literature as it relates to: student
difficulties understanding electromagnetic induction, student conceptions, constructivist learning,
qualitative case study research, using animations and simulations with instructional technology,
and reflection prompts.

Student Difficulties Understanding Electromagnetic Induction
An accumulation of research shows that students in introductory physics courses have a
very hard time learning Faraday‘s law of electromagnetic induction (Maloney, O'Kuma,
Hieggelke, & Heuvelen, 2001; Guisasola, Almudí, & Zubimendi, 2004; Thong & Gunstone,
2008; Pollock, 2009). In a study conducted by Albe, Venturini, and Lascours (2001), college
teachers were asked about difficulties students encounter in mastering standard electromagnetic
concepts. The concepts of magnetic field, flux, and electromagnetic induction were most
frequently mentioned as potential causes of student difficulty. This is a problem all college
physics professors who teach introductory courses encounter. The reason for this difficulty may
be attributed to students‘ inability to reason both qualitatively and quantitatively about the
concept. Students struggle to distinguish each element involved in EMI and are unable to relate
the causal relationship between the components (Allen, 2001). In order to improve students‘
functional understanding of EMI, dynamic simulations have been created to give concrete
representations of invisible fields and show how changing magnetic fields interact with the
surrounding materials.
7

Analysis of students‘ intuitive understanding of scientific concepts shows that some
students focus on particular aspects of a task, while other students are able to focus on a holistic
analysis and description (Prosser, 1994). The students in Prosser‘s (1994) study were first year
physics majors taking a class in which electricity and magnetism was taught. The aim of this
research was to examine students‘ understanding of the key ideas in electricity. The four major
concepts chosen by the faculty were magnetic field, electric field, electric circuit and
electromagnetic induction. Interviews were conducted with 20 students prior to and subsequent
to studying the topic. A criterion for developing the interview tasks was that fundamental
concepts are central to an understanding of the phenomena. Semi-structured, open-ended
interviews were tape recorded and transcribed. The researchers then used the transcriptions to
bracket prior conceptions and identified the qualitatively different ways students discussed the
task. These were in the form of categories of description. In using a ―deep‖ qualitative
approach, students‘ tried to understand the material being studied in terms of extracting personal
meaning from the learning task at hand (Prosser, 1994). If students adopted a ―surface‖
approach, they reproduced the material being studied through rote learning.
The students were shown a diagram of a circuit containing an induction coil and an
ammeter. They were asked what would happen if they were to move a magnet into and out of the
coil, and why. Prosser‘s (1994) study suggests that to develop a well-founded conceptual
understanding of a phenomenon (which underlies the intuitive understanding), it is necessary to
focus students‘ attention on both the how and the what of students‘ experiences of learning. One
objective for my investigation is to look at how students‘ focus their attention on different
aspects of the visualization tools and come to understand what the animations represent.
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In a different study by Saarelainen, et al. (2007), 144 students were tested on their
understanding of electromagnetism and the overall percentage of correct answers was only 31%.
In order to reach a better understanding of students‘ conceptions and reasoning models
underlying their explanations on this test, five students were selected and invited to attend semistructured interviews which were video recorded. In the interviews the students were asked to
explain their reasoning behind their answers to the test questions. One of these questions dealt
with electromagnetic induction. I used this same question on my pre and post tests (see Question
#4 of the multiple choice sections).
Out of all of the students that were interviewed, none of them had a scientifically
acceptable explanation of the correct answer to this question. Their comments imply that
choosing the right answer cannot be justified logically. Students have a naïve concept of
induction that involves the presence of a permanent magnet as a source of the field. The idea of
induction remains at a level that included no useful representation of time varying magnetic flux
as part of the explanation (Saarelainen, Laaksonen, & Hirvonen, 2007). Mastering new
mathematical techniques, and at the same time learning new physical concepts, is difficult for
students. There is a strong conceptual difference between thinking about and solving problems
with electromagnetism. The study explains that there needs to be meaningful use of graphical
representations for EMI, as well as a deeper understanding of the student‘s learning processes.
Albe, Venturini, and Lascours (2001) have shown that students have difficulty in using
relationships and models which are specific to magnetic phenomena. It is apparent that the use of
physical information is fragmented, and the students have difficulty connecting elements of
knowledge. This indicates that learners lack the ability to grasp the basic concepts of
electromagnetism. Furthermore, they observed that most students have problems in associating
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mathematical formalism with physical descriptions of basic situations that use magnetic fields
and flux.
Allen‘s (2001) dissertation study found that students had other cognitive issues about
magnetic induction. Her students tended to confuse closely related, yet distinct, quantities in
different physics contexts. Since unambiguous distinctions are often not required in everyday
experiences, students need to realize that it is very important to recognize dissimilarities in
physics. This includes indentifying what a quantity ―is not‖ as well as what it is. The most
critical examples of students‘ inabilities to discern concepts relating to EMI are how to
distinguish electric fields from magnetic fields, magnetic fields from magnetic flux, and
magnetic flux from the rate of change of magnetic flux. Since the rate of change in flux is the
critical variable for induction, an incorrect or incomplete understanding of this concept will
obstruct a functional understanding of EMI. In order to design instruction to help students
distinguish between these constructs, a teacher must first make students aware that emfs are
produced by changes in flux and second, they must help students interpret and apply this idea
successfully in a variety of representations (Allen, 2001).
Another cognitive difficulty students face is that of causal reasoning. The casual
sequence involved in magnetic induction is very complex. Students sometimes reverse an effect
with its cause (Allen, 2001). Students‘ knowledge is thought to be comprised of small loosely
organized ides that serve as cues to more detailed ideas (Allen, 2001). diSessa (1993) studied
intuitive physics knowledge that he called a sense-of mechanism, which forms the base level of
intuitive explanations of physical phenomena. He identified a set of primitive elements of
knowledge, called phenomenological primitives or p-prims (diSessa, 1993). A person watching a
physical situation sees it in terms of a particular p-prim that may connect with other p-prims to
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form this sense-of-mechanism. Sherin‘s and diSessa‘s (1998) model for knowledge analysis
contends that it is important to provide accounts in terms of a core set of knowledge elements
that can explain behavior across a wide range of types of cases. DiSessa‘s p-prims can serve as
resources for students‘ understanding, but they require additional information such as cuing
priorities to help students determine which p-prim should dominate in cases of conflict (Allen,
2001; diSessa, 1993).

Research on Student Conceptions
John Dewey emphasized many years ago that we do not necessarily learn from
experience; we learn by thinking about the experience (as cited in Shulman, 2004). This case
study attempted to get inside students‘ heads and find out what each student was thinking as they
interacted with a set of computer-animated sources. The students‘ interactions with EMI
animations were studied to get a deeper understanding of the way they identified and defined the
variables that make up Faraday‘s law of electromagnetic induction. It is important to obtain an
understanding of the students‘ thought processes, especially when they misunderstand. As
teachers begin to recognize these misunderstandings, they can begin to build transformational
bridges between the array of understandings that they have in their head and the misconceptions,
misunderstandings, and difficulties that their students have in theirs (Shulman, 2004).
Although there has been some research into student conceptions of electromagnetism,
studies have been sparse and separated (Thong & Gunstone, 2008) In general, research on
conceptions emphasizes how students learn, progress, or change in a special field of knowledge.
There are different ways that researchers describe conception – such as ―meaning of
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understanding‖, ―progression in learning‖, or ―conceptual change‖ (Guisasola, Almudí, &
Zubimendi, 2004).
Students coming into a college physics course have certain conceptions, or misconceptions, of
how the world works. Those who participate in science education research know that students
come to science courses with misconceptions about certain physical observations (Hammer,
1996). Hammer characterizes students‘ misconceptions as strongly held cognitive structures that
affect how students understand natural phenomena and scientific explanations. These
misconceptions differ from expert conceptions and must be overcome, avoided, or eliminated to
achieve the correct understanding of a phenomenon. Misconception has also been described as
―the phenomenology of patterns in students‘ responses that are inconsistent with expert
understanding. This use of term does not posit cognitive structure or any explanations for the
observed patterns; it simply notes the patterns‘ existence‖(Hammer, 1996, p. 99).
Smith, diSessa, and Roschelle (1993/1994) compare the misconceptions perspective to
the ―knowledge-in-pieces‖ view of intuitive knowledge. They argue that it is not sufficient to
simply focus on how student ideas conflict with expert concepts. This tenet conflicts with the
constructivist ideas of how we develop new understanding and does not provide useful
information on how conceptual change can take place. Zacharia and Anderson (2003) provide
evidence that ―students can construct scientific conceptions if they experience situations that
bring them to question their own conceptions and then are encouraged to develop more viable
replacements built on their own perspectives‖ (p. 625).
Hammer‘s (1996) research compared students‘ perspectives about force and motion as
they related to mechanics and looked at how misconceptions and p-prims influence teachers‘
awareness, perceptions and intentions. He suggests that ―both researchers and teachers should
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understand research as supporting teachers‘ development of conceptual tools, to broaden and
support teachers‘ awareness, judgment, and inquiry, rather than as providing reliable findings
and principles or as prescribing methods and curricula‖ (Hammer, 1996, p. 123).
There is a growing amount of literature on the way students reason as their learning
progresses. By studying students‘ thought processes, progression hypotheses can be formulated
to help facilitate understanding. In turn, the hypotheses can help map out students‘
understanding of a topic and form a basis for comprehending how students make decisions
(Guisasola, et a., 2004). Various techniques have been used to probe students‘ conceptions.
Phenomenography is one of these techniques that use empirical studies to identify the various
qualitative ways in which people perceive and understand phenomena. This methodology
categorizes them into descriptions of reality. The categories of description can be looked at in
many different cases with many individuals. Marton and Booth (1997) discuss a set of
categories that follow specific criteria. First, each category must relate to the phenomenon of
investigation, so that each one provides information that is distinct about a particular way of
experiencing the phenomenon. Second, categories must progress from simple to complex. Third,
the system of categorization should contain as few categories as necessary.
In another study, Guisasola, et al. (2004) looked at students‘ conceptions on
magnetostatic phenomena and electric fields. They tried to answer questions pertaining to
students‘ conceptions about magneto-static phenomena and whether these conceptions could be
grouped into categories of description. The investigation used a qualitative questionnaire with
235 students and then interviewed 24 of the students in order to get a deeper explanation of their
answers. Students were presented three problems relating to the questionnaire and asked to
explain the phenomena. The researchers used a prediction-observation-explanation procedure
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that asked students to make predictions for the outcome of some event; then describe what they
saw happening; and finally reconcile difference between their predictions and what they
observed.

Constructivist Learning

The voice of the student is an important component in educational research. Students
should be encouraged to express their thoughts and ideas freely and openly. To develop
students‘ meaningful understanding of magnetic fields, it is important to pay attention to their
ideas and conceptions of magnetic phenomenon. Recording students‘ erroneous reasoning and
procedural difficulties is crucial for understanding where students have trouble with the concept.
However, knowledge shouldn‘t be reduced to only a conceptual understanding of a phenomena,
it must also contain procedural and ontological aspects as well. Physics teachers often focus too
much attention on explicit content knowledge and not the process (Guisasola, Almudí, &
Zubimendi, 2004).
Richard Mayer developed a cognitive theory of multimedia learning that is based upon
how people process information (Mayer R. , 1994). The basic tenet of this theory is that learning
occurs when students actively construct knowledge in working memory by consciously selecting
information from presented stimuli. They then organize this information into coherent
representations and make efforts to integrate any new information with existing knowledge. An
instructional designer‘s role is to create environments in which the learner interacts meaningfully
with the academic material, including fostering the learner‘s processes of selecting, organizing,
and integrating information (Mayer R. , 1999). To obtain a thorough understanding of a
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particular concept, learners must be able to recognize and manipulate information using multiple
representations.
In constructivist learning, learners attempt to make sense out of the information presented
to them. It can result from the seemingly passive task of reading a text or watching a video. It is
active learning, in which the learner possesses and uses a variety of cognitive processes during
the investigation. Instruction should be designed to help students identify useful information,
understand how the resources fit together, and link the materials to prior knowledge.
Instructional methods for fostering integration of new information and prior knowledge include
animations and elaborative questions (Mayer, 1999). Computer simulations can be used to
provide interactive experiences with physical phenomena that may be contradictory to the
conceptions many learners bring to the physics learning experience. These experiences can serve
as discrepant events that encourage learners to modify their conceptions (Zacharia & Anderson,
2003).
Perkins (1991) makes use of the term phenomenaria, an area for presenting phenomena
and making them accessible to scrutiny and manipulation. Phenomenaria in the classroom
include those created by various experimental apparatus or complex dynamic simulations that
investigate scientific phenomenon. He describes two types of constructivism: BIG (beyond the
information given) and WIG (without the information given) constructivism.
WIG emphasizes understanding with minimal direct input of information. The students
are encouraged to explain a phenomena with their intuitive notions and to devise better models
of what they are viewing. A teacher could scaffold this process but should not provide any
answers. A great deal of information should be provided by the visual animation of the
phenomena, as well as by prompts provided by the teacher. However, it is important that direct
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information be withheld so that students engage in and learn about processes of discovery and
constructing ideas.
Instruction in a constructivist idiom is likely to involve conjectures or interpretation
expressed in natural language. The constructivist perspective places demands upon the
educational setting that may deal with rather abstract concepts and domains. Information
processing technologies can offer unique assistance since they can provide supportive learning
environments. These technologies can also promote attention to understanding and active use of
knowledge and skills (Perkins, 1991). However, ―when learners have little prior knowledge of a
topic and are immersed in a ‗learn-by-doing‘ environment, a bootstrapping dilemma exists where
some metacognitive and prior knowledge are needed to ask good questions and to make sense
out of the data and events being modeled (Land, 2000, p. 76)‖.

Case Study Research
It is difficult to verify if teaching qualitative models to students actually improves their
insights and understanding about a particular phenomenon. The first step is to try to understand
what, and how, students think about the phenomenon. One of the best ways to find out what a
student is thinking is to interview them. An interviewee can often provide observations that the
researcher does not see (Stake, 1995). Case study research is frequently used when a researcher
wants to explain casual links within real life contexts by obtaining a deep understanding of the
learner‘s cognitive processes. Researchers that would like to illuminate some of the innate
causes of a particular problem often use this methodology. Due to the complexity of analysis,
however, cases should be limited to a small sample size and have identifiable boundaries.
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Thomas Kuhn (1987) explicates that ―a discipline without a large number of thoroughly
executed case studies is a discipline without systematic production of exemplars, and that a
discipline without exemplars is an ineffective one‖ (p. 7). In his book, The Structure of Scientific
Revolutions (1970), Kuhn explains that doing science is similar to putting a puzzle together. An
exemplar can be thought of as a finished puzzle that was completed by scientists in a particular
field. These exemplars can then be used to teach students about an ideal model and give them a
foundation to build upon. In teaching introductory science courses, it is important that teachers
carefully select effective and efficient exemplars for students to use.
A rigorous qualitative case study allows researchers to explore and describe a
phenomenon using a variety of data sources, which is beneficial in all social science research.
Stake (2000) explains the following about case study research:
Case study is a part of scientific methodology, but its purpose is not limited to the
advance of science. Single or few cases are poor representation of a population of cases
and questionable grounds for advancing grand generalization. The utility of case
research to practitioners is in its extension of experience. (p. 448)
Stake also explains that there are two strategic ways that researchers reach new meanings about
cases: (1) through direct interpretation of an individual instance and (2) through aggregation of
instances until something can be said about them as a class (Stake R. , 1995). The most
challenging part of doing a case study, for both novice and seasoned researchers, is defining the
unit of analysis, a.k.a. the case (Baxter & Jack, 2008).
Different authors will define terms about case study research in various ways. Gerring
(2007, p. 19) defines a case as a ―spatially delimited phenomenon (or a unit)‖ observed at a point
in time that has identifiable boundaries and comprises the primary object of an inference. Becker
et al. (2005, ―Case Study: Introduction and Definition‖) describe a case study as:
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…a collection and presentation of detailed information about a particular participant or
small group, frequently including the accounts of subjects themselves. A form of
qualitative descriptive research, the case study looks intensely at an individual or small
participant pool, drawing conclusions only about that participant or group and only in that
specific context. Researchers do not focus on the discovery of a universal, generalizable
truth, nor do they typically look for cause-effect relationships; instead, emphasis is placed
on exploration and description.
According to Yin (2008), case study becomes applicable under four conditions: (1) the
focus of the study is to answer ―how‖ and ―why‖ questions; (2) the person doing the research
should not manipulate the behavior of those involved in the study; (3) contextual conditions are
examined due to relevance to the study; and (4) the research focuses on current phenomenon.
Stake (2000) explains that a case study that meets these criteria can fall into one of three types of
cases: intrinsic, instrumental, and collective case study. An intrinsic case study is undertaken
because the researcher wants better understanding of a particular case. With this type of study,
the accounts of those ―living the case‖ will be teased out. An instrumental case study is one that
―provides insight into an issue or redraws a generalization‖ (p. 437). The main difference
between intrinsic and instrumental is that the instrumental case can be of secondary importance.
―The case is still looked at in depth, its contents scrutinized, its activities detailed, but all because
it helps the researcher to pursue the external interest. Here the choice of case is made to advance
understanding of the other interest.‖ (Stake R. , 2000, p. 437)
Other descriptions for types of cases include explanatory, exploratory, and descriptive.
An explanatory study is used to explain presumed causal links to real life interventions, whereas
an exploratory study is used when the case being studied has no clear set of outcomes (Baxter &
Jack, 2008). A descriptive study is used to describe a phenomenon and the real life context in
which it occurred (Yin, 2009). In addition to these descriptors of the different types of cases,
researchers must also determine if a case study is a single or a multiple case. A single case study
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is similar to a single experiment that looks at either a critical case, a unique case, a typical case, a
longitudinal case, or a revelatory case (Yin, 2009). A multiple case is used for description, theory
building, or theory testing and can strengthen the results of a study by using a replication
strategy. This strategy explores cases to look for similar results and pattern-matching. Single
and multiple cases, in turn, can have embedded units of analysis (or sub-units) that add
opportunities for extending and enhancing the study. Data can be ―analyzed within the subunits
separately (within case analysis), between the different subunits (between case analysis), or
across all of the subunits (cross-case analysis)‖ (Baxter & Jack, 2008). A researcher may decide
to also include propositions to help limit the scope and increase the feasibility of completing the
study (Baxter & Jack, 2008). The propositions help to guide the collection and analysis of data.
Not all case studies will have propositions (i.e. intrinsic and exploratory case studies). Figure 2
symbolizes the process of how a single case design can achieve a deeper understanding of a case.

Initial understanding
Insight 1

Insight 4

Insight 3

Insight 2

Figure 2. Diagram of how a single case design can achieve a deeper understanding of a case.
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Yin (2008) provides a general outline for how one should conduct any case study:







Determine and define the research questions
Select the cases and determine data gathering and analysis techniques
Prepare to collect the data
Collect data in the field
Evaluate and analyze the data
Prepare the report

He summarizes the five main components of a case as: the study question, propositions (if any),
unit(s) of analysis, linking data to propositions, and criteria for interpreting the findings.
Yin (2008) also provides a summary of the four different design types for case study research
(see Table 1): Type 1 – single case (holistic); Type 2 – single case (embedded); Type 3 –
multiple-case (holistic); and Type 4- multiple case (embedded).

Table 1. A summary of the four different design types for case study research.

Holistic (single unit
of analysis)
Embedded (multiple
units of analysis)

Single-case designs

Multiple-case designs

Type 1

Type 3

Type 2

Type 4

One major asset of case study research is its use of multiple sources of evidence. These
sources include interviews, surveys, and observations. A good case study design ensures that
procedures can be repeated and are well documented. Case researchers seek both what is
common and what is particular about a case. Stake (2000) explains that case study methodology
is often written by people who presume that the research should contribute to scientific
generalization. However, most of the research is done by people who have an inherent interest in
the case. Their objective is to understand what is important about some complex issue. A good
case study investigator should be able to ask good questions and be a good listener; be able to
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interpret answers; be adaptive and flexible; have a firm grasp of the issues being studied; and be
unbiased by preconceived notions (Yin, 2009).
Both Stake and Yin base their approach to case study on a constructivist paradigm that is
built upon the premise of a social construction of reality (Baxter & Jack, 2008). Through
interviews, participants are able to describe their view of reality and this enables the researcher to
better understand their thoughts, interpretations, and actions.

Animations, Simulations, and Instructional Technology
It is necessary for an instructional designer to think about students‘ conceptions and
misconceptions when trying to organize a coherent, logical examination of where problems arise
in instruction. However, instructional designers and subject matter experts can be biased in the
way they view a problem and in their hypotheses about how and what students think. Alan
Schoenfeld once said ―sometimes you have to build something to see if it will work…and then
you have to study the hell out of it.‖ (Schoenfeld, 1999) The designers of the animations used in
this research have constructed some magnificent tools for helping students visually grasp what
takes place during the process of EMI. However, currently there is no research on students‘
perceptions and thought processes when viewing EMI animations.
Several researchers have shown that students who start out learning about EMI will
represent relationships between quantities in mathematical form instead of graphical form
because they do not have access to qualitative illustrations (Bagno & Eylon, 1997). Students will
emphasize mathematical aspects of field lines which can then impede their physical
understanding of this field (Greca & Moreira, 1997). In physics teaching, graphics play an
important representational role, whether for presenting conceptual frameworks or for accessing
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physical models (Amigues & Caillot, 1990). In order to construct models of a particular
phenomenon in nature, several modes of representation can be used: concrete, verbal, symbolic,
mathematical, and visual. Students in today‘s society are very visually oriented and rely
increasingly on images and multi-media composition for their information. This can result in
students‘ becoming passive consumers of images and animations, rather than becoming critical
interpreters of them (Little & Felten, 2010).
Changes in technology are making it easier to bring animations into classrooms, but this
digital transformation is not necessarily altering how people understand the world. Students
need to learn how to critically look at animations so they can compose their thoughts into more
visual forms. Simulations that model phenomena in nature are an important part of any science
curriculum. Learners in almost all physics courses are asked to read a text and watch in-class
demonstrations on how electromagnetic induction works. They are expected to create and
understand mental models of the phenomenon by transferring this information into cognitive
representations of interactions between magnetic fields, currents, and wires. Most students
represent relationships and models in mathematical form and do not have access to qualitative
representations (Bagno & Eylon, 1997).
In a recent study, a group from the Massachusetts Institute of Technology found that
students using their Technology-Enabled Active Learning (TEAL) format significantly improved
their conceptual understanding of the various complex phenomena associated with
electromagnetic fields (Dori & Belcher, 2003). [Note: Two of the animations developed and used
for the TEAL project were also used in my investigation]. Their findings showed that students‘
post-test scores were significantly higher than pre-test scores when compared to a control group
that did not use TEAL. This research is very promising and shows the importance that graphic
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simulations may have on student understanding of electromagnetism. However, there is currently
no information on students‘ perceptions and thought processes when viewing EMI animations.
Scientists and educators often employ some kind of visual representation when describing or
working with physical systems and processes. The major functions of an animation are to present
instructional materials that are dynamic, abstract, and/or physically invisible in real world
demonstrations. These graphical animations of time-based processes help learners gain access to
concepts that are normally too complex to grasp via other techniques (Land, 2000).
Studies have documented that physics students who use computer-based animations and
simulations do better on assessment measures than students who do not (Steinberg, 2000).
Zacharia and Anderson (2003) investigated the effects of interactive computer-based simulations
as they relate to mechanics, optics, and thermal physics concepts. The simulations were
presented to the students prior to an inquiry-based laboratory experiments. The results of the
investigation indicate that the use of simulations improved the students‘ ability to make
acceptable predictions and explanations of certain phenomena. They also showed that the use of
simulations promoted significant conceptual change in the content areas that were studied.
In a study by Grayson and McDermott (1996), students in an introductory physics course
were interviewed to determine the usefulness of the computer as a means of investigating student
thinking. They explain some of the types of reasoning difficulties students had when resolving
differences in their observations of simulated motions:
Among the most common were: ignoring the effects on their own actions or
changes made to a system when the outcome conflicted with strongly held
preconceptions, not recognizing how specific variables affected a motion or its
graphical representation, not exploiting patterns and symmetries, and failing to
control variables. As students progressed through the tasks during the computerbased interviews, the investigator had a window into their thought processes. It
was possible to get a sense of how much they trusted the physics that they had
learned (or thought they had learned) and how much they relied on their intuition.
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The investigator was often able to determine what specific knowledge students
brought to bear on a particular situation and how and where confusion between
concepts seemed to arise. (p. 563)
Simulations can allow students to observe an event, to alter values of the parameters, to
initiate processes, to probe conditions, and to observe the results of specific actions. Students are
able to then interpret the underlying scientific conceptions of the simulation, compare them with
their own conceptions, formulate and test hypotheses, and reconcile any discrepancy between
their ideas and the observations in the simulation (Zacharia & Anderson, 2003). The following
excerpt from Zacharia‘s and Anderson‘s paper summarizes the key elements that make
simulations so successful:
Researchers attribute the success of simulations to (a) the empowerment of
students (motivating, giving students responsibility for their own learning,
enabling students to confront persistent difficulties), (b) the unique instructional
capabilities (linking learners to information sources, helping learners visualize
problems and solutions, tracking learners‘ progress, linking learners to learning
tools, providing students with a truly interactive learning experience), (c) the
support for new instructional approaches (cooperative learning), (d) the
development of skills (manipulative, investigative, organizational, and
communicative), (e) the development and use of concepts, (f) the development of
cognitive skills (critical thinking, problem-solving and higher-level skills), and
(g) the development of attitudes (curiosity, interest, risk taking, objectivity,
precision, confidence, perseverance, satisfaction, consensus) (p. 618).
Advances in instructional technology and the internet have given researchers the ability to access
representations of physical phenomena online. Research clearly indicates that brain activity is
enhanced when we use and teach students to represent information in a visual way (Kohler,
2009). Videos, animations, and interactive simulations can be beneficial for students who depend
on concrete representations to illustrate intangible quantities. Due to the invisible nature of
fields, animations and simulations provide a means for students to see and manipulate visual
representations that would be otherwise inaccessible (Land, 2000).
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Simulations make it possible for students to explore new domains and structure
information into distinct patterns that help create cognitive models. Dancy and Beichner (2006)
explain that animations present potential for increased student learning when there is a need for
external visualization and when the content depends on an understanding of motion. The abstract
nature of magnetic fields, changing magnetic flux, and induced currents consequently makes
animations and simulations ideal formats for providing students a way to develop a strong
conceptual understanding of EMI. Bork‘s and Steinberg‘s study (as cited in Zacharia &
Anderson, 2003) claim that as instruction advances toward increasingly abstract ideas, students‘
experiences relevant to what is to be learned become fewer and fewer. Animations can help
develop insight into difficult physics concepts by providing simulated environments that reveal
what is normally invisible.
Researchers of perception-oriented inquiry have found that a computer simulation can be
a credible representation of reality (Zietsman & Hewson, 1986). By representing new
knowledge in ways that are meaningful to a novice, animations can play an integral role in the
learning process. Gordon and Pea (1995, p. 250) explain that scientific visualizations have the
―ability to provide concrete images for abstract conceptions that are often portrayed clumsily in
textual or diagrammatic descriptions‖. In their paper, Prospects for scientifc visualization as an
educational technology, they contend that ―scientists and science educators must lead students to
acquire the practices of the tools they use to pursue their craft of finding and forging descriptive
patterns that reveal (or can come to signify) order amidst the seeming chaos of phenomena‖ (p.
250).
Images, videos, animations, and interactive simulations are highly specific to each
scientific discipline. The visual tools often portray phenomena through some sort of model or
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analogy. These visualizations can use different colors to characterize specific kinds of
information, animate sequences to show a progression over time, or simply represent some form
of spatial features. In addition, animations are capable of providing a powerful vantage point for
the viewer, far better than any static image or textual description can offer. By making visual
representations of scientific phenomenon accessible to students, teachers can provide a platform
that will allow the viewer to construct meaning from what they observe. However, research is
needed to recognize how students come to understand scientific visualizations. Land (2000)
described a few of the necessary cognitive traits learners must have to analyze certain
visualization tools. They are






Know what quantities can change in the animations
Recognize if changes in a visual display occur due to manipulation of a variable.
Discriminate which visual cues are relevant to attend to in the animation.
Draw accurate conclusions from observations of the visual cues
Relate conclusions to plausible explanations

The gaps between the way students intuitively think about a phenomenon and the formalisms
used to represent it can be large. Trying to assess these gaps in knowledge is a metacognitive
process that is difficult for novice learners to accomplish without help (Salomon, 1986).
Conducting research in this area requires the investigator to have substantial conceptual domainspecific knowledge to be able to determine what is important about particular scientific
phenomenon. In addition, building tools that do not overlook the key theoretical features can be
a nontrivial task. These tools must model the concepts and make them overt, explicit, and
concrete.

26

Reflection Prompts
Getting participants to become aware of the complex interactions that take place in
representations of natural phenomenon can be complicated. Presenting images or animations
gives something for students to look at, but it doesn‘t necessarily expand their skills of how to
think or challenge their preconceptions about how the knowledge is represented. It is important
that teachers move beyond using images and simulations as merely a presentation tool to using
them as objects of interpretation, argument, and analysis (Little & Felten, 2010). One way of
directing the attention to specific parts of a simulation is through prompts. Reflection prompts
have been shown to have positive effects on the development of students‘ self-regulated learning
competence (van den Boom, Paas, van Merrienboer, & van Gog, 2004). In addition, reflection
questions encourage students to elaborate on an example which, in turn, benefits their learning
(Lee & Hutchison, 1998). By embedding prompts directly into a website, direction can be
provided to encourage reflection and help students focus on important aspects of an animation.
There is empirical evidence that suggests that novice students need help attending to the
relevant parts of an animation (Dancy & Beichner, 2006). Students taking freshman level
college physics course often need help to become proficient at analyzing visual representations.
Developing such skills and capabilities in students requires instructors to examine how they use
– and how they ask their students to use – visual representations in the classroom and laboratory.
The potential for question prompts to facilitate students‘ processing of complex
contextual information presented in cases where contextual issues play a crucial role was
examine by Papadopoulos, Demetriadis, Stamelos, and Tsoukalas (2009). Their research has
shown that procedural, elaborative, and reflection prompts are good at ―guiding students to self-
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generate questions, promote comprehension, monitor cognitive thinking, and facilitate general
problem solving and reflective thinking‖ (p. 193).
Appropriate questions prompts can be used to activate certain cognitive processes that
may help students acheive a deeper understanding of the rich material within a specific case.
Papadopoulos, et. al. (2009) used different prompting modes to offer both cognitive and
metacognitive support in their study of case-based learning within a technology enhanced
learning environment. They explain that elaboration prompts can connect new information to
students‘ prior knowledge and elicit explanatory responses. Reflection prompts can be used to
focus a students‘ attention on specific aspects of an event and elicit increased reflection within
the student. If their thoughts are expressed through think-out loud protocols, the researcher can
obtain more discernible information.
Davis and Linn (2000) used self-monitoring prompts to encourage students to reflect on
their own understanding and be integrators of their own knowledge. To help students develop
domain knowledge, it is imprtant that they work through many cases. By using question prompts
embedded within the case, it is possible to stimulate learners‘ processing of the material by
directing attention on important points in explicit ways (Gerjets, Scheiter, & Schuh, 2007).
Papadopoulos, et. al. (2009) suggest that question prompts should trigger thoughts that are
relevant to understanding the context of a particular situation or event. These thoughts can be in
the form of perception, memory recall, and reasoning. Information processing theory explains
how questions can direct and maintain attention of a learner and assist in processing and retrieval
of information. Thus, question prompts can be used to direct a learner‘s attention to important
information that students may have overlooked.
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When students focus on crucial elements of a case (i.e. an exemplar), they are expected to
―construct abstract schemata that help them discriminate between good and bad decisions‖
(Papadopoulos, et al., 2009). Thus, a question that is prompting perceptions of an event should
stimulate the learner to focus on specific aspects of the experience. As the students create
representations through reasoning about what they are observing and thinking, they should also
begin to build new mental models of the phenomenon being studied. Schön (as cited in Land,
2000, p.74) explains that thinking and doing are complementary, as reflection and action
continually inform each other.
Computers can be used to present process prompts to engage students in explaining facets
of their investigation. Students may be asked to explain content specific knowledge, such as
―what relationships have you observed between…; or to explain why and how specific decisions
are made and their nature to the task at hand‖ (Lin, Hmelo, Kinzer, & Secules, 1999). The
content of the prompts are usually created by experts based on their studies and experience with
the phenomenon being investigated. Prompts designed to encourage students to explain their
thought processes and actions while exploring a computer animation can be open ended, such as
―What more do you need to know to understand this animation?‖ or ―What are some of the
similarities and differences of this animation compared to the others?‖. The key is to encourage
students to explain why, and how, a specific cognitive decision is made.
Another function of prompts is to promote self-reflection and self-explanations. Chi et.
al (1994) explains that there is a ―general momentum in the science education literature toward
talking, reflecting, and explaining as ways to learn, especially for challenging science domains‖
(p. 441). By simply prompting students to self-explain, his study showed that the learners who
generated a large number of self-explanations learned with greater understanding than the
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learners who did not (Chi, De Leeuw, Chiu, & LaVancher, 1994). If students do not have an
understanding of a domain specific principle then a plausible mechanism to get them to learn
about a phenomenon is to present them with an explanation-based learning (EBL) environment
(Chi & VanLehn, 1991). EBL tries to get the learner to reason deductively about what is already
known. However, Chi has empirically shown that students are able to generate new knowledge
that is neither explicitly nor implicitly known. He suggests that students often generalize when it
comes to creating principles. By self-explaining, learners may enhance their understanding of a
principle by making the tacit knowledge more explicit and available for use. Self explanations
are generated when a learner is studying something new, not elaborating on an event using
existing knowledge. Researchers often use a talk-out-loud protocol to assess what kind of selfexplanations students implicitly generate while studying an example (Chi & VanLehn, 1991).
This protocol is simply the verbalization of one‘s thinking process that can be used to discover
explicit insights into a learner‘s cognitive domain.
In order to understand what information is contained in self-explanations, the content can
be captured and grouped in terms of constituent knowledge pieces. These knowledge pieces are
propositions that are contained within the explanation itself. Even though this knowledge may
be incorrect, the students think it is an accurate explanation of the phenomenon. Chi uses this
technique to characterize the content of self-explanations. In his article, The Content of Physics
Explanations, he explains that self-explanations can enhance a student‘s deficient understanding
of a principle or phenomenon. In order to understand the key concepts underlying a principle,
some type of generalizations must be made by the learner. Chi and VanLehn (1991, p. 101)
explain:
That is, even if the principle-related self explanations could be generated by deductions
(so that a student acquires various condition-action rules related to a principle), the
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meaning of a principle may not be understood unless a student generalizes across several
of the individual and independent constituent rules.
The results of Chi‘s study suggest that students can learn, with understanding, form a single or a
few examples. Even when students do not have complete understanding of the domain
principles, self-explanations can serve an important role in enhancing and completing their
understanding of these principles.
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Chapter 3
Research Methodology
This chapter describes the participants, the context of the study, the development of
materials, the research procedures, and analyses.

Participants

The research participants were eleven male undergraduate college students within a
calculus-based, second semester physics course at a technical college in north-central
Pennsylvania. David Richards, the principal investigator (PI) for this study, is an associate
professor of physics at the college but was not the instructor for the course. General Physics II
(PHS 202) is a required class for all students in Electronics and Computer Engineering
Technology and Civil Engineering Technology baccalaureate programs. The professor in charge
of the course granted the PI permission to use students in the PHS202 course for this research.
The class was taught in a traditional face-to-face learning environment, meeting for three fiftyminute lectures and one three hour lab each week. Approval to run the study was given by the
administration at the college, and the application to use human research participants was
approved by The Pennsylvania State University‘s Office of Research Protection Institutional
Review Board. All eleven students that were registered for the class agreed to participate in the
study. Each student completed the consent forms, surveys, quizzes, and interviews. Eight of the
eleven students were majoring in Civil Engineering Technology and three students were
majoring in Electronics and Computer Engineering Technology.
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The Context of the Study
Faraday‘s law of electromagnetic induction is an important principle that all engineering
technology students must understand. This law of nature explains the basic principles behind the
production of all alternating current. As students progress through their science curriculum,
many will form working mental models of electric and magnetic interactions based upon
observations and experimental explorations (Greca & Moreira, 1997). When students encounter
more abstract and mathematically structured concepts, some may transform their mental models
into more sophisticated schemata while others retain more primitive conceptions (Thong &
Gunstone, 2008). Given the abstract nature of electromagnetic induction, knowledge
construction must include qualitative reasoning in addition to symbolic and mathematical
representations. This case study attempts to understand the students‘ qualitative reasoning by
taking an empirical look at students‘ conceptions of EMI while viewing a set of animations and
interactive simulations. The information collected will provide insight about students‘ thoughts
on this complex phenomenon.
The physics course used for this study is designed to familiarize students with problem
solving procedures and concepts relating to electromagnetic phenomenon. The content for the
class includes the following principles:










electric charge,
electric field and potential theory,
capacitance,
current and resistance,
electromotive force,
D.C. circuits,
magnetic field theory,
electromagnetic induction and
alternating currents.
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The students in the course may have had some prior education that involved EMI, but they have
had little to no experience when it comes to analyzing or solving problems involving
electromagnetic induction. The pretest questions provided insight into students‘ prior knowledge
of this topic. As explained in chapter one, EMI has been shown to be the most difficult topic for
introductory physics students to comprehend. This study looks at how students analyze a set of
visualization tools aimed at helping them see EMI in action. This was done first without any
guidance from the instructor or PI of the study, and then with embedded question prompts placed
next to the animated tools.

Development of the Materials
The pre-quiz, post-quiz, and surveys were developed by the principal investigator. Some of the
questions that were used in the pre and post quizzes were collected from current standardized
tests. The pre-interview survey questions (Appendix A) and multiple choice quizzes (Appendix
B) were created to get a sense of what students already know about magnetism and EMI. They
also checked student‘s perceptions about the way they learn new content and if they thought that
the study of electromagnetism was relevant to their major and lives. The instrument also asks
students to rate how much computer technology they use when looking for new information on
content outside of a class. The multiple choice questions were given so that the PI could gauge
how much information students already knew about EMI. The pre-test was given before any
instruction was provided on the topic of EMI.
The post-test and survey questions (see Appendix B and C) were used to give the PI a
better understanding of what the students knew after they received instruction on EMI and
watched the animations. The multiple choice questions were the same as the pre-test questions
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that they took four weeks earlier. The survey questions focus more on the affective domain, i.e.
which animation they think is the most effective in helping them better understand the
phenomenon, and what they feel the hardest thing to learn is when studying this topic.
The videos, animations, and interactive simulations used in this study were developed by
different people at several institutions. Each visualization tool is available through the internet
and was created to help students understand electromagnetic induction and the mechanisms
behind alternating current production. A webpage was created by the principal investigator
containing instructions and links to a set of websites. The first website contains five hyperlinked
images that open up a video, animation, or interactive simulation when selected by the user. The
students commented on each link and thought-out-loud about what they were viewing. The PI
also created individual websites for each of the animations that included instructions and a set of
question prompts for the students. The embedded prompts incorporated questions designed to
focus the students‘ attention to particular areas of the animation. Each prompt encouraged
students to articulate their cognitive steps while manipulating or watching the simulations,
helping to facilitate a better understanding of their thought process. This type of questioning has
been described as ―process prompts‖ because they prompt students‘ attention to specific aspects
of processes while learning is in action (Lin, Hmelo, Kinzer, & Secules, 1999). This
methodology provides students with a means of externalizing mental activities that are usually
unseen.
An extensive review of over forty websites that use some form of animation to
demonstrate Faraday‘s law of electromagnetic induction was conducted by the principal
investigator. From these sites, 21 animations were chosen as possible candidates for use in the
study. The selection was based upon the quality of the animation, simulation, or video and its
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ability to visibly illustrate EMI. All of the selected simulations are available on the internet.
Upon review and preliminary testing by the principal investigator, the number of animations was
reduced to seven. Two of the seven were later removed due to their complexity and dissimilarity
with the other five simulations. The amount of time for each student to go through the set of
animations was also considered in the selection process. After the five representative animations
were chosen, a webpage was constructed by the principal investigator that contained links to
each animation, simulation, or video (see Figure 3).

Figure 3. Image of the homepage showing links to the animations, simulations, and video.
Each of the selected sites contained a conductive ring and a magnet to demonstrate EMI.
Animations two and four showed how the induced magnetic field interacted with the permanent
magnet‘s field, but animations one and three did not show this effect, they only showed the field
from the permanent magnet. The fifth representation was a video showing a falling magnet as it
moved through a superconductive disk. This video did not show the field lines or the current, it
simply demonstrated a real event that the other animations and simulations were emulating.
Table 2 includes the web address for each parent homepage that the links were assigned.
36

Table 2. Web addresses and references for each animation, interactive simulation, and video.
Animation

Web Addresses and References

Link 1

http://micro.magnet.fsu.edu/electromag/java/lenzlaw/ (Davidson & FSU, 2006)

Link 2

http://web.mit.edu/viz/EM/visualizations/faraday/faradaysLaw/faradayapp/faraday
app.htm (Belcher & George-Palilonis, 2004)

Link 3
Link 4
Link 5

http://phet.colorado.edu/en/simulation/faraday (Dubson, Malley, Perkins, &
Wieman, 2010)
http://web.mit.edu/viz/EM/movies/faraday/FallRingRes_640.mpg (Belcher &
George-Palilonis, 2004)
http://web.mit.edu/viz/EM/visualizations/faraday/fallingMagnet/FallingMagnetEx
perimentNear/fallingMagnetExpNear.htm (Belcher & George-Palilonis, 2004)

Each link, in both the unprompted and prompted websites, would connect to the web
addresses listed in Table 2. The unprompted webpage provided instructions and images that
hyperlinked the students to the parent websites when selected (see Figure 4).
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Figure 4. Unprompted webpage showing image links to all five parent websites.
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The students went through each of the animations on their own doing a think-aloud
explanation of what they were viewing. After they completed viewing the five animations, they
were asked to go back to the homepage. They proceeded to click on each animation one more
time, but this time reflection prompts were embedded next to each animation. These prompts
were created by the principal investigator in order to elicit reflective explanations and focus
students‘ attention to specific parts of the animation, simulation, or video.
Animation 1
The first prompted animation was chosen for its clarity and simplicity. Only five components
are shown in the simulation: the conductive ring, the bar magnet, red magnetic field lines leaving
the North pole of the bar magnet, yellow dots that represent positive electric charge carriers
flowing around the conductor, and blue magnetic field lines showing the induced magnetic field
created by the current. Petre (1995) affirms that strategies such as reducing the richness of visual
displays may help novices attend to the relevant elements.
The following four prompts were used for the first animation:

Prompt 1: As you move the magnet up and down, what do you think the yellow dots and
blue loops represent in the animation?
Prompt 2: As the number of red lines changes through the ring, what happens to the
yellow dots?
Prompt 3: Pay close attention to the blue loops that form when you move the magnet.
What general rule could you make about these blue loops?
Prompt 4: Notice how the red lines pass through the ring. Do these lines have to move
across the ring to get the yellow dots to move?
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The student was asked to click on the prompt number on the bottom left corner of the
screen (see Figure 5) and then read the question to themselves, or out loud. After they answered
the question verbally, they proceeded to click on successive prompts until all the questions were
addressed. They then closed the page and continued to the next animation.

Figure 5. Image of Animation Prompt 1 showing the layout of the prompts and the image link.
The first prompt tries to direct the students‘ attention to the yellow dots that represent
positively charged particles flowing through the ring, creating an induced current. In turn the
blue loops show an induced magnetic field that is generated by the current in the wire. The
direction of the induced field is important because it shows that the field produced by the current
always opposes the change in flux from the permanent magnet, this effect is known as Lenz‘s
law. The blue loops in the animation have arrows that indicate the direction of this field.
Students read the prompts and talk out their thoughts about how they perceive the elements of
this animation. A proper student response should include the following concepts:
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A changing magnetic field through the ring generates a current in the conductive ring.
The current, which is usually defined as a flow of positive electric charge, produces a circulating
magnetic field around the ring. The direction of the induced magnetic field always opposes the
change in magnetic flux. As the magnet moves closer to the conductive ring, the flux increases.
This will generate a clockwise current in the ring (as viewed from above) which creates a
magnetic field that points downward in the middle of the ring (as shown in the animation).
Prompt 2 of the first animation attempts to elicit reflection on how the change in field
through the ring affects the direction of the induced current. It is important for students to see
that an increase in flux through the ring generates a current in a specific direction and a decrease
in flux through the ring creates a flow of positive charge in the opposite direction.
Prompt 3 of this animation brings the focus back to the blue loops to see if students can
construct a rule from watching the animation of the blue field lines that are produced by the
current. This ―right-hand‖ rule is taught in class, but is usually difficult for students to grasp. If a
student understands Lenz‘s law, this rule should be stated in his earlier think-out-loud response.
If it was not addressed, the prompt may draw out their understanding of this phenomenon and the
animation‘s representation of it.
Prompt 4 of this animation is meant to make students reflect on the idea of change in
flux. If the student pushes the magnet all the way up, they will notice that the field does not have
to cross the ring to induce the current. This is a subtle part of the animation but an important
one. It is not the field passing across the wire that generates the current, it is the change in the
field through the ring that does this. Students that have a strong conceptual understanding of
EMI should be able to pick this up in the animation.
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Animation 2

The second animation is similar to the first one but there are some differences. This
animation shows more detail in a few of its features. The field lines from the permanent magnet
are continuous loops that start on the north and terminate on the south pole. The magnetic field
from the magnet is influenced by the magnetic field produced by the induced current when the
magnet moves near the ring. This type of representation is not usually discussed or shown in
physics lessons. The animations created by the TEAL team at MIT have this effect in most of
their simulations. Simulations 2 and 4 were created by MIT and include this effect. From a
physicist perspective, this is an excellent simulation since it shows that the net field is a
combination of the two fields created by the permanent magnet and the induced current.
However, novices may find this representation confusing. Links to the prompts were placed in
the lower left corner and the questions would pop into the window on the top left corner of the
webpage. An image link was placed to the right of the prompts (see Figure 6). When the user
selected the image by clicking the mouse, the parent website would open in a new window.
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Figure 6. Image of Animation Prompt 2 showing the placement of the question prompts and the
image link.

The following three prompts were used for the second animation:

Prompt 1: As you move the magnet, or ring, back and forth, watch how the orange
spheres move. How are the spheres affected by the motion of these objects? Be specific
as possible.
Prompt 2: What happens to the lines around the objects when they move near each other
Prompt 3: Vary the speed at which you move the magnet or ring. What do you notice?

Prompt 1 for this animation is similar to the first two prompts of the last animation but is
asking the student to comment on how the motion of either the magnet or the ring influences the
orange spheres. These spheres represent the electric charge within the ring. Students are asked to
be as specific as possible since the motion of the charge in the ring is what creates the induced
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magnetic field. The direction of the motion is directly tied to the changing magnetic flux and is
an important concept for EMI.

Prompt 2 endeavors to get the students to notice the influence the induced field has on the
magnetic field from the permanent magnet. The principal investigator can ask students who
notice this effect to think aloud about why they think the field lines distort.

The main purpose of Prompt 3 is to have students focus their attention on the relationship
between the speed of the magnet and the speed of the moving charge. The

in the equation for

EMI shows that the induced voltage (and thus current) is proportional to the rate at which the
flux changes. Another important concept the student should notice is that the direction of the
induced current depends on if the flux through the ring is increasing or decreasing.

Animation 3

The third animation is different than the first two in that it shows little magnets when
representing the magnetic field instead of continuous lines. It also allows the user to manipulate
several of the quantities shown in the simulation. Students can interact with the animation by
choosing the strength of the magnetic field, the number of coils in the wire, the area of the wires,
the resistance within the circuit, and what type of object the current flows through. Students can
choose between a standard incandescent light bulb or a voltmeter and resistor combination. As in
the second animation, students can move either the magnet or the loop of wire.

Animation 3 was designed to obtain meaningful explanations from students on what
relationships they observed between the various quantities shown in the simulation. Each student
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was able to manipulate the site to see what changes occur by changing one of the variables (i.e.
area, number of loops, field strength). The layout was consistent with the other animations (see
Figure 7). The PI was also able to ask additional questions during the think-aloud protocol.

Figure 7. Screen image of Animation Prompt 3 showing the prompts and the image link.

The following two prompts were used with the third animation:

Prompt 1:
As you move the magnet (or ring) back and forth, what relationships do
you observe? Be specific as possible.
Prompt 2:
viewed?

What is different about this simulation compared to the others you have
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Animation 4

The fourth animation shows a falling ring instead of an object whose movement can be
controlled by the user. The student was unable to change any of the variables or manipulate this
animation. They simply watched the animation by pressing a play button on the bottom left
corner of the screen and were able to pause it at any point. If students wanted to watch the
animation multiple times, they were able to click on the play button again. Questions appeared
in the top left window of the webpage when each link was selected. An image link was placed to
the right of the prompts (see Figure 8). When the image was selected by the user, the animation
would play.

Figure 8. Screen image of Animation Prompt 4 showing the prompts and the image link.
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This animation was also created at MIT and shows a very detailed field. The magnetic field lines
coming from the magnet have a high density and are influenced by the induced current generated
in the falling ring. The animation shows the distortion of the field lines due to the induced
current, as they did in Animation 2. However, the field lines are more pronounced and intricate.
Gravity acts as the force to cause the ring to fall and accelerate toward the magnet. The ring
experiences a force due to the interacting magnetic fields and slows down.

The following three prompts were used with the fourth animation:

Prompt 1: What things change as you watch this animation? Be as specific as
possible.
Prompt 2: Watch the motion of the small balls in the ring as it falls. What do you
think they represent?
Prompt 3: What is the main idea this animation is trying to convey?
The first prompt centers the students‘ attention on the types of changes that occur in the
animation. Several important changes should be mentioned by the student. For example, a
change in flux (blue field lines passing through the ring) produces a current (moving orange
spheres inside the ring), which in turn creates an induced magnetic field. The direction of
movement for the spheres is dependent upon the change in flux. The complex motion of the
spheres moving one way and then the other should indicate to students that an alternating current
is being produced. The acceleration of the falling ring also changes. This is an important
observation since it shows that there is an upward force that changes the acceleration. Students
spent a lot of time during the first semester studying the acceleration due to gravity. This
animation shows that there is a force generated by the induced current that slows down the ring.
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The second prompt concentrates the students‘ thinking on the small spheres again. The
significance of the sphere‘s representing positive charge is an important concept that students
should grasp. An induced emf caused by the change in flux drives these little charged particles
around the loop, creating a current.
The third prompt is a more general question that aims at finding students‘ broad
conceptions of the animation. Asking the student to explain the overall purpose of the animation
and what it is trying to convey takes their thoughts from a focused vantage point to a more
holistic perspective.

Animation 5

This is an actual video of a falling magnet passing through a superconducting ring. It is not an
animation or a simulation, so it does not include field lines or moving charges. It is almost
identical to animation 4 but instead of the ring falling over the magnet, the magnet is falling
through the ring. The ring is cooled to liquid nitrogen temperature in order to be a
superconductor, so it appears to give off a misty fog in the video. Superconductors can generate
large currents when the magnet moves through them and thus can generate large magnetic fields.
Students should be able to transfer what they watched in previous animations to what they see
occurring in the video.

When the image was selected by the user, the video would play. The user is unable to
change any of the variables or manipulate this video. The student watches the animation by
pressing a play button on the bottom left corner of the screen and can pause it at any point. If
students want to watch the animation multiple times, they simply click on the play button again.
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The prompted animation had links placed in the lower left corner that would cause different
questions to appear in the top left window of the webpage when they were selected. An image
link was placed to the right of the prompts (see Figure 9).

Figure 9. Screen image of Animation Prompt 5 showing the prompts and the image link.

The following two prompts were used with this video:

Prompt 1: What are some of the similarities and differences that you see in this video
compared to the animations and simulations you have viewed?
Prompt 2: What do you think slows down the falling object?
Prompt 1 elicits student‘s thoughts on the similarities and differences between the real
world video and the computer animated simulations of EMI. The field lines are not shown, so
students may not know that the falling object is a magnet. Nothing in the video shows that the
cylinder is a magnet or that the ring is a superconductor.
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The second prompt entices students to think about the forces that act on the falling object.
They should be aware that gravity is causing it to fall and that there is some other force that
slows the object down. This force comes from the magnetic field that is created by the induced
current. A main concept here is that induced currents always create magnetic fields that oppose
the change in flux.
Research Procedures
The study began after students covered the topic of EMI in the PHS 202 lecture class. During a
laboratory session, a verbal recruitment script was read to the class and an informed consent
form for social science research was distributed to all the students. The informed consent form
asked each student for their permission to participate in the study, as well as their permission to
be directly quoted in future publications or presentations (see Appendix E). After all the consent
forms were collected, students were given 25-minutes to complete the pre-interview written
survey and multiple choice quiz. All of the students completed the survey and quiz within 20
minutes. This data were collected three weeks prior to the planned interview sessions and were
used to provide information on each student‘s prior knowledge of magnetic fields, magnetic flux,
changes in magnetic flux, magnetic fields created by currents, and induced currents.
After all consent forms, pre-tests, and surveys were reviewed by the principal
investigator, the interview process began. During another laboratory session, students were
selected one at a time and asked to go to the PI‘s office just around the corner from the
laboratory. Each student was brought from the laboratory to the office by the PI, while the other
students remained in the lab to conduct an experimental investigation. At the beginning of the
interview, each student was given a brief explanation of what they would be doing and asked to
read a set of instructions that appeared on the computer screen. Students were then asked to
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view the set of videos, animations, and interactive simulations that involve Faraday‘s law of
electromagnetic induction. A video recorder was set up to document the students‘ interactions
with the animations on the computer screen and to record all dialogue that took place in the
room. Figure 10 is a picture of one of the participants viewing an animation during the think—
out-loud interview.

Figure 10. Picture of a participant viewing an animation.
Each student was asked to think out loud as they viewed the animations, explaining in
detail what they were thinking about as they watched or interacted with the simulation on the
screen. The study was designed to limit external direction. The principal investigator was in the
room to offer encouragement, answer questions, remind students to talk out what they were
thinking, and to ask follow up questions if needed. The think-out-loud technique was used to try
to assess students‘ understanding of EMI while observing the animations and provided a
mechanism to evaluate each student‘s thought process. After each student viewed the five
animations and described what he had seen, he was asked to go back and look at the same set of
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simulations, but this time reflection prompts were embedded next to each one on the website.
These prompts were designed to cognitively engage the students and direct the student‘s
attention to specific actions within the animations. By focusing the learner‘s attention on
specific portions of the animation, the PI hoped to get each participant to provide a deeper
interpretation of what they were viewing and thinking.
Once each student completed the review of all the embedded animations, I took him back
to the laboratory and the next student was selected from the group until all students in the study
had been interviewed. Due to time limitations, three of the students were interviewed during one
laboratory period and the remaining eight students were interviewed during the next laboratory
session. The total time spent interviewing the students for both the pre-prompt and prompted
animations was 246 minutes. A break-down of student‘s recorded time is shown in Figure 11.
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At the conclusion of all the interviews, a post-test was given to get additional data on
students‘ understanding of induction as well as their views on how videos, animations, and
interactive simulations helped them conceptualize EMI. The class was given 25 minutes to
complete the post-interview survey questions and quiz. This post survey and quiz was given to
the students at the end of the instructor‘s lecture session, one day after the completion of the
interviews and two days prior to the end of the semester.
The transcribed think-out-loud interviews, surveys, pre/post quizzes, and observations
were used as data for this case study. The animations were not seen the same way by everyone.
The PI examined students' thoughts, actions, and attitudes while they viewed and interacted with
each computer simulation of EMI. Transcriptions of the interviews supplied a means to discover
multiple views of students‘ conceptions, as well as provided an in-depth look at how each
student analyzed the visual information contained in the animations. An understanding of each
student‘s ideas and conceptions about EMI animations emerged that helped the PI find some of
the discrepancies and inconsistencies in their thinking.

The Case Study Research Design
The case was a revelatory/exploratory, intrinsic, single case, Type 2 (embedded) design. It was a
revelatory/exploratory case because there is currently no research on student conceptions of EMI
animations that provides insight into the problems students have with these visualizations. It was
also exploratory since the case had no clear single set of outcomes. It was intrinsic because the
PI wanted to understand students‘ conceptions of EMI animations. The purpose of the
investigation was not to build a theory or to understand some abstract construct. It was a Type 2
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(embedded) design because the unit of analysis in this investigation was the conceptions and
interpretations of EMI animations by students in an introductory college physics class at a fouryear technical college in north-central Pennsylvania. Each student was a sub-unit of the case.
The research questions of interest to the PI were: What are students‘ initial conceptions of EMI
while viewing a series of videos, animations, and interactive simulations?; Can embedded
reflection prompts improve the learners‘ ability to identify and understand critical attributes of
EMI?; and How are students‘ perceptions of induction affected by viewing videos, animations,
and interactive simulations of EMI?
The case was bound by time, place, and activity. The interviews took place on a predetermined day (April 20th & April 27th, 2010) at a predetermined time (12:30 – 3:30 PM). The
interviews were conducted in the PI‘s office using the PI‘s computer and videotaped to record
the dialogue and actions of the students.
Analyses
The purpose of the study was to look at students‘ conceptions of electromagnetic induction while
they viewed a series of animations pertaining to Faraday‘s law of electromagnetic induction.
The results of this investigation convey students‘ thinking about various attributes and concepts
portrayed in the animations, simulations, and video to the actual phenomenon of electromagnetic
induction. In order to get a rich understanding of the class‘s initial conceptions of EMI, the PI
took notes while the students performed the think-out-loud protocol, read through each
transcribed interview multiple times, and analyzed the pre-quiz / survey. Chapter 4 presents the
findings and discussions of this information and Chapter 5 summarizes these results.
The think-out-loud interviews were conducted after instruction was given on the topic of
EMI. The eleven students that participated in the study should have been familiar with the
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terms, concepts, and interactions that were presented in each animation. Key terms and concepts
(i.e. electric charge, magnetic fields, magnetic flux) were looked for in each student‘s remarks
during the interviews. The recorded audio from each interview was transcribed by a professional
organization and converted into Microsoft Word documents. The PI reviewed all of the
transcriptions for accuracy and saved them as text files to eliminate any formatting problems
with the coding software. The program NVIVO 7 was used to classify, sort, and arrange all the
data from the transcripts.
Transcribed text from each participant was imported into a documents folder within
NVIVO and then nodes were created for each animation. This allowed the PI to collectively
group all of the students‘ responses for each animation into one place. Once each node was set
up, case nodes were created to evaluate the students‘ conceptions of induction for each EMI
animation. Queries were run to look for specific words and phrases within the transcripts that
matched appropriate EMI terms and concepts.
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Chapter 4
Results and Discussion
This chapter presents the outcome of the experimental study and discusses the findings.
The first part provides a general overview of the information garnered from the pre-interview
surveys, followed by a summary of the think-out-loud interviews for the unprompted animations.
Next, the findings of the think-out-loud interviews for the prompted animations are examined
and discussed for each student. Lastly, the results of the post-interview surveys and the pre/post
quiz data are reported.

Pre-Interview Survey Results
The pre-interview survey provided background information on the students‘ prior
knowledge of magnetism and electromagnetic induction. The survey also supplied the PI with
information on students‘ perceptions about how they learn and their opinions on the importance
physics principles play in their major.
Seven of the students had heard of Faraday‘s law of electromagnetic induction, while
four students had never heard of this law. The students that had heard of this law before were
asked in the survey to write a brief explanation about what they knew. Table 3 shows the written
responses to this question.
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Table 3. Student explanations of pre-instruction knowledge of Faraday‘s Law.
Student

Comment

2

Relates current flow and magnetism.

3

The name sounds familiar.

5

The name.

6

Nothing, but I have heard of the term.

7

If a current is running through a conductor it produces electromagnetic field.

9

I have heard the name thrown around.

10

Have just heard it mentioned.

It is evident from this information that only two of the seven students have some legitimate
knowledge of this law.
Question 5 on the pre-quiz asked if electrical currents can be created by using magnets,
nine of the students said yes, one said possibly, and the other was not sure. When asked how the
current is created by a magnet, most of the students did not know. Table 4 contains their
responses to this question.
Table 4. Student responses to survey question on how magnets create electric current.
Student

Comment

1

Not sure how it works.

2

By moving a magnet over an inductor (or wire, obviously).

4

Aren‘t there flashlights and radios that use a magnet surrounded by a copper coil
to power such small devices?

5

Through variation of charge.

6

By spinning them around a conductor, like a magneto.

7

By polarizing materials.

11

Have no idea.

57

Out of the nine students that understood the basic tenet that electrical currents can be generated
by magnets, only three were able to provide a viable explanation of how this happens.
The pre-interview survey also asked the students to explain what they thought was
responsible for the production of magnetic fields. Table 5 shows their response to this question.
Table 5. Student responses to the question on the production of magnetic fields.
Student

Comment

1

The relationships between the masses, one must be a much larger than the other.
How dense an object is also.

2

I know that current travelling through a wire creates a magnetic field.

4

Charges on a surface and the orientational configuration of that surface.

5

Electrical charge and changing potential.

6

Polarity of electrical potential?

8

The charge of a particle.

9

Gravity.

10

Internal electric charges.

11

Large mass rotating around the sun.

Since the class had covered the topic of gravity in a previous physics course, they were aware
that mass is responsible for gravitational fields. It is clear from the responses that only Student 2
has some concept of how magnetic fields are generated. The other students either did not know
the answer or related magnetic fields with the concept of gravitational fields.
Ten of the students listed themselves as being kinesthetic learners and one student rated
himself as a visual learner. When asked to rank on a scale from 1 to 5 (one being not very
important and five being very important) how important an understanding of magnetic fields was
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for their major, one person chose 5, two students chose 4, two students chose 3, four students
chose 2, and two students chose 1.
Seven students stated that they use the internet more than ten times per semester to look
for answers and insights into concepts they don‘t understand. Three students use the internet
between two and ten times per semester for answers and insights. One student only uses the
internet once or twice a semester for this type of information.
Students were also asked to express their opinion on the usefulness of physics principles
in their daily life. Table 6 shows students‘ responses to this question.

Table 6. Student opinions on the usefulness of physics principles in their daily lives.
Student

Comment

1

Some very. Some not.

2

In the daily life of an electronic engineer, very important.

4

Useful! I don‘t know. But I enjoy analyzing and being able to quantify/break
down actions/reactions.

5

Practically – little to none. Curiosity – somewhat.

6

Physics principles as far as the physical universe, forces I can feel and touch
and see and the way they act upon me and my universe are interesting and
more important to me. However, the ‗invisible‘ physical universe, electricity,
magnetism, is less interesting to me.

7

It is somewhat useful. It makes me think about the world differently.

8

I feel that physics is useful in my daily life but for me it is a realization of how
things work not really tool for figuring out problems.

9

Very little.

10

Useful but not extremely important.

11

Important.
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Think-out-loud Interview Results for Unprompted Animations
One of the most important concepts in EMI is the idea that a changing magnetic flux
produces a current. Nine of the eleven students used the term ―flux‖ within at least one of the
five pre-prompted animations. There were a total of 21 references to this term. The students‘
conception of flux was studied, along with its proper use when describing how current is
produced within a conducting ring. Out of all the incidences where flux was mentioned, it was
only used in the proper context by four of the students. Even the students who used the term
correctly in part of their explanation confused the term with that of the magnetic field.
For example, Student 2 used the term flux in several of his observations:
So this is showing that as the flux lines pass through you get more and more of a
current going in a particular direction here and as the magnet stops, the current
stops.
Okay. Well we see the interaction between this ring and the magnet and you can
see the magnetic flux lines morphing over this ―oohh‖ this ring and at the very
center the ring is moving. So we‘re looking at the… okay, so on the right here we
have the flux lines versus time. As I move this guy, it shows how the flux lines
are interacting with the ring. Now, if I move the ring, which I haven‘t done yet…
This one is also showing us how the movement of magnetism or movement of
magnetic flux lines induces a current in the wire. Oh, I see. So the ring also
moves as the flux lines go over them, but then that also is reluctant here. Here
we‘re seeing that it induces the certain current as I move it faster and faster here,
current increases. Very good
So the metal ring comes over and this must be just identifying which way the flux
is going here but those balls are the current, the electrons in the conductor, it is
nice to see such a flowing picture of what happens with the movement over the
magnetic fields here
In each of the statements above, the term ―magnetic field lines‖ should have been used instead of
―flux lines‖. The subtle difference between these two concepts is often misunderstood. However,
the student was able to explicate that there needs to be a change, or movement, of the field to
produce a current. He used the term flux correctly in the last statement.
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Student 11 was also able to correctly use the term flux when explaining how the current
was being induced in the conducting loop. He states,
This looks like as a magnet moves through the ring, and its showing how the
magnetic field is changing, as it goes in and out of the ring and it has, the graphs
over here, shows the current changes along with a flux.
So basically its showing the concept of how it doesn‘t really matter if you move
the ring or the magnet through, it‘s still going to change the flux and stuff and the
current is changing as you move a magnet through a field.
In addition, Student 8 correctly used the term ―change in flux‖ when he was explaining how the
current is produced.
Okay, as the bar magnet goes through, looks like it‘s changing flux and these are
the magnetic lines and they are going through the rotating ring, the flux is giving
the current in the ring as the magnet travels through the ring.
Lastly, student 5 correctly stated that ―flux lines are going through this circle and the amount of
flux lines going through are increasing flux and the rate at which it‘s moved changes current‖.
The remaining five students used the term ―flux‖ erroneously in their descriptions of the
animations. The PI asked Student 3 to be more specific about what he meant by the statement,
―Oh yeah, it‘s definitely changing now but when I send it through, it‘s resisting‖, he replied ―The
flux lines? Don‘t want to put a word on that‖. It was clear that this student did not understand
the concept of flux and how it was different than the field. This student also referred to ―flux
lines‖ instead of field lines in several other instances. Student 6 was not sure about the proper use
of the term flux as well. He states,
It appears that the total flux doesn‘t really have a relationship to it… I don‘t know
if I have a conception of what‘s actually going on other than the fact that if I
move the magnet through the ring, it appears as I can maintain a more constant
total flux than if I move the ring along the magnet back and forth and it appears to
vary lot more.
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One student also made mention of the ―magnetic flux charge‖ running through a wire.
This confusion and mixing of terms indicates that the students do not have a strong
understanding of the terminology used in describing this phenomenon.
The magnetic field is another important concept used in explaining EMI. Students‘
conceptions of magnetic fields were often confused with that of electric fields. Six of the eleven
students erroneously referred to electric fields instead of magnetic fields in their pre-prompt
description of the animations. Some of them were not sure what type of field was being
represented, so they used both terms in their narrative. Table 7 exemplifies this confusion.
Table 7. Examples of student confusion of magnetic fields with electric fields.
Student

Comment

1

―the blue loop I believe is a magnet or an electric field‖

2

―It also shows electric field lines there‖

4

―and I think the red line are they electric field lines?‖

5

―as the ring goes down, across the magnet, creates an electric field‖

6

―which causes the blue rings, the magnetic or electric fields…‖

8

―its showing that the electric field, or the magnetic field is going through this
ring‖

9

―but I am thinking that the magnet is hitting an electric or, an electric current
around this I am not quite sure, has to be an electric field.‖

Both electric and magnetic fields are often represented in diagrams and animations in the
same way. A key difference is that electric fields start on positive charge and end on negative
charge. Magnetic fields are continuous loops that are usually shown leaving a north pole of a
magnet and entering a south pole. An induced electric field can circulate around a wire and is
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referred to as an induced emf. The induced emf is created by a changing magnetic flux through a
conductor and is what drives the current around a ring. The complexity of the interactions is
deep and many students confuse these terms. Although the students in this study had instruction
on the topic of EMI, many were unable to properly describe the fundamental underpinnings of
how current is produced by changing magnetic fields.
By looking at the entire class‘s initial response to each pre-prompt animation, a
multifaceted understanding of student‘s conceptions, and misconceptions, about this
phenomenon emerged.
Animation 1
Recall from chapter three that the first animation was chosen for its clarity and simplicity.
Five critical attributes were shown in the simulation and the students were only able to move the
magnet up and down through the conducting ring (see Figure 12).

Figure 12. Image of the first animation link showing a magnet and the conducting ring.

The PI explained to each student how to do a think-out-loud protocol and what was
expected from them as they went through each animation. The first pre-prompt animation did
not elicit any in-depth explanations. In fact, the total number of words from all student responses
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for this animation was only 611. Most of the responses were one or two sentences. Their initial
conception of this animation was very limited in scope. Most of the students described what
they saw on the screen but did not correctly identify many of the components in the animation.
For example, one student stated ―I‘m not sure what the, I think the blue lines are the electro or
the magnetic field and I think the red line are they electric field lines, and I am not sure what the
yellow dots are doing. Maybe they are electrons.‖ In this animation, the red lines are the
magnetic field lines of the permanent magnet and the blue lines are the induced magnetic field
created by the flow of positive charge around the ring. Physicists use a conventional flow to
represent current ( i.e. positive charge moving through a conductor) when defining induction.
Therefore, this student‘s conception of fields and current was not clear. Several other students
mentioned the ―right-hand rule‖ when describing this animation. This rule is used to determine
the direction of the magnetic field created by a flow of charge. However, the students did not
explain how the right hand rule was being shown in this animation.
Another important conception that surfaced in the first viewing of Animation 1 was the
confusion between field and force. The following comment shows that the student was
confusing concepts of electric fields, electric charge, and force. ―Okay, so it‘s becoming charged
with like a current and then the blue is the force and as I pull up and pull down, the force
direction and current direction changes.‖ One other student also mentioned that a ―ring of
charge‖ produces the magnetic field. It is a flow of charge that creates a magnetic field. It is
unclear here if this student was confusing electric fields due to static charges with magnetic
fields due to currents.
The animation clearly shows the direction of the induced magnetic field. Arrows
showing the direction of induced fields around a wire are important. The arrows show that
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induced magnetic fields always oppose changes in the external magnetic flux. Some of the
students did notice the arrows on these blue loops but did not clearly articulate what these arrows
were trying to show in the animation. Student 9 stated, ―Well, I think those blue lines, they are
just showing the direction of what the magnetic field would be… the direction of magnetic field
is going clockwise. Well, clockwise on this left side and then counter clockwise on this side and
when you pull it away, direction is going more toward up, facing up.‖ Student 6 also commented
on the direction of the current and/or field, it was not clear which part of the animation he was
referring to, ―As I move it toward the ring, cycle one way and the way cycle the other, makes
sense to me, but it doesn‘t do anything if you stop the motion‖. Without interjecting additional
questions or providing some type of prompt for the student, the student responses were quick,
vague, and unclear.

Animation 2
This animation was more complex than the previous one but it was similar in that it
contained a ring and a magnet that can be moved by the user. It also contained graphs on the
side to show the flux and the current values as a function of time. There were also four small
orange spheres on the ring that represented positive charges (see Figure13).

65

Figure 13. Screen shot of Animation 2 showing the graphs, magnet, ring, and small spheres.
As the flux changes through the ring, the charges begin to move around the ring. The direction
of this motion depends on if the flux is increasing or decreasing through the conductive loop.
Four students confused the movement of the spheres as a rotation of the entire ring. This was an
interesting conception that surfaced, since it was one that the PI did not foresee or expect. The
following statements are examples of students‘ conceptions on the motion of these charges:
Student 1: So you can move the ring and you can move the magnet to cause a rotation of
the ring when you move the magnet
Student 2 So the ring also moves as the flux lines go over them, but then that also is
reluctant here.
Student 7: The magnet, the ring looks like it‘s actually moving with the object as it
moves through as the magnet…
Student 8: Okay, as the bar magnet goes through, looks like its changing flux and these
are the magnetic lines and they are going through the rotating ring.
Other students were not quite sure what the orange spheres represented in the animation.

66

Student 1: The orange balls I‘m not really sure what they would be.
Student 7: I am not really sure what the orange dots are to tell you the truth.

Most of the students were able to identify the magnet, the ring, the fields, and the current.
However, in one case, student 3 was not sure what the conducting ring represented in the
animation. ―I couldn‘t put a word on it. A magnet of some kind…It could be kind of magnet‖
Several students spent time looking at the graphs that showed how the flux and induced current
varied as a function of time. Some did not look at the graphs at all. Each student spent more
time with this animation than the first one and made more comments. In fact, there was more
than twice the number of words for this animation compared to the first one.

Animation 3
This simulation received the most accolades from the class while they were viewing it.
They were able to change different quantities in the animation to see how it affects the system.
The simulation had many of the same basic components as the first two (i.e. a ring, a magnet,
and embedded charges inside the ring that moved when the there was a change in magnetic flux).
However this one also included a light bulb to show the magnitude of the current flow. The
student also had the ability to change the light bulb into a voltmeter to show how the voltage
changes as the magnet moved in and out of the coil (see Figure 14).
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Figure 14. Screen shot of Animation 3 showing the magnet, coil, light bulb, and voltmeter.

The magnetic field around the permanent magnet was represented by small magnets instead of
continuous lines. The area of the wire loops and the number of these loops could also be varied
by using the sliders and arrows on the side.
The following quotes from different students show how they initially analyzed
this animation:

So, I have a magnet on the screen and there is a bunch of little what look like
compass heads and as you move the magnet you can watch a light bulb light up
based on how much area there is in the loop and then when you move the magnet
through the loop, little blue dots move which symbolize some sort of current or
induced voltage in it.
Okay. So this one is full of tiny little compasses here, and we get the big
compass. This one is also showing us how the movement of magnetism or
movement of magnetic flux lines induces a current in the wire. All the compasses
are kind of helpful to see where the lines, you know, how they interact. I think
that‘s better than all the flux lines.
This is like a, these little things right here, look like little compass needles for the
direction of the magnet and if you move the magnet, it produces the current to
light the light bulb. The blue dots are supposed to be electrons.
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Okay as the magnet travels through the coil under the light it is creating a current
which lights the light bulb and same result if you move the coil around the magnet
either can be moved, the magnetic, you can see the change in magnetic field with
the arrows and going through will create a current which lights the light.
All right, animation number 3, the red and white arrows, I guess you want to call
them are the magnetic field lines around the magnet and as it passes through,
that‘s north pole south pole passes through the rings of coils, coils or wire creates
the current that turns on the light bulb.
Let‘s see, moving the magnetic field here, into a ring, is producing a current for
the ball, and looks like but actually you move it, the more current you are going to
get out of it, which is good, actually really good understanding, helps to clear up
how magnets create current about the change of the magnetic field through and
the speed.

Some of this information is simply a description of the components shown on the screen, but it is
apparent that the students are able to articulate their understanding of EMI much better with this
animation than with the previous ones. This effect may be due to the fact that the students were
starting to construct a deeper understanding of the phenomenon as they progressed through each
animation. The light bulb is definitely a feature that the students seemed to like, as well as the
discrete small magnets that represented the direction of the field lines.
Several of the students discussed how the brightness of the bulb varied as other things
within the animation changed, and how the bulb‘s brightness was a better representation of
current flow than simply that of moving charges inside a wire:
Very good. This is more demonstrative of… obviously the voltage that is being
applied to that part of that resister but I think the light bulbs are better indicator of
what‘s exactly happening in the circuit. Wow, that‘s much better. Very good.
Yeah, I like the light bulb better but obviously the voltage, the volt meter is nice.
Increasing the number of loops increases how much voltage and current I can
create and how bright the light bulb is along with increasing the loop area.
Clearly get a much more greater, greater voltage with three coils than one, more
light by 3 and I think take it down to one. Yeah, three coils is greater than one.
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So, the tighter the coil, the faster the magnet moves back and forth, the greater
output. That is what I am getting from this one.
It shows so much current, it may have with the different size of loops, more loops
the more current, this is actually really good for visualizing this, because just
drawings on the board, it‘s hard to actually get the idea, but when you actually get
to put your hands on, and see how the magnetic field changes along with the loops
sizes, and loop area, it shows how the different current is.
A few students even realized that the voltmeter was showing that an alternating current
can be generated when a magnet is moved in and out of the coil. This is one of the most
important concepts for Faraday‘s Law:
Yeah, it‘s nice. Yeah, if you switch it to a meter, you can see how the voltage
moves positive and negative as you move the magnet through the ring or the set
of rings. It‘s nice.
The bar magnet is moving through the coil of wire, current is being created
through the movement and the light is lighting up from that, one side would be
positive and one side would be negative and because it‘s hasty, it doesn‘t really
matter which way the current is flowing to light up the light bulb.
Another important concept that confused students was how the amount of current
produced was proportional to the rate at which the flux changed. Several students commented on
how the speed of the magnet influenced the brightness of the bulb. This correlation in students‘
minds might indicate that they recognized the relationship between the rate at which flux
changes and induced current, but the unprompted interviews did not reveal this.
I move the magnet back and forth slowly right now and see if it, yeah the speed,
the velocity of the magnet moving back and forth through the coil definitely has
to do with the amount of light I can get out of the bulb.
If it comes in at a faster speed, the light definitely gets brighter, if you move it in
faster, yeah, definitely, moving in faster, the light gets brighter.
As the loops increase, the area increases, creates more current through the wires,
creates somewhat of a current as you move it up and down more current is created
the faster magnets moved, I guess, current is directly related to the velocity.
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Animation 4
Animation 4 was a computer simulation of a ring falling over a permanent magnet, and
not an interactive simulation like the first three animations (see Figure 15).

Figure 15. Screen image of Animation 4 showing the magnetic field, charges, ring and magnet.

The user could not manipulate the image in any way. By hitting the play button on the
bottom left corner of the animation, the student could watch as the ring fell over the magnet and
off the bottom of the screen. Since the animation only takes a little over ten seconds to watch,
students played the video several times. The animation is beautiful and mesmerizing. The high
density field lines are much more intense than the previous representations, and these field lines
morph as the ring moves over the magnet. The movement of the falling ring looks very real and
there are nice interactions between the ring, field, and magnet. Student 2 commented that ―it is
nice to see such a flowing picture of what happens with the movement over the magnetic fields
here‖. The positive electric charge inside the ring is represented by small orange spheres. As the
flux increases through the ring, the current flows one way, and as the flux decreases through the
ring, the spheres move the other way.
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Student 1 explains that he thinks ―it‘s a ring and possibly a magnet and the ring passes
over the object in the center and orange balls inside the ring which rotate and make it seem like
it‘s a magnet inducing current or voltage‖. Two students also picked up on the fact that the
charges move in different directions depending on the direction the falling ring is moving:
Yeah, I see the electrons moving different ways depending upon the direction of
the metallic ring. This is better to see what the ring does to the magnetic fields.
I think the balls inside the ring, the horizontal rings are showing current changing
as it‘s falling, how would change direction.

These conceptions are in line with a scientific understanding of EMI. The key concept of
―changing flux‖ was not used in most of the explanations. The actual procedures that drive the
induced current within the wire were not expressed in most of the students‘ responses either.
However, one student tried to explain that the current in the coil acts like an electromagnet, but
his confidence that the statement is correct was low.
It‘s like a, it‘s looks like a coil dropped on like a magnet, it looks like. I am not
really sure what these blue lines are right here, they might be, I am not really sure
about this one. It looks like a coil falling on it‘s also rotating as it goes down. It‘s
kind of like if you would have like two magnets on top each other and it would be
hovering there but it doesn‘t sustain like an electromagnet on top of in opposite
pole and just like try to resist it but it goes down so I am not really sure what‘s
going on.

This animation seemed to confuse the students the first time they viewed it. More than
half of the students were unsure or puzzled by the actions within the animation. The brief
statements in Table 8 show several different students‘ uncertainty about what each object is
suppose to represent within the animation.
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Table 8. Examples of student confusion on Animation 4.
Student

Comment

1

―uhh.. don't really know what else is happening?‖

3

―I‘m not 100% sure.‖

4

―that is how I would take it‖

5

―I guess‖

6

―So, I‘m just puzzled…. I don‘t know what these are‖

7

―I am not really sure about this one‖

8

―I am not 100% sure of that‖

Students did mention the word ―flux‖ eight times in their observations of this animation.
In addition, the concept of force was brought into their analysis for the first time. With all the
other animations, the students moved the magnet or ring horizontally, almost as if they were
looking down on it from above or holding it in front of them. In this animation, the ring falls
vertically and accelerates initially. Gravity is an apparent force in this animation where it is not
in the other three. Students spent many hours studying the influence of gravity on falling objects
during the first semester. The obvious opposition to this force is clearly noticed by three of the
students, as shown in Table 9.
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Table 9. Examples of student‘s comments on the force due to a magnetic field.
Student

Comment

3

―So it‘s pushing an upward force up. It‘s the force holding that up before it falls
all the way.‖

5

―if it‘s the direction of the force, a physical force from the magnet itself.‖

8

―it might be magnetic field lines just resisting it.‖

The field lines distort in this animation as they did in Animation 2. This effect may be
what causes confusion. Only one student commented on how the fields were being distorted by
something as the ring fell past the magnet:
Right here we can see that they are distorted and this view as the current, these
orange circles, are induced, it distorts the magnetic field lines around the magnet,
right here we could see it,

Animation 5
This is a real video showing the reaction of a falling magnet as it passes through a
superconducting ring. The motion of the magnet is identical to the motion of the ring in
Animation 4 but without the field lines being shown. Students were confused by this
representation for several reasons. The superconducting ring was producing a smoke-like mist
around it since it had to be cooled to liquid nitrogen temperatures to be superconducting (see
Figure 16).
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Figure 16. Screen image of magnet falling through superconducting ring.
A superconductor had to be used to dramatically show how the magnet reacts to induced
currents. In addition, the ring looks more like a disc than a wire as in the previous animations.
Since the magnetic fields and charges inside the disc are not able to be seen in this
demonstration, students did not have as many visual cues to interpret. The video was placed last
so that students would have some association with how interacting fields influence moving
magnets and current-carrying wires (or rings). However, most of the students did not transfer
these associations to this video; instead they focused on other attributes.
Here is a clear tube and what looks like they are magnets or just metal cylinders
dropped through it and it hits something that is…Yeah, that is not steaming, but
that looks like it‘s really, really cold and it‘s creating like a fog
Well, it seems to me like that‘s dry ice or something with smoke, you know, CO2
coming off of it or something like that. If it‘s dry ice, they must be testing the
temperature effect on magnetism. I am assuming that‘s a solid magnet in the
middle dropping down and if that is dry ice, then that‘s very interesting.
One concept that appeared in several student responses was that the ring is a permanent magnet.
If it were a permanent magnet, then one should expect the falling magnet to remain stationary
once it stops in the middle of the tube, but it kept falling through.
I guess it‘s just a really cold magnet and that‘s another magnet and then showing
how strength changes in between, there and there. I think that I have found
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somewhere that really cold lines of electric things can transfer energy better or
something like that.
When the metal object in the tube hits where that object is on the outside of the
tube, it slows down dramatically and once it passes through that then it speeds up
again. What the two objects are, I am not really sure. I can‘t really tell.
Student 6 provided an interesting explanation of what he thought of this video. He refers back to
the previous animation in order to relate the motion of the two objects, but he too was unsure
about what was happening and was uncertain which object was the magnet:
Student 6:

It looks as though there is a very cold magnet, then a clear glass tube and
then the magnet is attached to it and then it looks as if someone is
dropping a socket down through there and it‘s pausing at the magnet
briefly as it moves through the magnetic field. Just like the ring in the
previous example as it comes in it kind of hesitates for a second. Right,
right there. It hesitates at about 2 seconds into the video and then it
proceeds to slowly drop through the magnetic field until it leaves again.

Interviewer:

So, which do you think is the magnet?

Student 6:

I think the magnet is the, I think this is the magnet but I could be wrong,
this could be the ring and then that could be the magnet dropping but I
think that this is the magnet.

Interviewer:

Okay. You are pointing to the ring?

Student 6:

Yes, the ring. That‘s smoking or it‘s cold or, I‘m not sure what it‘s doing.

Student 8 also had a similar experience with this video:
Student 8:

Okay. It‘s just a magnetic being dropped down and as it approaches the
magnetic field, it‘s slows and kind of hovers, and as it breaks that
magnetic field, then it just continues dropping piece of metal down the
tube to the magnetic.

Interviewer:

What are you referring to as the magnet, the falling object?

Student 8:

I guess, either could be, I guess, in this case, it looks like may be the
magnetic is actually the one that is falling and the ring is, it appears that
the metal or whatever here is either cold or real hot though, I don‘t know.
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The student realized that there was an interaction between two magnetic fields but did not clearly
state the nature of this interaction. He explained that the falling magnet was able to break the
magnetic field and continue to fall. The fact that there was also an induced magnetic field being
generated by the current in the disc was not noticed.
Student 10 had a similar description of what he thought was happening in the video:
Looks like this is super cooled, probably by liquid nitrogen or something of that
nature, saw a piece of metal coming through the pipe, as it hits the super cooled
piece, it slows down almost like it hangs in mid air for a split second.
It almost seems like that this super cool piece, creates a magnetic field briefly like
right there, when it first came down and then bounced, seem like it created a
magnetic field, this super cooled piece induced a magnetic field on the metal
piece, the first stop and then reverse its direction and then gravity took over to
brings it back down slowly through the magnetic field.
This student correctly deduced that the disc created an induced magnetic field which slowed the
falling magnet. He also was able to correlate gravitational and magnetic forces in his
explanation.
Student 11 was not sure about what type of field was occurring in the video. ―I can take a
guess but I am thinking that the magnet is hitting an electric or, an electric current around this I
am not quite sure, has to be an electric field.‖ He referred to an electric field as the cause for the
slowing down of the falling magnet. He also inferred that an electric current was created around
the disc but did not associate this to the magnetic field created by this current.

Think-out-loud Interview Results for Prompted Animations
The think-out-loud interview sessions provided valuable insight into students‘ initial
conceptions about electromagnetic induction for the five separate animations. After each student
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completed viewing all of the animations, they were instructed to go to the homepage and click on
the animations containing prompts (see Figure 17).

Figure 17. Screen image of the homepage‘s links to prompts.
Embedded question prompts were presented within each of the links to extract deeper
reflection of key aspects in the animations. The individual prompts for each animation are listed
in Chapter 3. The following sections summarize the students‘ responses to the prompts and
evaluate their effectiveness in obtaining deeper insights into what students were thinking as they
viewed the animations.
Animation 1
The four embedded prompts used with this animation were meant to help focus students‘
attention and elicit descriptive information. The following summaries explain how each student
responded to these prompts.

Student 1
Student 1 mentioned induced current and voltage when prompted to describe what the
yellow dots and blue loops represented. However, even after prompting, this student was not able
to recognize that the yellow dots changed direction when the number of field lines increased or
decreased. This effect was very apparent in the animation. Prompt 3 forced the student to look
at the induced (blue) field lines and pay attention to the direction the field pointed. He correctly
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explains that ―They (the blue lines) spin either clockwise or counterclockwise depending if
you‘re pushing the magnet towards the ring or loop or away from it and they both spin towards
the center at the same time either clockwise or counterclockwise.‖ However, the student did not
try to relate this to any EMI principle.
A close look at this animation reveals that the magnetic field lines do not always cross the
wire when a current is being generated. This student stated that the field lines had to cross the
plane of the ring to get the yellow dots to move but he did not address the importance of the
change in flux, or the fact that that the field lines do not have to cross the wire to induce a
current.

Student 2
This student was able to provide a good description of how EMI works by watching this
animation. His original think-out-loud protocol was brief and unclear. The prompts seemed to
help him focus and explain his thoughts in more detail, providing a much better description of
his thought process. He was able to distinguish between the two different fields; ―the yellow
dots are the movement of the electrons in the conductor and the blue lines are the conductor‘s
magnetic field as opposed to the magnetic field of the solid magnet here, I suppose‖. He also
noticed that the speed of the magnet was important when generating a larger current; ―the more
red lines that are intersecting with the ring increase the speed of the blue lines, the speed of the
rotation of the blue lines rather or the yellow dots. It increases speed of the yellow dots rather‖.
Furthermore, he deduced that the blue field lines opposed the magnet‘s field when the flux was
increasing. ―The blue loops counter, they go against the direction of the solid magnet. By that I
mean you‘re moving the solid magnet in with the north side to the middle and they‘re pointing
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down towards the north side of the magnet‖. However, he flip-flopped on if the field must move
across the ring to produce an induced current; ―No, they don‘t have to move across the ring
itself. They have to move across. I suppose that if that‘s just the solid metallic green, they
would have to move across the ring itself actually‖.

Student 3
In the first un-prompted viewing of the animation, the student had very little to say.
Yeah, with the right hand rule, I am seeing that… if that‘s the current going…
They are rotating in the same direction. The current is going around the loop in a
counterclockwise direction.
The student provided a more meaningful description of what he was thinking when the prompts
were used. The PI had to interject additional questions for clarity purposes, but the student
provided a good explanation of some of the underlying concepts for EMI, which wasn‘t apparent
in the unprompted interview. It was fairly obvious that the student had some confusion between
field and force. The blue lines in this animation represent magnetic fields, not forces. But when
prompted to explain what the blue lines represented, he replied ―the field force‖ and when asked
to be more specific, he replied ―the force is being created, I think‖.

Student 4
This student also had a problem distinguishing between magnetic fields and magnetic
forces. He described the blue lines as representations of magnetic force, then quickly changed
this to magnetic field, and then changed it back to magnetic force. His reasoning for this change
is that ―a coil by itself wouldn‘t have a magnetic field, so yes magnetic force, the blue lines are
the magnetic force‖. He also mentioned the right hand rule for current flow, which is an accurate
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and proper description of what is occurring in the animation. The right hand rule is used to
determine the direction of the induced magnetic field. For this student to state that a coil by
itself can‘t have a magnetic field indicates that he might not understand the right hand rule.
The pre-prompt response from this student was only one sentence:
Just looks like magnetic fields from the bar magnet and the current changing
directions I think in the wire, I guess.
The prompts were successful in providing a lot more information, allowing the PI to get a better
understanding of where some of this student‘s confusion takes place. His statement,
…depending on the way magnetic field interacts with the current, the magnetic
force changes direction.
shows that he thought that the external field was interacting with the current and was not the
cause for it. It appears that he believes this interaction was what created the magnetic force.
This student spent a good amount of time with the fourth prompt trying to determine if
the field needed to cross the ring to induce a current. He noticed that a current is still induced
when the field lines are through the ring, ―Do these lines have to move across the ring to get the
yellow dots to move? Doesn‘t appear so, up here there is nothing crossing the blue line or the
ring, it‘s all inside but out here it does the same thing‖.

Student 5
This student‘s initial conception of the blue lines representing some type of force was
reiterated here. He states, ―I think the blue loops represent force and the yellow represents
current‖. He also did not recognize that the current direction changes as the bar magnet moves in
different directions. However, he did notice that the blue loops changed direction when the
magnet changed direction. He also noticed that the speed was an important factor in getting the

81

blue loops to spin faster. The fourth prompt did not elicit further investigation from this student
and he could not give a definitive statement about whether the field lines needed to cross the
loop to produce current. The prompts seemed to have a positive effect in getting the student to
discuss his thoughts more. The original pre-prompt response was rushed and unclear, with terms
such as ―magnetic flux charge‖ being used to describe the magnetic field.

Student 6
Prompt 2 elicited a response that was counter to what was expected. The student
correlated the number of red lines to the number of dots shown inside the ring. From the
animation he noticed that the fewest number of yellow dots correlated to the most number of red
lines passing through the ring. This correlation does not properly reflect the concept. The third
prompt did focus the student‘s attention to the motion of the induced magnetic field. However,
this student referred to these lines as forces instead of fields. The final prompt did not get the
student to look closely at the animation; he quickly moved the magnet in and out and did not
investigate the full motion of the magnet to see its effect.

Student 7
When the student was prompted to look at how the yellow dots moved when the red lines
changed, he noticed that ―it [the dots] seems to get faster‖. This animation shows students that
current increases the faster a magnet is moved, although it is unclear that the student was able to
make this correlation. The third prompt also provided additional information about the animation
that the student did not state in his original (pre-prompted) response. When asked ―what general
rule could you make about these blue loops?‖ he replied, ―Depends which direction the currents
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going as you look at it, either go counter, if it heads towards you, it is going counter clockwise
and if it heads away from you, it‘s going clockwise.‖ The final prompt did not appear to
encourage the student to look closely at the animation; he quickly moved the magnet in and out
and did not investigate the full motion of the magnet.

Student 8
This student commented that ―the yellow dots is the induced current and I would say that
the blue lines would be the change in flux lines.‖ He correctly explained that the change in
magnetic field lines created the induced current and even reiterated that this only happens when
there is a change in the amount of magnetic field through the ring. Although this student
explained this concept perfectly, he was not able to state a general rule about the blue loops.
This may indicate that he is unable to correlate the blue induced field lines with the induced
current.
The PI was interested in finding this out and asked the student if he saw a correlation
between the blue loops and the other objects. With this additional verbal prompting, the student
was able to explain that the blue field lines rotation resisted the moving magnet and was opposite
the way the red lines were going. The prompting seemed to help bring out what this student was
thinking while he viewed the animation and provided good information about his conceptual
understanding of the animation.

Student 9
This student made references to a magnetic ring and magnetic charges within the ring.
The confusion between electric and magnetic phenomenon is apparent here. The student also
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stated that the dots ―follow along like whatever direction of the magnetic flow is in that magnetic
ring of charge‖. The erroneous term ―magnetic ring‖ was mentioned by this student multiple
times. He noticed that blue field lines moved opposite the direction of the changing field and that
the charges only moved when there was motion of the magnet. As for the last prompt, the student
did not notice that the field can create a current even when it is not moving across the ring.

Student 10
The prompts seemed to promote detailed descriptions of the animation for this student.
He related the rate at which the field changed to the amount of current produced; included the
concept of ―induced current‖; and noticed that the induced field opposed the change in magnetic
field. He stated that the field lines must pass through the ring to produce a current but did not talk
about if the field lines must cross the wire itself.

Student 11
This student was quick to answer all of the prompts and was very vague in describing
what he was seeing. The prompts did not seem to direct the student to think more reflectively.
There was no additional information provided by this student compared to the pre-prompt
viewing of the animation.

Animation 2
There were three prompts used with this simulation to help focus students‘ attention on
different parts of the animation. The following information explains how each student responded
to these prompts for Animation 2.

84

Student 1
This student understood that the moving spheres were influenced by the direction the
magnet moved, but he was not sure what the orange spheres represented. When asked if he
knew why the field lines changed when the magnet moved, he was unable to provide an answer.
Even after viewing multiple representations of the same event, he was unable to determine that
the orange spheres were simulating electric charge. The third prompt triggered the student to
explain that the field lines were most affected by the faster motion of the magnet through the
ring. He stated, ―the faster you move them, the more dramatic they change, either larger or
smaller, and the more they tend to stick with the ring, I guess. Let‘s say that.‖

Student 2
This student commented on how the current flow is affected by changes in flux for both
the pre-prompt and prompted animation. The idea of morphing field lines was mentioned in his
response to prompt 2 but he did not go into more detail about why he thought this happened. He
explained that the speed of the magnet was related to how fast the ―ring rotates‖.

Student 3
The prompts in the animation helped this student organize his thoughts a little better than
the first time he went through it. The student had a very difficult time with the think-aloud
protocol and was not comfortable expressing himself through this method. The first prompt was
able to get him to focus on the spheres and express his opinion on what he thought the spheres
were representing in the animation. ―They‘re trying to represent the current being sent through.‖
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The second prompt pinned down this student‘s thoughts about the magnetic field lines, although
he was not correct or confident in what he said: ―The lines represent the force. Well, I don‘t
know what to say. The lines represent, let‘s say, force or so‖. It was clear to the PI that this
student did not understand the basic tenets being portrayed in the animation.

Student 4
This student did not have much to say in his pre-prompt interview. A simple one
sentence description was given, ―It just looks how the forces on the ring would act between a bar
magnet again and how would change direction as the forces change.‖
The PI decided to ask a few questions to get a better understanding of this student‘s
responses to the prompts.
Interviewer:

So what do you think the spheres represent in the animation?

Student 4:

Oh, direction of the current changes this.

Interviewer:

Are the spheres physical objects or…?

Student 4:

No, they‘re just showing something within the ring.

The fact that several students did not recognize that the spheres represented charges and that the
motion of the spheres constituted a current was noteworthy. In addition, this student was unable
to connect the flow of the charge with an induced magnetic field.

Student 5
This student had trouble explaining this animation. He was able to figure out that the
magnetic field lines were morphing due to some type of interaction: ―they both have an effect on
each other, so when I move the ring, it changes the magnetic field‖. He also explained that it was
the motion of the magnet through the loop that ―changes the speed of rotation of the orange
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spheres‖. The two explanations were the only things this student could deduce from the
animation after reading the prompts.

Student 6
This student spent a lot of time looking at the animations trying to figure out what was
happening in each stage:
Through the ring, the orange dots move in one direction if I am going to the left,
they rotate in one direction and then as I bring it back to the right, what‘s going
on? That way, they move toward me, this way they move away, but then they‘re
moving away and moving toward me. Sphere is affected by the motion of the
objects, watch how the orange spheres move. How are the spheres affected? I
don‘t see any change in shape in the spheres, just the speed at which they move
and the direction in which they move and it seems as though each orange sphere,
if I move the magnet through quick enough, the magnetic field lines develop
around each little orange sphere, that‘s at the outer most point of the ring.
He took each prompt seriously and seemed fascinated in his responses:
Number 2, what happens to the lines around the objects when they move near
each other? What happens to those lines as they move near each other? They
squeeze together! Depending on, you know, that‘s interesting. If you pause the
magnet right in the center you get the equal. I‘m not sure. It seems as if they can
split off for a brief period of time then they‘ll come back. I‘m not really sure how
to describe it.
When asked if he knew why the shapes of the lines changed, his reply was:
No, not exactly. I guess my concept of why the lines changes because they, I
picture it like, if you were to try in two fluids of separate densities like oil on
water, if you were to squeeze them through some sort of orifice the way they, they
would never actually mesh together but the shape changes in its, I don‘t know it‘s
kind of like that for me.
When asked to explain his analogy in more detail, he said:
I think that the electricity acts like a fluid or something is acting and I think it just
kind of, they take the shape of the ring almost and then they expand back out like
they fill whatever space. I don‘t know how to…
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This student tried to associate the morphing field lines with his experience of moving fluids. It
was an interesting perspective, but he did not come to the realization that the morphing of the
field lines was a result of magnetic interactions between the permanent magnet‘s field and the
field created by the current.

Student 7
The student described what he viewed but did not try to explain what he saw unless
prompted to do so.
Student 7:

What happens to the lines around the objects when they move near
each other? It seems to produce its own lines of flux one, on the
object as the ring moves, the ring doesn‘t move if you don‘t move
the magnet or the ring, the lines of flux don‘t do anything, those
stationary, it doesn‘t do anything, it just, the magnet has all the
lines.

Interviewer:

Can you give me a reason why the lines distort the way they do?

Student 7:

Seems like the dots are producing their own and its interfering with
that (magnetic field).

He also noticed that the speed at which the spheres moved was related to the change in
magnetic field through the ring, but he did not correlate this with the amount of current
that flowed in the ring.

Student 8
Student 8 only gave a one sentence description in the pre-prompt viewing for this
animation. His responses to the prompts were more descriptive but they did not explain anything
in terms of Faraday‘s law or Lenz‘s law. The fact that charges change direction as the motion of
the magnet changes direction is an example of alternating current. This student noticed these
changes but it did not appear that he understood why the changes were taking place. He said:
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Okay. So as you move the magnet or the ring back and forth, watch how the
orange spheres move, okay, based on which way you take the magnet through it,
it will change the direction the way that the orange sphere are spinning, one way
they spin, the one direction if you go back through the other way, they will spin
the other direction. What happens to lines around the objects when they move
near each other? I guess they kind of get distorted within one another, they really
condense when they get close to each other, lines. Vary the speed in which you
move the magnet or ring, what do you notice? Seems like the faster you go
through the faster it spins, let me try moving the ring. Yeah, it appears it spins
faster if you take the ring across the magnet at a faster speed.

Student 9
This student did not verbalize a clear description of what he was viewing. The prompts
seemed to focus his attention to each part of the simulation, but the information the student
provided did not go deeper than a description of the field lines: ―As soon as you get near the, as
soon as you get near the closer to the ring, the magnetic lines sort of , they get like, they decrease
but then when you go right into the ring, magnetic lines pull out and they cover both sides of the
ring and once you go out, the magnetic field lines increase.‖

Student 10
Student 10 accurately described what was happening in the simulation. He explained that
the speed of the spheres depended upon the speed of the magnet but did not correlate this with
the strength of the magnetic field around the magnet. He also was unsure if it was a real effect:
―I don‘t know if this just part of the program, or?‖

Student 11
Student 11 described the motion of the charged particles in terms of the motion of the
magnet.
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The orange spheres move in the direction that as you go across the magnet they
change, so as I am going forward they are spinning, looks like it would be counter
clockwise, and as I move across the south pole, or north pole, it changes
directions on how its spinning.
When asked if he knew why the field lines distorted he stated, ―Possibly because of the current
that is going through the ring at the time, going through these magnetic fields, its causing a
current which is changing these.‖ Prompt 3 asked him to describe what he noticed about the
simulation as he varied the speed of the moving object. He looked at both the animations and the
graphs to try to figure out what was happening. ―The magnetic field also changes greatly and it
shows, or the flux and it spikes as you move quicker, or it‘s a steady graph as you go through,
along with the current, the current also spike up or down, depending on which way you are
moving it through the magnetic field.‖

Animation 3
There were only two prompts used with this animation. These prompts were more open
ended. The first prompt aimed to find out what type of relationships the students noticed within
the animation. The second prompt tried to get their opinion on what they thought was different
about this animation compared to the others that they had viewed. The following information
explains how each student responded to these prompts.

Student 1
By asking this student to expound on the relationships he observed in this animation, the
prompt seemed to elicit a deeper explanation.
So as you move the magnet back and forth, the little compass heads all over the
screen change direction based on the magnet. You also cause the blue dots inside
the rings to move which then create electricity out of the light bulb. The direction
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of the blue dots changes depending on what pole passes through and on one side
of the pole compared to the other they seem to change direction. So they don‘t
really spin in a set motion. They kind of just bounce back and forth or oscillate
directions.
This key idea that an alternating current is produced by an oscillatory motion of a magnet is
important. The student also explained that he liked being able to change certain aspects of the
animation. ―I like to change things and see how it affects it. So I like the differences. Yeah.‖

Student 2
The first prompt asked the student to move the magnet or the ring in the animation. This
yielded information that the student did not know previously. ―Let‘s move the magnet or the
ring. Oh, okay. I see. I didn‘t know I can move that before.‖ He also stated that he thought this
was a better representation of EMI. By playing with the number of coils, the loop area, and the
magnetic field strength, this student saw what effects these quantities have on the induced
current.

Student 3
The second prompt for this animation seemed to lead this student to reflect on the
differences between animations. He liked the fact that current was being represented by the
amount of light given off by the light bulb. However, no new information was provided by the
prompts.

Student 4
The prompts elicited six times more words from this student than when he viewed it
without the prompts. His descriptions of the animation were more detailed, and he explained
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how current was induced in the wire and light bulb: ―the induced current and wires signified by
the blue beads and brown coil change and make voltage which lights up the resister in the light
bulb.‖
By playing around with the loop area and number of turns, the student came to realize
that these quantities affect the amount of light: ―the more loops I have the more area just
showing between 2 and 3 more loop, as you move the bar magnet through and loop area a lot
more light, if I lessen the area, same number of loops, not quite as much light but the faster I
move through the more voltage I create.‖
The student was also able to articulate what the difference was between the different
animations.
This has an object in it that I am more or less familiar with, light, wires. The
magnetic field is indicated a little more clearly with north and south pole of these
little arrow objects. The light bulb itself between the voltage and the meter,
voltage meter and the light bulb rather works better I like how I can change the
number of coils and actually see, wire can change the loop area, makes it very
intuitive shows what‘s going on.

Student 5
The student made reference to being able to see the current and voltage created in this
animation compared to the other animations. The light bulb helped him visualize that current
was flowing through the wire. The open ended prompts did not trigger this student to talk about
the cause and effect concepts presented in the animation.

Student 6
This student noticed that entering or exiting the magnet created the most current in the
bulb. He also mentioned that speed was a factor in generating current. After reading Prompt 2,
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the student recognized that the changing field produced a current. By visually associating the
light bulb with a current, the student made a connection to something he was more familiar with,
instead of just spheres moving within a wire.
Because with this one I am producing electricity, the others, I don‘t know what I
was producing, it kind of has like an application. It‘s clearly much easier to see
what I‘m doing in layman‘s terms if you will, like I can picture what is happening
as I move a magnet through a copper coil I can get light, I can get electricity from
it where as with the other simulations I just know that things are happening but
it‘s not as clear to me. This one is very clear about what I am doing.

Student 7
Prompt 1 did not elicit more information from this student than the first viewing without
the prompts. However, the second prompt did seem to encourage the student to think about what
was different about this animation.
Actually it shows like, well, it shows voltage and how it‘s produced as you move
a magnet through a coil wire instead of just showing current running through a
wire and this actually shows a physical application of it. And there‘s also the
little compass needles to show the directions of the magnetic field, if I move the
magnet around, it dimly lights too, just noticed that.
While explaining his ideas on what was different about this animation, the student played around
with the animation and noticed that the magnet did not have to move through the coil to light the
light bulb. If he moved it around the loop of wire instead of through it, the bulb would also light.
When asked if he thought this was a mistake by the makers of the simulation, the student said no.
―Well, the magnetic field that is generated by the magnet and its wire, it‘s still inducing a current
on the coil‖. He continues, ‗‖I mean, it still generates a current even though it‘s not going
through, it‘s not as efficient as it would be but it‘s still possible‖.
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Student 8
The student only noticed that the light bulb would light when the magnet was moved
through the coil. He did not mention any of the other components. Prompt 2 did seem to
encourage the student to realize that this animation shows how current is produced, but nothing
more. This may be due to the fact that he explained in detail what he thought was happening in
Animation 1 and did not feel like repeating himself here.

Student 9
This student‘s conceptual explanations were insufficient to explain the animation. Other
than noticing how bright the bulb got when he varied the speed of the magnet, this student‘s
explanations lacked depth and coherence. ―Difference is, is that the one was measuring magnetic
field lines, this one, however is measuring voltage or it‘s measuring the polarity. This one is also
measuring how bright a light can be, varying with the speed of the poles, going into the magnetic
ring‖

Student 10
Student 10 did not spend much time on this animation. His previous explanations were
accurate, but he seemed to be in a hurry to get through the rest of the prompts. His comment for
prompt 2 was brief. ―This one involves the loops of coil, where the other ones were just a solid
ring.‖

Student 11
This student spent time looking for relationships in this animation. He noticed that
―when you run the magnet through the current, depending on the loop sizes and loops, it
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produces a current to light the light bulb, if you move it slow it does not make as much current,
but if you move it back and forth it gives you a more steady current, along with a brighter light
for the light bulb‖. This idea of a back and forth motion producing a steady current that lights
the light bulb is important for understanding EMI. He also liked the idea of the light bulb
representing the current in the wire instead of moving charges. ―It gives you a more hands on and
better understanding how the current moves through the loops, along with the magnetic field that
moves through, or how the magnetic field affects the loops as it moves through, and it creates a
current for the light bulb to light up.‖

Animation 4
The fourth animation included three prompts. Since this was the most visually complex
of all the animations, the first prompt attempted to get the students to notice what things in the
animation changed with time. The second prompt was similar to prompt 1 of animation 1in that
it clarifies what students think the spheres in the animations are trying to simulate. The third
prompt was open-ended and was used to get students to give a holistic explanation of what they
thought was being conveyed in the animation.

Student 1
This student was much more descriptive in his explanation of what changed with time in
this animation compared to the first time he watched it.
The very light bright blue lines change as the animation plays, as the ring drops,
the ring and the orange balls inside it also spin as it drops across the screen and
the rest of the blue magnetic field lines change as well as the ring drops along
with two little almost bullet-looking type things on top of the really bright blue
rings and the size of the rings also change and they seem to all bend and try and
stay with the ring as it moves.
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The second prompt revealed that the student did not have a proper conception of electric
charge. ―As the ring falls, the balls move which I think represents either some sort of
torquing spinning motion or an induced current and voltage inside the ring‖. When
prompted to discuss what the yellow dots represented in the first animation, this student
stated the same thing. ―The yellow dots are rotating inside the ring which would be an
induced current and voltage.‖ This student was consistent with his conception of the
spheres / dots being some sort of current and/or voltage. However this student did not
refer to them as charged particles in any of his replies.
The third prompt seemed more effective in getting the student to discuss how the
field lines interacted and how alternating currents are produced.
I think the main idea it‘s trying to convey is just how the blue field lines interact
and change as the ring is dropped and how the orange balls inside the ring change
direction and change speed as it‘s dropped across the screen.

Student 2
In response to the first prompt, the student articulated his ideas about what was changing
in the animation. He does a good job of listing the major components that change and is
consistent in his explanation that the spheres represent electrons.
So, the flux lines change, also the little blue indicators change. Also, of course,
the speed of the electrons in the conductor changes, as it moves more constantly
or jerks more.
The third prompt elicited a short response, but this student realized that magnetic fields
interact with each other as the conducting ring moved relative to the magnet.
This is another one showing how the movement of a conductor interacts with the
flux lines of a given magnet.
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Student 3
This student more clearly explained his conceptions with this animation when prompts
were used. For example, when prompted to describe what was changing in the animation, he
stated:
The field lines around the magnet that is passing through and the current going
through the loop starts to move and then switches back as it leaves away from it.
This observation was more clear and concise than his unprompted one. ―Well, the flux lines are
opposing it from falling completely all the way down by itself or whatever that is. So it‘s
pushing an upward force up. It‘s the force holding that up before it falls all the way.‖
This student also thought the small balls represented current and not charge. He stated this for
both animations one and four.
The third prompt brought out the student‘s overall conception of the animation. ―It‘s just
trying to show how an uncharged object alters the field lines on a magnet when it‘s passes
through it.‖ It was interesting that he stated the ring was uncharged.

Student 4
This student spent a considerable amount of time analyzing the motion of objects after
being prompted to discuss what he saw changing in the animation. He recognized the fact that
the induced current generated it own magnetic field.
Student 4:

Field lines kind of pulse with the ring as it falls. The arrowed
things at the top of the blue lines change. The gold balls in the ring
change direction and rotate as it falls and actually has…

Interviewer:

Do you have any idea about what would cause the field lines to
change as you watch it?
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Student 4:

Another field I think because as this builds up, you can see the
same colored when it gets right here when I first noticed it. There
has its own field created by…

Interviewer:

So what, I‘m sorry, just for clearing it up, what has its own field.

Student 4:

The fallen ring around the ring itself, it‘s like a halo, after it falls
through and the current is moving in it, you can see another
magnetic field.

The third prompt encouraged the student to summarize his thoughts on what the main
animation was trying to convey. He effectively explained how and why the two fields interact
but was not confident in his response.
Fields are affected by and can create other fields and the ring indicates the current
that‘s producing current itself creates another field which affects the original field.
That make any sense?

Student 5
This student had a clear conception that the ring rotated and not the charges. He stated
this in his first unprompted explanation as well as in this one.
The direction of the yellow dots and the ring as it rotates and that changes as it‘s
falling and the flux lines kind of absorb the travel of… they change as the ring is
free falling.
It appears this student was not sure about the differences between current and charge. When
asked to explain what he thought the sphere‘s represented, he stated, ―I would go with current
again or like an, you know, electrical charge‖.
His response to the third prompt showed that he was unable to draw a conclusion about
EMI from this animation, ―I‘m not really, I‘m not too sure, any message.‖

98

Student 6
The first prompt elicited a detailed response about what changed in the animation. This
student used descriptive terms such as ―rubbery‖ and ―stretching effect‖ to describe the field. He
tried to reason through why the ring moved the way it did but didn‘t bring up the concepts
behind EMI. Although he pointed out that the electrons changed direction, he didn‘t connect this
with the induced magnetic field that was produced by the moving charges. This student picked
up on all the important aspects of the animation but was not able to relate them to the principles
behind it.
As I watch the simulation, the entire background of the screen changes, kind of
expands and contracts. The ring the bullets move by bullets I mean the objects on
the highlighted ring magnetic field line. As all when we use the word rubbery, it
seems to have a stretching effect and it moves through as the ring falls over the
magnet, it hits the magnetic field line. It bounces like it‘s caught, falls through
the magnetic field and then leaves not quite the same fashion as it entered. You
think when it exits that would stretch, pull back and then exit but it‘s simply just
exits. But the magnet stays still and everything else is moving. Let me watch one
more time, I want to see the electrons in the ring. The electrons in the ring, that‘s
funny because they move in one direction as it comes toward the magnetic field
when it enters, it they move in the opposite direction and then they return to the
original direction of motion when they entered the field as it exits.

He also understood that the small spheres represented electric charge. But when prompted to
explain the main idea of the animation he was unsure how to express his thoughts.
I‘m not sure what the main idea, I don‘t know if there is a word for it. There
might be, and I think it‘s trying to convey that as a ring enters, not even so much a
ring but as the ring, the electron motion I think is what it‘s trying to convey is that
it switches. I think that‘s the main idea of this animation. Not so much what
happens with the blue lines but more happens with the electrons.

Student 7
This student was able to comprehend that fields distort and interact with each other but
did not relate this effect to the induced current.
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Well the lines coming out through the originally, the lines coming out from this
cylinder object in the middle, they are fixed in the beginning at the start of the
movie and as this ring moves down throughout the animation, it distorts them and
the ring kind of cushions in the very beginning or like half way through I guess,
and it just kind of falls down the rest of the way which distorts the rings around it.
He also understood that the spheres represent electric charge. When asked to explain his
conception of what the animation was conveying, he wasn‘t sure at first. The PI followed up
with some additional questions:
Student 7:

What is the main idea this animation is trying to convey? As you
pass a coil over, it‘s like a I am not really sure, pass the coil over a
magnet its, I think it‘s a magnet, I am not really sure what these
little blue things are though.

Interviewer:

The little blue bullets?

Student 7:

Yeah, I am not quite sure what that is getting at.

Interviewer:

What do you think it‘s trying to convey to the observer in terms of
the physical thing is happening?

Student 7:

The physical thing that is happening, it seems like its like the coil
already has a magnetic field on it but it‘s the magnet in middle
seems to be stopping it somehow but the opposite, well it will be
the same, they will be same as like they both be south poles so it
will stop right there but it still continues to fall after it lofts in the
beginning and it slowly falls down as it gets through the magnetic
field and it goes from south to north.

Interviewer:

Within the magnet or within the loop.

Student 7:

Within the loops here, yeah, within the magnet.

It was interesting that the student stated that the coil already had a magnetic field on it. It is
apparent that he was not able to relate the induced magnetic field with the current that produced
it.

100

Student 8
This student was able to recognize that it was the change in flux that created the current
through the ring. When asked if the current created anything, he was able to explain that the
current created its own magnetic field around it. He also related the spheres to current and not
individual charges. When asked to explain what the video was trying to convey, he explained the
basic process of EMI.
Student 8:

I take it that these are the magnetic field lines as the ring comes
into it, you can kind of see it, they are pushing back and that
change in flux creates the ring that current through the ring.

Interviewer:

Is that current creating anything?

Student 8:

Yeah it creates its own magnetic field right around it, it looks like,
as it comes through there.

Student 8:

Watch the motion of the small balls and the ring as it falls what do
you think they represent? I would think that would be the current,
as you go back and forth you see it change directions

Student 8:

What is the main idea this animation is trying to convey? It is
showing how as the ring is entering the field that it does have it is
getting pushed back as it is falling through this field that‘s what is
creating the current as it is moving through the electric or through
the magnetic field it is creating a current in the ring then when it
gets to the bottom it just falls down due to gravity.

Student 9
This student erroneously thought that the magnetic field changed direction in the
animation, but there was nothing in the animation that showed this directional change. The
student also thought the small spheres represented some type of magnetic charge. When asked to
explain what the video was trying to convey, he was unable to provide a clear explanation.
Probably, when the ring makes its contact with the two magnetic fields, and the
matter of the strength going closer into the magnet determining direction from
there.
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Student 10
When prompted to answer the question about what things changed in the animation, this
student was able to identify the major changes.
Magnetic field lines are distorted, the current is induced, represented by these
orange spheres due to the relationship of position to the magnet. As the ring
passes through the magnetic field line, it distorts them, changing the, what the
word I am looking for, changing how they relate to the individual ring itself.
His answer to prompt 2 was similar to the other student‘s responses in that he described the
orange spheres in the ring as ―the current that is induced due to the magnet‖. He was able to
clearly state how induced currents can produce their own magnetic fields.

Student 11
The computer locked up and this student was unable to respond to the Animation 4 and
Animation 5 prompts.

Animation 5
There were two prompts used with this simulation. The first aimed to get an
understanding of students‘ conceptions of the similarities and differences between this video and
the other animations / simulations. The goal of the second prompt was to get students to explain
what forces they thought were slowing down the falling object. The following narratives explain
how each student responded to the prompts within Animation 5.
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Student 1
This student‘s comments for prompt one focused more on the similarities of the objects
then the process of induction. He stated the obvious differences but didn‘t go into the concepts
that were demonstrated in the video:
Some of the similarities are, it‘s just one fixed object. You can‘t change it and it‘s
just to demonstrate a point. Some of the differences are it‘s a video and not an
animation or simulation. So you can‘t change anything. You‘re just viewing a
picture, viewing an experiment. It‘s all I got.
His response to the second prompt was unexpected and did not relate to anything he had just
viewed.
What I think slows the falling object down is the change in temperature because
the outside ring, the outside object seems to be very cold and that‘s either
shrinking the tube, the objects dropping down or just creating some sort of friction
difference or something within the tube to slow it down.

Student 2
Student 2 recognized that gravity was acting on the object but did not correlate this to the
previous animation where gravity was acting on the ring that moved over a magnet:
We‘re seeing gravity act as opposed to the absolute manipulation of objects in
reference only to each other.
This student also was confused by the cold ring. He rationalized that ―if that is a cold substance
dry ice, then temperature affects it. But if that‘s just a magnet, then the magnetic interaction
would be what slows it.‖ Again, it is important for students to recognize that an induced
magnetic field is produced by the current and that this induced field will oppose the change in
flux. This student evidently didn‘t understand the process that slows the falling magnet down.
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Student 3
This student was able to transfer what he had viewed in previous animations to this one:
Oh, similarities, I think that the thing being dropped is the magnet and the outside
is possibly a coil and it‘s just resisting it like all the other ones but it‘s being
shown physically in this one.
When questioned by the PI to be specific about what slowed down the magnet, he was unsure
how to respond.
Student 3:

The field lines. The force… yeah.

Interviewer:

Could you be more specific about what field lines?

Student 3:

The field lines from the magnet that has being dropped.

Interviewer:

So the field lines from the magnet, they are slowing the magnet
down. But could you explain how you think they‘re slowing the
magnet down?
By sending current through that coil. I don‘t know. I still…
Okay, so the current then, you‘re saying the current is being
created in the coil on the outside of that tube.
Yeah.
And that current then, is that what is causing it to slowdown or is it
the magnet itself causing it to slowdown?
I think that the force, the field lines. I don‘t know.
Okay.
I don‘t know how to explain.

Student 3:
Interviewer:
Student 3:
Interviewer:
Student 3:
Interviewer:
Student 3:

Student 4
Student 4 stated that this was a real video and not a simulation or animation. He was able
to relate to the real objects more than some computer representation of them.
It‘s an actual video. It‘s just something I can imagine, I have actually seen tube
and a magnet can imagine this falling through the tube. I can tell that this is very
cold… and I can imagine a tube and actually doing this, the animation is
something I just had to watch and imagine.
When asked what he thought the disk was, he replied ―I think that‘s a really cold magnet and
that‘s another magnet‖. This insinuates that he did not associate EMI principles with this video.
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However, in the following prompt he mentioned that ―the field created by this big disk has a
magnetic field and it slows that object from falling‖. It was unclear if he thought that the field
was being created by the induced current or was present all the time. The PI followed up with
the following question:
PI: If you say that the field created by that, so is there a field created by that
magnet or is it already present?
Student 4: It‘s already present before that gets there and that magnet just
illustrates what we can‘t see but we can feel them, fight with the magnet, try to
touch them together but it‘s not enough to overcome gravity.

Student 5
Student 5 did not know what he was seeing. Other than noticing it was a real event, he
had nothing more to add.
I really don‘t know what‘s going on. What do you think slows down the falling
object? I would say magnetism, but again not really, not really sure.

Student 6
Student 6 reflected back on his previous description of this video. He also related it to
some of the other simulations he had just watched.
Well, it‘s similar to the video I viewed just before it, although I guess my original
description was, I now believe that the magnet is, or did I say that before that the
magnet is falling and that the ring is now stationary that‘s the opposite of what I
thought before as similar to that video before and the fact that it‘s two of the same
similarly shaped objects and the same occurrence is happening that an object is
falling toward another object and it is acted upon.
Instead of realizing that there was an interaction between the fields, he commented that he was
―not sure which one was acting upon which‖.
Prompt 2 encouraged this student to think about forces involved in the video.
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I think what slows down the falling object is that it gets caught by a magnetic
field like a force, magnetic force acts upon. Not enough to stop it and not greater
than the force gravity upon it but just great enough to give it some sort of
resistance to slow it down for a second.
This was a fair description of what was happening, but the key concept of induced magnetic
fields was not mentioned.

Student 7
This student also correlated the previous animation to this video.
The prompt 4 it seems kind of similar as an object falling and its slowly is passing
through the force that is resisting it.
Although this student appeared to have a good understanding of EMI, when asked to explain his
thinking, he stated
It‘s a magnet passing through a super conductor I guess so that, I am not really
sure what that would do though.
The PI followed up with some additional questions to probe deeper into his conception of this
video.
Interviewer:
Student 7:

Well in terms of this last simulation, what happens when the
magnet fell through the ring? What happens to those dots?
They spun so I can‘t really tell if that‘s spinning or not or anything,
it just slowing down so.

It is apparent that the student did not draw a parallel concept for this video as he did for the
simulations.
His response to prompt 2 didn‘t convey a complete understanding of what was occurring.
Student 7:

It is probably some kind of magnetic field there slowing it down.
It‘s a magnet so it will probably be, the weight of the magnet is
probably overcoming the force that this piece of material here is
generating.

The PI followed up with further questions to get to the core of what he was thinking.
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Interviewer:
Student 7:

Interviewer:
Student 7:
Interviewer:
Student 7:

Is that piece of material a magnet or ring, is that a magnet or is it
just a conductor?
I think it might just be a conductor actually because it might not
because yeah, it probably only be a conductor because the weight I
think a magnet would probably repel it more than a conductor
because a conductor would lose its charge over a period of time
and it wouldn‘t be able to sustain and suspend that piece of
material up in the air.
Can you be more specific how it loses its charge?
Over time if you polarize a piece of material, it will lose its charge,
it‘s like if you had a battery hooked up to a nail.
So it‘s slowing down because of the charge or from the magnetic
field?
I believe it will be the charge of the material.

This additional questioning revealed that this student is referring back to electric fields and
forces due to static charge.

Student 8
This student correctly deduced that it was a magnet that was falling inside the tube and
related this to the ring that fell in Animation 4.
I guess this the magnet, I take it is a magnet inside that fell it‘s kind of just like
what that ring was doing whether it was the outside of the magnet this is just the
inside or vice versa as it falls it kind of slows as it gets right here as it is
encountering that forces against it but then from gravity when it gets past it, it
goes right through as soon as it breaks that magnetic field.
He also made the correct assumption that the force slowing down the magnet was from the
magnetic field but he was not specific about how the field was created or which object was
creating it.
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Student 9
This student realized that it was a magnet falling in the glass tube. He tried to relate this
to the concept of flux but did not have a clear conception of why the magnet was slowing down.
what could be different is like a magnet is going through a glass tube and the
magnet is being held because I think, magnetic flux is somehow holding this up
momentarily
When asked to explain what phenomenon (or thing) slowed the magnet down, the student
mentioned Faraday‘s law and Lenz‘s law. The PI had trouble deciphering what he was trying to
say.
I know there are two laws I know, Faraday‘s law is basically magnetic flux and as
like, generally speaking, the longer the time takes, generally the bigger the
magnetic flux and like the bigger the area but that‘s not the case, there‘s
something counter-balancing it and probably, may be, possibly, could be like
Lenz‘s law which something, possible offset and may be slow down the counter
balance of the magnet.
The PI probed further, asking the student to expand on what he thought that ―something‖ was in
Lenz‘s law that could counter-balance the magnet. The student responded, ―Maybe possible
magnetic gravity‖.

Student 10
This student has conceptions that are in line with EMI principles. He recognized that a
magnetic field was being created by the super cooled piece of metal and that this field acted back
on the object that was falling. He confused the falling object with a piece of steel instead of a
permanent magnet.
What do you think slows down the falling object? It‘s the magnetic field created
by this super cooled piece of steel that is temporarily magnetized, creating this
magnetic field that holds this piece of steel momentarily in the air, over, I guess,
defying the effects of gravity.
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Student 11
The computer locked up and this student was unable to respond to the prompts in this
animation.
Post-Interview Survey Results
The first post-interview survey question asked the students to write down what they felt
was the hardest thing to learn about Faraday‘s law of induction. Four of the students listed the
induced current as the most difficult to understand; two students didn‘t think anything was
difficult, one student thought the interaction between the two magnetic fields was the hardest,
and one student stated that the interaction between the magnetic field and electric charges was
the most difficult (see Table 10).
Table 10. Student responses to the post-interview question ―What was the hardest thing for you
to understand about Faraday‘s law of induction?‖
Student

Comment

1

It wasn‘t that hard to understand.

2

Direction of currents.

4

Not much.

5

Direction of current flow.

6
7

The relationship on an atomic level, between magnetic fields and electrons. What is
going on to produce the phenomena I can calculate?
Flux when it comes to determining the direction of the current.

8

Determining the direction of induced current.

9

The material presented.

10

Just trying to picture how the magnetic field lines acted.

11

How current is produced from a magnetic field.
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An overwhelming majority of the students listed Animation 3 as their choice for being the most
effective at helping them visualize and understand EMI. Only one student was not part of this
majority. Student 10 liked the video in Animation 5 because it was a real event and not a
simulation. Table 11 lists the animation that each student chose as the most effective in helping
them to understand EMI and includes a brief explanation of why they picked that animation.
Table 11. Student responses to the post interview question ―Of all the videos, animations, and
interactive simulations you looked at, which one stands out in your mind as being the most
effective in helping you understand this natural phenomenon?‖
Student

Comment

1

Animation 3 because it showed the current actually being used for something.

2

#3

3

3 – shows examples with light bulbs.

4

3 – you can see the number of loops change and the field lines change

5
6

Animations 2 or 3 current flow was easy to see. In #2 the magnetic field lines were
showed well.
4 for theory and 3 for application.

7

#3 Actual application in a simulation.

8
9

Animation 3 it was easy to see what the affects of the magnet passing through the
loops.
3rd one because it showed when the pole through the loop, the light bulb lights.

10

5 – Just that it was a video and not a simulation.

11

Animation 3 because you can see how the current affects use in everyday life.

Four of the students felt that the video in Animation 5 was the least effective in helping
them to understand EMI. Three students chose Animation 1; two students picked Animation 4;
and two students picked Animation 2 as the least effective. Table 12 lists the animation that each
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student chose as the least effective in helping them understand EMI with some explanations as to
why they chose that particular animation.
Table 12. Student responses to the post interview question ―Of all the videos, animations, and
interactive simulations you looked at, which one stands out in your mind as being the least
effective in helping you understand this natural phenomenon?‖
Student

Comment

1

5 – Had no idea what it was.

2

5

3

Animation 2, magnet was too small and there was too much going on.

4

#1 – It just illustrates magnetic field lines.

5

Animation 5 but only because it was difficult to see what was occurring.

6

Animation #1

7

#4 – Had no idea what was going on.

8

Animation 2 – it was hard to understand.

9

5th one, because it was not generally the clearest to get.

10

Animation 1 – not as much visual signs as to what was going on.

11

Animation 4 because it was hard to at first to understand and there is not much
interaction.

Question 4 in the post-survey asked students to comment on the effectiveness of
computer-based technology tools in helping them understand EMI. Table 13 is a summary of
their written responses.
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Table 13. Student responses to the post interview question ―What is your opinion on the
effectiveness of computer-based technology tools (i.e. videos, animations, and interactive
simulations) to aid in the understanding of electromagnetic induction?‖
Student

Comment

1

Yes. It did help me. I think as being a hands-on learner, that it lets you see and play
with the processes.

2

Computer based learning is the future, embrace it.

4

I think they help greatly. You can deliberately change and see things that are
usually explained mathematically or quantitatively.

5

It is nice to see what is happening but practice problems are easier.

6

It is visually helpful, but why not label the video components? It is hard to read a
map with no key!

7

If you can interact with it and change variables the more effective it is.

8

The computer based technology helps to visualize but the concept still needs
professor instruction.

9

It is a hit and miss type effect. Either you get it or you don‘t.

10

All of the prompts helped to illustrate electromagnetic induction. I would say that
they should be used as a teaching aid to help students picture in their minds what is
happening in regards to electromagnetism.

11

It gives a better understanding than just a 2D view on a board.

Eight of the students wrote that they felt computer-based simulations and animations were
effective in helping them understand electromagnetic induction. However, this case study did
not try to validate if the students really did gain a better understanding of EMI by watching the
animations. Instead, the study looked at how the students analyzed the visual displays and what
their conceptions were of the animations.
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Question 5 asked the students to write a summary of the main ideas about EMI in order
of their importance. Table 14 is a summary of their responses.
Table 14. Student responses to the post interview question ―Summarize in a few sentences the
main ideas of electromagnetic induction in order of their importance.‖
Student

Comment

1

Changing area, magnetic field, or changing angle produces electricity.

2

As a change in flux is seen in a closed loop, a current is induced. The change in
flux could result from a change in magnetic field, area, angle, or any of the above.

4

A magnetic field strength and direction (vector), number of loops and orientation in
space. Area of loops. Resistance or Current.

7

A changing magnetic field can induce a current onto a wire.

8

A change in flux can cause an induced current in a loop. The movement of a loop
through a magnetic field can cause an induced current.

9

In order of importance in my mind: [Most important] Animation 2, Animation 3,
Animation 1, Animation 4, Animation 5[Least important]

10

Current is induced when wither the magnetic field is changed or the area that is
effected by the magnetic field is changed.

Two of the students gave a basic definition that included ideas that were not presented in the
animations (i.e. angle dependence on the induced current). Of the seven students that answered
this question on the survey, five of them wrote valid explanations about the process of EMI.
Question 6 asked the students to give their opinion on how important an understanding of
EMI is for their major program of study and to discuss how it influenced them in their daily
lives. Eight of the students thought it was very important for their major field of study and three
did not feel it was important at all for their major. It is understandable that the Civil Engineering
Technology students would state that the topic of EMI is not important for their major program
of study, while the three Electronics and Computer Engineering Technology students rated this
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as being very important. However, seven students commented that it had a big impact on their
daily lives. They explained that it was important to understand how power is supplied to
buildings and to recognize potential power sources for other applications, such as alternative
energy. A few stated that it explained the source of all our electricity.
There were two additional written comments at the end of the survey. One stated ―Well
done, and interesting topic‖; the other ―I guess it would be better if there was a physical model
set that I could set up and then have the computer run a simulation based on the set-up.‖

Pre/Post Quiz Results
The focus of this study was not to look at cognitive gains in student understanding of EMI. The
pre-quiz was administered to provide the PI with some information on the students‘ prior
knowledge of magnetic fields and electromagnetic induction. The post-quiz contained the same
questions as the pre-quiz and was included with the post-survey. This data was collected in
order to see how students performed on the quiz after viewing the animations and receiving
formal instruction on the topic of EMI. These results were collected because the PI was curious
to find out how the students would do on the quiz and not for analysis purposes. Figure 18
compares each students pre and post quiz results.
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Figure 18. Comparison of pre and post quiz results for each student.
Summary
The question prompts seemed to direct student‘s attention to key elements within each
animation. Some of the prompts were used to guide students‘ thinking so they would provide
specific information about individual representations. The prompts may have also provided
subtle hints to the students about important components within the animation. The think-out-loud
protocol was utilized so students could articulate their thoughts and offer evidence that reflection
prompts can be used to help researchers understand students‘ metacognition. The prompts were
meant to encourage the students to cogitate on what they viewed in the animations and to explain
their thoughts in a deeper, more meaningful way.
As discussed earlier in this chapter, several of the responses to prompts were not what the
PI expected to find. In addition, a few students held views that were counter-intuitive to what
the animations were trying to show. There were also responses that provided unique
perspectives on how students perceived an animation. The best way to obtain a better
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understanding of how each student interprets visual signals is by performing an empirical
investigation.
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Chapter 5
General Discussion and Conclusion
Chapter 4 described in detail the class‘s conceptions of the animations and discussed the
difficulties students encountered in their analysis of the visual representations. This chapter will
summarize and analyze this data, as well as correlate the findings to the research questions.
Overview of Research Purpose
This study was an empirical investigation involving a class of eleven male students in a
second semester physics course at a technical college in north-central Pennsylvania. It was both
an intrinsic and an exploratory case study that provided a glimpse into students‘ thoughts and
actions, revealing some of the difficulties students have in generating accurate descriptions of the
events shown within five EMI animations. A collection of unprompted think-out-loud
interviews was used to evaluate the class‘s underlying conceptions about each animation. The
data from the interviews provided the information required to investigate the following research
question:
What are students‘ initial conceptions of induction while viewing a series of videos,
animations, and interactive simulations?
Another objective of this case study was to examine students‘ conceptions of the same
five animations when embedded reflection prompts were added. These prompts were used to
focus students‘ attention on some of the critical attributes and dynamic interactions that occur
within each visual representation. By asking questions that amplify relationships on the screen, a
novice learner may be able to recognize the importance of looking for specific visual
representations (Gordin & Pea, 1995). The results of the think-out-loud interviews for the
prompted animations provided deeper insight into students‘ understanding of the visual concepts
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presented within the animations. The comments from the transcripts provided data for the
following research question:
Can embedded reflection prompts improve the learners‘ ability to identify and understand
critical attributes of EMI?
Written pre and post surveys / quizzes were given to the students to provide information
on their pre/post knowledge of this topic, and to obtain their opinions about the usefulness of
EMI in their major field of study and in their daily lives. The collection of data from the quizzes,
surveys, and think-out-loud protocols was used to explore students‘ perceptions of EMI and to
analyze the following question:
How are students‘ perceptions of induction affected by viewing videos, animations, and
interactive simulations?
The results proved to be enlightening. Each student in the class provided unique
viewpoints that became pixels in the picture of how this particular class understood EMI.
Although this image initially appeared blurry to the PI, it became clearer as additional
information was collected and analyzed. There were certain misconceptions that the PI
anticipated, but there was also an emergence of interesting and unexpected student conceptions
and perspectives.
Analysis of the Data
Students’ Prior Knowledge of EMI
The findings from the pre-interview survey, pre-quiz, and the first set of un-prompted
animations revealed that the class‘s conceptions of the EMI animations were lacking clarity and
were often incorrect. Only two of the eleven students had some legitimate knowledge of this
phenomenon prior to instruction. The pre-interview survey showed that nine of the students had
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a superficial understanding of how electrical currents can be generated by magnets, and only one
student could correctly explain how magnetic fields can be generated by moving charges.
The phenomenon of EMI is often surprising to students the first time they see it. In a
dissertation study by Allen (2001), it was found that over half the students surveyed at the
beginning of a course were not aware that the phenomenon of induction exists in nature. More
than half of the students in her study thought that you needed ―something like a battery‖ to light
a light bulb (Allen, 2001). Ten out of the eleven students in this study correctly answered
question 9d on the pre-quiz, which asked if they thought a magnet could light a light bulb if it
moved back and forth inside a loop of wire connected to the bulb (see Figure 19).

Figure 19. Question 9d on pre-quiz showing a magnet moving through a loop of wire connected
to a light bulb.

The one student that got this question wrong thought that a stationary magnet connected to the
light bulb would light the bulb since ―it completed a circuit‖ (see Figure 20). One other student
was unsure if the configuration in Figure 20 would work, so he stated ―not sure, think No‖.
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Figure 20. Question 9c on pre-quiz showing a light bulb wired to a stationary magnet.
In comparison, the same questions were asked to 144 students in Allen‘s (2001) study.
About one-third of the students stated that a magnet moving through a coil could not light a bulb,
and 38% thought that a stationary magnet would act like a battery and light the bulb. Although
this case study is not trying to make generalizations about student conceptions or preconceptions, it is interesting to see how students from another study answered the same
questions.

Analysis of Students’ Responses to Unprompted Animations
Each animation chosen for this study shows the most basic components needed to
demonstrate induction, a simple ring and a permanent magnet. The first four animations also
included visual representations of the magnetic field lines and the electric charge within the
conductor. In physics, it is important that the terminology used in describing events be clear and
unambiguous. In addition, it is essential that students are able to recognize distinct quantities and
relate them to established rules and principles. The class seemed to struggle, however, with a
number of the terms and concepts that were presented in this study. Even the students that
properly defined the quantities in the animations often struggled with how to interpret them
correctly. One reason the students may have had difficulty interpreting the animations is that
they lacked familiarity with the way in which the quantities were being represented.
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The unprompted interviews provided evidence that the class had difficulty defining,
distinguishing, and interpreting the basic components and concepts presented in the animations.
For example, students who mentioned the term ―flux‖ usually confused it with the magnetic
field. They also interchanged terms such as electric field and magnetic field. The term electric
field was used in place of magnetic field by six of the students during the initial viewing of the
animations. This interplay of terms shows that some students may have been trying to conjure
up established knowledge in order to make associations between new information and familiar
representations. In addition, the think-out-loud interviews showed that there was confusion
between the concepts of ―field‖ and ―force‖. There is an important and distinct difference
between these two terms, i.e. fields can exist in nature without exerting a force on something.
The majority of the class used these terms interchangeably or erroneously when describing them.
The class also had problems distinguishing between ―electric charge‖ and ―electric
current‖ inside a ring. Students who recognized that the small spheres, balls, or dots represented
electric charge thought that the simulated objects were negatively charged electrons, not the
conventional positive charge used in physics nomenclature. A perception that emerged several
times, in multiple animations, by different students was that the actual ring was spinning or
rotating when the magnet moved near it. The animation was actually trying to show that the
charges within the ring were moving, not the ring itself. This perspective was unexpected. After
several students stated this viewpoint, it was apparent to the PI that it was a valid perception,
albeit an incorrect one. A second unanticipated conception surfaced when a student commented
that the number of field lines passing through a ring was proportional to the amount of charge in
the ring. This perception was one that could be drawn from what was being shown in the
animation, but it is not an accurate correlation.
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Students‘ explanations often tended to be fragmented. As shown and discussed in
Chapter 4, the participants occasionally uttered incoherent or disjointed pieces of information. In
one instance, a student ignored evidence shown in the animation. When prompted to explain
what things changed in Animation 4, the student stated that the direction of the magnetic field
changed. However, there was nothing in the animation that indicated a change in direction of the
field. When asked to be more specific about how he could tell that the field changed directions,
he replied,
Going in, when this gets closer, direction is going more toward clockwise on this
end and counter clockwise but then when you start to pull away from the magnet
here, the directions are opposite once you start to pull away but then when it
completely pulls away, it goes back to this, it goes back to the same direction as it
started with pulling up on top.
This statement is unclear. This student most likely was confusing the direction of the current
flow with that of the magnetic field.
The most crucial concept from Faraday‘s law of induction is that a changing magnetic
flux through a closed conductor will generate a current inside the conductor. Only a few
students mentioned this process when viewing the unprompted animations. This principle had
been the topic of several lectures just prior to the interview sessions. The professor of the class
had discussed the concepts, terms, and mathematical representations of this phenomenon during
these classes.
Several students described the induced current as being related to the flux lines, but they
did not mention ―change in‖ flux. Other students related the static number of field lines passing
through the ring to the amount of current produced, instead of describing how ―changes in‖ flux
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through the loop generate the induced currents. The fact that students have difficulty
understanding that a ―changing magnetic flux‖ is needed to induce a current was also found in
Allen‘s (2001) study. What may make this phenomenon even harder for the students to describe
is that induced currents also create magnetic fields of their own. Even after instruction, some
students were unaware that moving charges (currents) can produce magnetic fields. In fact, the
majority of the class did not explicitly state that moving charges are the cause for the induced
magnetic fields, even though it is shown in three of the five animations.
It was not too surprising that the class had difficulty evaluating simulations in which
many entities change with time. Educational research, along with the PI‘s past experiences, has
shown that concepts involving derivatives with respect to time create confusion for beginning
physics students (Allen, 2001). The dynamic computer simulations are meant to help students
visualize how quantities change with time and show them the types of interactions that take place
during this change. Students commented that they found this type of representation helpful for
their understanding of EMI because it made it ―very intuitive‖. But this sense of intuitiveness
does not necessarily result in a better conceptual understanding of EMI. Zacharia and Anderson
(2003) point out that a learner will construct a scientific conception when they question their
own beliefs and conceptions and then try to develop a better cognitive model built on this
perspective. If the animation supports a conception that is incorrect, it may strengthen that
misconception.
Since most of the unprompted interviews were short and did not address various concepts
displayed in the animations, reflection prompts were used to get students to think more deeply
about what they were viewing. The intention of the second research question was to find out if
the embedded reflection prompts could elicit deeper self-explanations, and if so, how did these
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explanations affect students‘ descriptions of EMI animations. The following sections will
analyze the responses for each of the prompts to ascertain answers to this question.
Analysis of Students’ Responses to Prompted Animations
Through the use of multiple representations and embedded prompts, this portion of the
study investigated the way students in the class perceived, defined, and connected the variables
that create induced currents. There were considerable discrepancies between the PI‘s notions
about what students were thinking and what the students were actually thinking. However, it is
not uncommon to find inconsistencies between assumptions about what a researcher expects a
student to do and what the student actually does (Land, 2000).
Animation 1 – Prompt 1
As you move the magnet up and down, what do you think the yellow dots and
blue loops represent in the animation?

This prompt was effective in getting two of the students to focus on what they thought the yellow
dots and blue loops represented. The other nine students made some type of reference about
these quantities when they were not prompted to do so. Table 15 indicates which students made
references to these representations for the unprompted and prompted animations. The X indicates
that the student did not mention either of these objects or describe them in their proper context, a
– indicates that the student made a valid reference to one of these representations and a 
signifies that the student made a proper reference to each of the representations. The PI accepted
electrons, charges, or current as valid representations for the yellow dots and magnetic fields for
the blue loops. The comments explain some of their responses.
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Table 15. Comparison of students that made reference to electric charge and magnetic fields
when viewing Animation 1.
Student

No prompt

Prompt

Comments
When prompted to define the blue lines, this student stated
that the blue lines could be either electric or magnetic fields
in the prompt.
This student did not mention either representation in the first
viewing. When prompted, he stated that the yellow dots
were electrons.

1

--



2

X

--

3

--

--

Refers to the lines as force

4

--

--

Refers to the blue lines as the right hand rule.

5

--

--

Consistent in his statement that the dots represented current
and the lines were force.

6





Correct in both explanations

7





Correct in both explanations

8

--

--

Consistent in his statement that the dots represented current
and the lines were flux.

9

--

--

Referred to the blue lines as magnetic field and flow and the
dots as magnetic charge.

10





Correct in both explanations

11





Consistent in his statement that the dots represented current
and the lines were the magnetic field.

Although the prompts did get the first two students to focus on the moving charges and induced
fields, it did not stimulate the other nine students to go into more detail or change their
responses. Only Student 1 added that the blue lines might be magnetic fields instead of electric
fields when answering the prompt.
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Animation 1 – Prompt 2
As the number of red lines changes through the ring, what happens to the yellow
dots?
The aim of this prompt was to draw out students‘ conceptions about motion for the charged
particles in the ring as the magnet was moved. The correlation between the two motions is an
important conception for EMI. Alternating current is produced as the magnet is moved back and
forth. Table 16 summarizes which students noticed that the current direction was directly related
to the change in the magnetic field through the ring. A  signifies that the student noticed this
correlation and the X indicates that the student did not mention the change in directional flow of
the charge. The comments explain some of their responses.

126

Table 16. Comparison of students that correlated the movement of the magnet with the
movement of the charges when viewing Animation 1.
Student
1

No prompt

Prompts

Comments

X

X

Noticed that the speed changed only.

2

X

X

Noticed speed of the dots and blue loops is related to the
change in the field lines but does not mention change in
direction of the current.

3

X



The prompt is successful in making him notice the change in
direction (with additional prompt from PI)

4





Noticed directional change for both cases.

5





Noticed directional change for both cases.

6



X

This student did not mention the directional change during
the prompt session, but relates the number of dots to the
number of field lines

7

X

X

Noticed induced current but not the direction of the current.

8

X

X

Noticed induced current but not the direction of the current.
Also noticed the speed changes with movement of magnet.

9





The prompts were more descriptive but he noticed the
directional change in both cases.

10

X

X

Noticed more current and speed but did not mention change
in direction.

11

X

X

Noticed speed of the dots is related to the change in the field
lines but does not mention change in direction of the current.

Prompt 2 seemed to encourage only one student to mention that the current direction changes as
the magnet is moved in and out of the ring. Several students noticed that the speed of the
moving charges varied as the speed of the magnet moved. This is an important concept, but the
majority of the students did not provide a more detailed analysis about the motion of the charges
when responding to this prompt than without the prompt.
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Animation 1 – Prompt 3
Pay close attention to the blue loops that form when you move the magnet. What
general rule could you make about these blue loops?
The aim of this prompt was to focus students‘ attention on the creation and motion for the blue
loops shown in the animation. The loops represent the induced magnetic field lines created by
the current. The prompt asked the students to make a general rule about what they noticed about
the loops as they moved the magnet. The correlation between the motion of the magnet and the
circulating magnetic fields is an important conception for EMI. This leads to a general rule
known as Lenz‘s law. Table 17 lists the students that mentioned the directional dependence of
the field relative to the motion of the magnet for each viewing of the animation. A  signifies
that the student noticed this correlation and the X indicates that the student did not make any
reference to the induced field relative to the change in flux. The comments explain some of their
responses.
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Table 17. Comparison of students that made reference to the directional dependence of the field
relative to the motion of the magnet when viewing Animation 1.
Student

No prompt

Prompt

1

X



Comments
This student noticed the clockwise (CW) and counterclockwise (CCW) motion of the magnetic field relative to
the back and forth motion of the magnet when prompted.

2

X



Noticed that the blue loops moved against direction of solid
magnet

3

X



4

X



5





Noticed directional change of both magnetic field and
current but refers to magnetic field as force.

6

X



Commented on how the blue loops move opposite direction
of the magnet. Made a general rule that there are equal
forces being represented.

7

X



Noticed directional change of both magnetic field and
current

8

X



Mentions that the blue loops rotate, ―resisting‖ opposite the
way the red lines are going.

9

X



Noted that the blue loops pull opposite the magnetic field.

10

X



Commented that the blue loops move in opposite direction
that the magnet moves.

11

X



He states that the direction the magnet moves is the way the
field is turning (not opposite the change in flux).

This student mentions the right hand rule and notices the
CW and CCW motion of the loops when the magnetic field
moves up and down.
He mentions that the magnetic field interacts with the
current. Confused the blue loops as magnetic forces instead
of fields, but noticed that they changed direction depending
on the motion of the magnet.

Only one student made a reference to the motion of the blue field lines before being prompted to
come up with a general rule about what they observed. After further reflection of this animation,
many of the students in the class referred to the loops as some type of force. The main concept
demonstrated with the blue field lines was that the loops always point opposite to the change in
flux through the loop. No one stated this rule directly but about half the class did comment that
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the loops always move opposite the direction of the field. This is a common misconception from
students.
Animation 1 – Prompt 4
Notice how the red lines pass through the ring. Do these lines have to move
across the ring to get the yellow dots to move?
One subtle point in the animation is that the magnetic field lines do not have to move across the
conductor in order to generate a current. This was shown in the animation but it could only be
seen if the student happened to push the magnet all the way to the top of the animation. It
reiterates the fact that it is the change in flux that creates the induced current. Table 18
summarizes the results of student responses to this question prompt. A  signifies that the
student noticed this effect and the X indicates that the student could not make this distinction.
The comments explain some of their responses.
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Table 18. Comparison of students that noticed the magnetic field lines do not have to move
across the conductor in order to generate a current when viewing Animation 1.
Student

No prompt

Prompt

Comments

1

X

X

None

2

X

X

None

3

X



This student states that ―they don‘t have to cross; they just
have to be moving through at anytime‖.

4

X



This student takes notice that there is an induced current
when the magnetic field lines are not crossing the ring.

5

X



This student was not sure in his answer. He thought so but
states ―they don‘t have to pass I guess directly through the
ring but then moving through the ring does affect the yellow
dots.‖

6

X

X

None

7

X

X

None

8

X



This student was not sure in his answer. He thought so but
states ―the actual lines don‘t have to move across but the
movement of the magnet will create the yellow dots with
current. These don‘t have to necessarily cross the ring
though. It‘s just the movement of the magnet.‖

9

X

X

None

10

X

X

None

11

X

X

None

The prompt did get some of the students to look at the animation more closely, but only four of
the students picked up on the fact that the field lines do not have to cross the ring to generate a
current. Students who lack domain knowledge may be more likely to lack the perceptual
precision that is necessary for distinguishing patterns and interactions (Land, 2000).
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Animation 2 – Prompt 1

As you move the magnet, or ring, back and forth, watch how the orange spheres
move. How are the spheres affected by the motion of these objects? Be specific
as possible.
The prompt asked the students to explain how the charged spheres were affected by the motion
of the ring or magnet. The aim of this prompt was to draw out students‘ conceptions about
motion for the particles in the ring as the magnet was moved, similar to Prompt 2 of the first
animation. Table 19 summarizes which students noticed that the current direction was directly
related to the change in the magnetic field through the ring. A  signifies that the student
noticed this correlation and the X indicates that the student did not mention the change in
directional flow of the charge. The comments explain some of their responses.
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Table 19. Comparison of students‘ explanations of how the charged spheres were affected by the
motion of the ring or magnet when viewing Animation 2.
Student

No prompt

Prompt

Comments
Understood that the moving spheres were influenced by the
direction the magnet moved but was not specific on how.
Mentioned that the ring rotated.
Mentioned that the ring rotated. Prompted comment
mentions change in current direction with change in
direction of the magnet.
Prompt got him to focus on the spheres and express his
opinion on what he thought the spheres were representing in
the animation. Did not mention current changing directions

1

X



2

X



3

X



4

X



5





6

X



7

X



Describes back and forth motion as a function of the
magnets motion.

8

X



This student noticed changes in direction but he did not
understand why the changes were taking place.

9

X

X

The information the student provided did not go deeper than
a description of the field lines

10

X

X

Noticed speed changes but not direction

11





He made reference to the speed and direction of the spheres
for both viewings of this animation.

Noticed direction of current changes but not clear in
explaining why this occurs.
Mentions speed of spheres in un-prompted interview only.
Prompt links magnets motion to speed and rotational
direction
Looked for patterns and relationships. Described motion and
directions of spheres. Also stated, ―I don‘t see any changes
in shape in the spheres, just the speed at which they move
and the direction‖.

The results show that nine students made some reference to the change in direction of motion of
the spheres (charges) when prompted to explain how the spheres are affected by the motion of
the magnet. Only four students made this connection with prompt 2 in animation 1 when asked
to explain what happened to the yellow dots (charge) as the field moved in and out of the ring.
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Four students confused the movement of the spheres as a rotation of the entire ring with this
animation. This was an interesting conception that the PI did not expect.
Animation 2 – Prompt 2

What happens to the lines around the objects when they move near each other?

Prompt 2 endeavored to get students to notice the influence the induced field has on the
permanent magnet‘s magnetic field and draw out students‘ conceptions about why this might
occur. Table 20 provides a comparison of the responses to this question prompt. A  signifies
that the student made reference to the distorted field and the X indicates that the student did not
mention anything about the changing of the field lines as the magnet or ring were moved. The
comments explain some of their responses.
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Table 20. Comparison of students who noticed the influence of the induced magnetic field on the
permanent magnet‘s field when viewing Animation 2.
Student

No prompt

Prompt

Comments
No mention of morphing lines until prompted. He
comments on the skewing and changing of the field but
when asked why this happen, he did not know.
He mentions morphing lines during both viewings of the
animation but he did not go into more detail about why he
thought this happened.

1

X



2





3

X

X

Thought the field lines were representing forces.

4

X



He notices that the lines are affected by the ring and each
other.

5

X



Commented on how the lines shape toward each other and
that when he moved the ring he noticed the magnetic field
changed due to the effect on each other.

6





Noticed that lines squeezed together and some split off from
each other. Wasn‘t sure how to describe it.

7

X



Stated that the field seems to produce its own lines of flux
when answering the prompt question.

8

X



Stated the lines condense when they get close to each other.

9





Commented on the flux and field changes for both viewings
of this animation.

10





Noticed that the field distorted in both cases.

11





Stated that the field disorients until the ring goes through the
magnet.

Slightly more than half the class did not make a reference to the distorting fields until they were
prompted to address this phenomenon. There were several interesting descriptors for the
changing of the magnetic field (i.e. ―they shape toward each other‖; ―squeezing together‖ and
―splitting off‖; ―condenses‖; and ―disorients‖). Only one student explains that the ring ―seems to
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produce its own lines of flux‖. Again, this conception is important in that the animation is
showing how the induced current produces a field that affects the field of the bar magnet.
The prompts may have had some impact on how students viewed the animation by luring their
attention to the morphing field lines as the ring or magnet moved. However, most of the students
focused only on the surface features of this animation and did not recognize many of the patterns
shown by the fields and the moving charges.
Animation 2 – Prompt 3

Vary the speed at which you move the magnet or ring. What do you notice?

As mentioned in chapter 3, the main purpose of prompt 3 is to focus students attention on the
relationship between the rate at which the magnet moves and the rate at which the charges move.
Another important concept the students should have noticed was that the direction of the induced
current was dependent on if the flux through the ring was increasing or decreasing. Table 21
shows a comparison of student responses for this question prompt. A  signifies that the student
made reference to the speed or direction of the moving charges and the X indicates that the
student did not mention these quantities. The comments explain some of their responses.
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Table 21. Comparison of students‘ explanations on the relationship between the speed of the
magnet and the speed of the moving charges when viewing Animation 2.
Student

No prompt

Prompt

Comments
Relates the speed to how many magnetic field lines from the
magnet change. He doesn‘t relate the speed of the magnet to
the amount of current or direction the current flows.

1

X

X

2

X



Noticed that the ―ring moved‖ faster as the magnet moved
faster.

3

X



States that ―charge‖ moves faster as magnet moves faster.

4

X



Noticed that the ―ring moved‖ faster as the magnet moved
faster.

5





Noticed current and flux on graphs increased the faster he
moved the magnet.

6

X



Did not mention speed or direction until prompted.

7

X



Stated that the ring spins faster the faster you move it or the
magnet

8

X



Stated that the ring spins faster the faster you move it or the
magnet

9





Notices the changes in direction of the spheres but not the
speed. Relates speed of magnet to motion of charge.

10





Relates speed of magnet to speed of the charges and notes
they are directly related. Wasn‘t sure it was part of the
program.

11

X



Relates speed of magnet to rate the flux and current changes.

More than half the class did not make a reference to the rate at which the charges moved when
moving the magnet until they were prompted to address this phenomenon. The prompts may
have had some impact on how students viewed the animation by drawing their attention to the
speed of the moving charges. However, very few thought to mention the direction the spheres
moved as the magnet moved.
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Animation 3 – Prompts 1and 2
The goals for the previous prompts were to have students make more keen observations
on specific objects in order to get a better understanding of what their conceptions were of the
animation. The prompts used with this animation were more open-ended than the prompts used
in the first two animations.

Prompt 1: As you move the magnet (or ring) back and forth, what relationships
do you observe? Be specific as possible.
Prompt 2: What is different about this simulation compared to the others you
have viewed?
The first prompt for Animation 3 was meant to elicit the students‘ thoughts on relationships they
observed between the various quantities shown in the simulation. Each student was able to
manipulate the website by changing certain quantities (i.e. number of loops, area of the loops,
field strength, etc.). Only two students spent time discussing these relationships. The other nine
students did not spend much time playing around with the animation and did not add additional
information compared to the first viewing of it. Four of the students stated that they liked this
animation better than the others, but did not go into detail about the cause-and-effect
relationships that occurred as they varied the controls in the animation.
The two students that did expand on their previous comments had more descriptive
explanations of what they were viewing. Student 4 commented on the relationships between the
number of loops and the amount of light coming from the light bulb each time he passed the
magnet through the loops. When commenting on the second prompt, he discussed the difference
in how the field was represented, how the voltmeter or light bulb show a better view of what is
changing as you move the magnet, and how the area of the loops affects the amount of current
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induced. Student 11 looked for relationships in this animation as well. He noticed that the loop
area and the number of loops had a large affect on the light bulb and voltmeter. He also made
reference to how the rate at which the field changed was connected to how bright the light bulb
would get. In addition, he made the observation that a back and forth motion gives a more
steady current. The idea of a back and forth motion producing a steady current that lights the
light bulb is not accurate but it shows that he made the association that an alternating current can
produce a constant light output. He liked the idea of the light bulb representing the current in the
wire instead of moving charges. ―It gives you a more hands on and better understanding how the
current moves through the loops, along with the magnetic field that moves through, or how the
magnetic field affects the loops as it moves through, and it creates a current for the light bulb to
light up.‖ Student 4 thought that this animation was more intuitive than the others.

Animation 4 – Prompt 1
What things change as you watch this animation? Be as specific as possible.

The aim of this prompt is to get students to think about all the things that change during the
process of EMI. The animation shows how a ring falling under the influence of gravity interacts
with a magnetic field. A changing flux creates an induced current inside the ring, shown as
small orange spheres circulating around the ring. The animation simplified the visual display by
representing the density of field lines with closely spaced lines. This intuitive representation
allows students to visually see how the flux can change through the loop. In addition, the
magnetic field created by the induced current is also shown as blue loops around the ring. The
field density of the permanent magnet changes as it interacts with the field created by the current.
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The relationship between a concept and individual examples can be characterized by the
critical attributes that define it (Bagno, Eylon, & Ganiel, 2000). The eight critical attributes that
changed with time in this animation were identified, a priori, by the PI. The critical attributes are
listed in Table 22.
Table 22. List of critical attributes that change with time in Animation 4.
Critical Attribute
A1

The rate at which the ring moves

A2

The rate at which the charges (represented by dots or spheres) move

A3

The direction the charges (represented by dots or spheres) move

A4

The strength of the magnetic field of the magnet - represented by the
density of field lines

A5

The magnetic field around ring (created by the current);

A6

The direction ring moves (up and down);

A7

The force acting on the ring

A8

The magnetic flux through the ring.

Table 23 shows the critical attributes each student referenced during the prompted interview. A
 signifies that the student made some type of reference to the critical attribute and the X
indicates that the student did not mention the attribute when answering the prompt.
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Table 23. Student references to the critical attributes of Animation 4.
A1

A2

A3

A4

A5

A6

A7

A8

Student 1





X



X

X

X

X

Student 2

X







X

X

X



Student 3

X

X





X

X

X

X

Student 4

X

X







X

X

X

Student 5

X





X

X

X

X



Student 6









X





X

Student 7



X

X







X

X

Student 8

X

X

X





X





Student 9

X

X





X



X

X

Student 10

X









X

X

X

The computer locked up for Student 11 for this and the last animation. No think-out-loud
interview data was available for this prompt.
Less than half the class did not mention the speed of the ring; the magnetic field around
the ring; the direction the ring moves; the force acting on the ring; and the flux through the ring.
Even though the directions state to be as specific as possible, some students may not have
mentioned these quantities because either they felt that the attributes were too obvious or they
were unprepared to judge what information was relevant. ―Novice learners are often unprepared
to judge what information is relevant and don‘t recognize that their observations are imprecise or
irrelevant (Land, 2000, p. 66).‖ Figure 21displays the percentage of students that made some
type of reference to the critical attributes for this animation.

141

90
80
Percentage

70
60
50
40
30
20
10
0
A1

A2

A3

A4

A5

A6

A7

A8

Critical Attribute

Figure 21. Percentage of students that noticed critical attributes in Animation 4.

It is apparent that students focused mostly on the change in speed of the charges, the change in
direction the charges were moving, and the change in strength of the magnetic field for this
animation.
Animation 4 – Prompt 2

Watch the motion of the small balls in the ring as it falls. What do you think they
represent?
This question has been asked in previous animations. It helps to validate if the students do not
know what the spheres represent or if they think they are some type of charged particle. Table 24
shows a comparison of student responses for this question prompt. A  signifies that the student
made some type of reference to electric charge (or moving electric charges) and the X indicates
that the student did not mention electric charge or current.
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Table 24. Comparison of students‘ explanation about what the spheres in Animation 4 represent.
Student

No prompt

Prompt

Comments

1

X

X

Refers to the spheres as induced current or voltage in both
viewings of the animation.

2





Thinks the spheres are electrons

3

X



Thinks the small spheres represent current

4





Thinks the small spheres represent current

5

X



Mentions current or electric charge

6

X



Thinks the spheres are electrons

7

X



Thinks the spheres are electrons

8

X



Thinks the small spheres represent current

9

X



States that they are some magnetic charge

10





Thinks the small spheres represent current

The table indicates that the class of students thinks the spheres are either electrons, current, or
magnetic charge. No one mentioned positive charge in the interviews.

Animation 4 – Prompt 3

What is the main idea this animation is trying to convey?
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The third prompt is more of an open-ended question that aims at getting a broad understanding of
the class‘s conception of the animation. Asking the student to explain what the animation is
trying to convey takes their thoughts from a focused vantage point to a more holistic perspective.
The PI expected the students to mention Faraday‘s law and/or Lenz‘s law and thought they
would talk about how current is produced by changing magnetic fields through a loop of wire.
The results for this prompt were interesting. A summary of the students responses described in
chapter 4 is shown in Table 25.
Table 25. Summary of the students‘ responses on what they thought Animation 4 conveyed.
Student

Comment

1

I think the main idea it‘s trying to convey is just how the blue field lines interact and
change as the ring is dropped and how the orange balls inside the ring change direction
and change speed as it‘s dropped across the screen.

2
3
4

5

6

7

8

9
10

This is another one showing how the movement of a conductor interacts with the flux
lines of a given magnet.
―It‘s just trying to show how an uncharged object alters the field lines on a magnet when
it‘s passes through it.‖
Fields are affected by and can create other fields and the ring indicates the current that‘s
producing current itself creates another field which affects the original field. That make
any sense?
I‘m not really, I‘m not too sure, any message
I‘m not sure what the main idea, I don‘t know if there is a word for it. There might be,
and I think it‘s trying to convey that as a ring enters, not even so much a ring but as the
ring, the electron motion I think is what it‘s trying to convey is that it switches. I think
that‘s the main idea of this animation. Not so much what happens with the blue lines but
more happens with the electrons.
The physical thing that is happening, it seems like it‘s like the coil already has a magnetic
field on it but it‘s the magnet in middle seems to be stopping it somehow but the opposite,
well it will be the same, they will be same as like they both be south poles so it will stop
right there but it still continues to fall after it lofts in the beginning and it slowly falls
down as it gets through the magnetic field and it goes from south to north.
It is showing how as the ring is entering the field that it does have it is getting pushed back
as it is falling through this field that‘s what is creating the current as it is moving through
the electric or through the magnetic field it is creating a current in the ring then when it
gets to the bottom it just falls down due to gravity.
Probably, when the ring makes its contact with the two magnetic fields, and the matter of
the strength going closer into the magnet determining direction from there.
As the ring falls through a magnet, a current is induced in that ring, producing another
magnetic field.
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It is notable that no one mentioned Faraday‘s or Lenz‘s law explicitly. Their overall impressions
of this animation vary, but a few main conceptions emerged.






An interaction of field lines.
Fields can create other fields.
Electron motion switches directions as magnetic field changes
The coil has a ―magnetic field on it‖ and that this magnetic field can ―push back‖ on the
other magnet.
A current is induced in the ring that produces another magnetic field
Each of these ideas is valid but none of them are complete. Although the students had

already studied the principles of EMI in the lecture sessions, this was the first time they had seen
dynamic simulations of this phenomenon. It was apparent that students‘ were thinking about the
animation in terms of changes in magnetic fields, but most of the students had a hard time
putting their thoughts into words. Land (2000) explains that ―assisting learners in making
connections between representations and meanings while they are simultaneously learning these
representations and meanings is a difficult design dilemma that may require extensive support
and modeling (p. 68).‖
Animation 5 – Prompt 1

What are some of the similarities and differences that you see in this video
compared to the animations and simulations you have viewed?
Prompt 1 elicits student‘s thoughts on the similarities and differences between a real world video
and computer simulations of EMI. Most students stated the obvious difference (i.e. that it was a
real event and not a simulation) but did not reflect back on the concepts of EMI. A few students
related some of the motions to the other simulations they had just watched. Only one student
tried to explain a similarity in terms of change in flux through a ring. Animation 4 was very
similar to this video in the way it was demonstrated, the difference being that the ring was
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stationary and the magnet was the object in motion. The field lines and current were also not
shown in the video. The fact that several students did not have any commentary might indicate
that they could not relate their conceptions from the computer simulations to actual video footage
showing this real phenomenon. Other students preferred the video over simulations. Student 4
stated, ―It‘s just something I can imagine, I have actually seen tube and a magnet can imagine
this falling through the tube‖, indicating that the simulations did not invoke a sense of something
representing a real event. Student 10 also wrote in the post-survey that he thought the video was
the most effective of the five animations to help him understand the phenomenon.

Animation 5 – Prompt 2

What do you think slows down the falling object?

This prompt aims at getting students to think about the forces that act on the falling object. They
should be aware that gravity is causing it to fall and that there is another force that slows the
object down. The main concept here is that induced currents always create magnetic fields that
oppose the change in flux. Table 26 shows a comparison of student responses for this question
prompt. A  signifies that the student made some type of reference to this force, the X indicates
that the student did not mention forces due to magnetic fields when answering the prompt.
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Table 26. Comparison of students‘ reference to the force created by the induced magnetic field
when viewing Animation 5.
Student

No prompt

Prompt

1

X

X

2

X



3

X



4

X



5

X

X

Comments
This student noticed that the magnet in the tube slowed
down and speeds up but could not tell what they were or
what caused this. When prompted, the student stated that it
is the change in temperature that shrinks the tube or creating
friction within the tube.
This student made reference to the temperature effect on
magnetism. When prompted to explain what slows the
object down, he stated ―I am not quite sure if that‘s a cold
substance dry ice, then temperature affects it. But if that‘s
just a magnet, then the magnetic interaction would be what
slows it.‖
When answering the prompt, the student stated that ―the
field lines…the force‖ slow it down. He was referring to the
field lines from the falling magnet.
This student mentions that there is a magnetic field created
by the big disk that slows the falling object down. When
asked if the field was created by the falling magnet or if it
was present, the student stated that it was already present.
The student was not sure about how to answer this question,
only that magnetism may slow it down.
He doesn‘t explicitly state that there is a force until
prompted. His reply was ―I think what slows down the
falling object is that it gets caught by a magnetic field like a
force, magnetic force acts upon. Not enough to stop it and
not greater than the force gravity upon it but just great
enough to give it some sort of resistance to slow it down for
a second‖
He doesn‘t explicitly state that there is a force until
prompted to explain. He states that there is some type of
magnetic field but then refers to the electric charge and
polarization as the source for the force.

6

X



7

X



8





This student explains that the force comes from a magnetic
field that resists its fall.

9





Initial conception is that there is some type of magnetic
force slowing the magnet down. When asked to explain
what he meant by ―something‖ slows it down, he stated
magnetic gravity.

10





Refers to the induced magnetic field as the source for the
objects change in speed.
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Student 1 mentioned that the object in the tube slowed down in his initial viewing but did not
explain why he thought it slowed down. The PI gained an interesting perspective from his
answer to this prompt. Even though the students knew this was an investigation about induction,
and all four of the previous animations showed how a ring and a magnet interact when they
move relative to each other, he did not transfer this concept to the last video. Instead he refers to
how the temperature effects the falling object. Student 2 did the same thing but stated it might
be due to some type of magnetic interaction too. Another conception that arose was that both
objects were permanent magnets. Student 7‘s initial response was related to magnetic fields but
when questioned further, he refers back to concepts of electric charge and polarization. These
terms are used when describing electric fields. Yet another conception that emerged was Student
9‘s idea of magnetic gravity creating the force.
Key Findings
The results of this study indicate that reflection prompts can play an important role in
helping students identify critical attributes of EMI animations. For example, the number of
students who made reference to the movement of the spheres for Animation 2 quadrupled when
they were prompted to reflect on this particular attribute, compared to the students‘ initial
unprompted responses. Likewise, the number of students who referenced how the magnetic field
changed in this animation doubled after responding to the second prompt. The number of
students who mentioned how the speed of a magnet affects the speed of the moving charges
tripled when the third prompt was introduced.
The first prompt of Animation 4 asked students to list any attributes that changed as they
watched the animation. Most of the students focused on how the magnetic field changed with
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time and how the charges moved relative to the magnet. Less than half the class picked up on
the other six critical attributes that also changed with time in this animation.
When students were prompted to discuss the forces that act on a falling magnet shown in
Animation 5, the number of students who discussed their thoughts about this effect doubled
compared to the unprompted interviews. Although many of the students‘ conceptions were
incorrect, these prompts were effective at prodding students to talk about what they were
viewing and thinking as they watched the video.
Some of the questions for the prompts were designed to help gain an understanding of
students‘ metacognition, while others were conceptual prompts. Prompt 3 of Animation 1 was
aimed at getting the students to form a general rule about the induced magnetic fields; prompts 1
and 2 of Animation 3 asked the students to explain the relationships and differences they
observed in the animations; prompt 3 of Animation 4 wanted the students to conceptualize the
main point that the animation was trying to convey; and prompt 1 of Animation 5 asked students
to describe some of the similarities and differences they noticed in the video compared to the
simulations. Each of these prompts may have helped students connect some of the critical
attributes to key conceptual ideas behind EMI. For example, Student 11 looked for relationships
in animation 4 after being prompted to do so. He noticed that the brightness of the bulb was
directly related to how fast the magnet moved, and that moving the magnet back and forth
produced a near constant light output. The idea that a changing magnetic field through a closed
loop of wire can produce an alternating current, resulting in a constant light output, is an
important concept. It was not clear if the student discovered this fact by playing with the
simulation or if he already understood this relationship. The prompt was useful in getting the
student to provide more detailed information during the interview.
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In a study by Zacharia and Anderson (2003), simulations were shown to affect students‘
abilities to give scientifically acceptable explanations regarding physical phenomenon within
laboratory experiments. Their study contends that simulations extend the experience of the
learner which is required to achieve gains in comprehension of scientifically accurate
conceptions (Zacharia & Anderson, 2003). Although this case study did not focus on the
cognitive gains of each student, it did investigate what the students were conceiving as they
viewed the animations.
In order to provide effective reflection activities, Edelson (2001) contends that ―students
should revisit the evidence for their conclusions in order to assess their validity, identify the
limitations of their understanding, and clarify its applicability. Because reflection requires
perspective, activities that engage learners in communication about their activities and
understanding can be particularly effective at fostering real reflection‖ (p. 379). The question
prompts were embedded next to the same animations that the students viewed previously so that
they could re-examine their original inferences about each simulation. In addition, the two
interviews were conducted on the same day so that students could more easily recall what they
were thinking when they first saw the animation. This technique also provided validity to what
some of the students were thinking. During several of the animations, terms were mentioned that
the PI thought were slips of students‘ tongues. However, these terms were also repeated during
the prompted interviews. For example, student 9 referred to a magnetic ring and magnetic
charges in both the unprompted and the prompted interviews.
The reflection prompts did not always get students to provide deep explanations about
what they were thinking. On several occasions, the PI interjected with follow up questions to get
a better understanding of the student‘s thoughts. Student 7‘s response to prompt 2 in Animation
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5, as shown on page 107, shows that his initial response was correct. But when asked to be more
specific in his explanation, he stated that ―a conductor would lose its charge over a period of time
and it wouldn‘t be able to sustain and suspend that piece of material up in the air‖. As the PI
probed deeper into this student‘s thinking, it was apparent that he lacked stability in his
reasoning and resorted back to concepts of electric charge, electric fields and polarization.
Novices in any subject often have difficulty noticing specific attributes within a visual
representation and forming meaningful patterns of information. Experts, on the other hand, have
attained a large amount of structured content knowledge that permits an innate understanding of
a specific subject (Bransford, Brown, & Cocking, 1999). It was apparent that the students‘
limited conceptual knowledge had an affect on what they noticed in the animations. Several of
the findings from this case study support the line of reasoning that Land (2000) includes in her
paper about students‘ difficulties with visualization tools of complex phenomena. She contends
that ―students who lack prior domain knowledge are likely to lack perceptual precision needed to
distinguish relevant trends and patterns. This might make it difficult for novices to select
relevant visual cues and to interpret what they mean (Land, 2000, p.68)‖. As described
previously, students in this study had a lot of difficulty distinguishing between electric fields,
magnetic fields, and flux.
It is important to uncover misconceptions so that teachers can get a better sense of what
causes students‘ difficulties. However, the relationship between perceptions of representations
and conceptions is complex and interrelated. In some cases, the animations may have helped
reveal students‘ misconceptions by showing deficiencies in their domain knowledge. In other
cases, the animations may have led to the students‘ misconception. For example, in two of the
animations students attached meaning to irrelevant visual cues. In the first animation some

151

students associated the number of charges inside the ring to the number of field lines passing
through it. Furthermore, two other students thought that the ring was spinning instead of the
charges. This supports the notion that limited conceptual knowledge can influence what students
are able to accurately notice about each representation.
This case study also shows how reflection prompts can be used to assess if students are
able to identify and associate certain attributes within animations. Students verbally identified
relationships between magnetic fields and induced currents in the simulations. They also
visually compared different animations that were demonstrating the same phenomenon. Most of
the students were able to formulate relevant associations in these animations and interactive
simulations, but the class had a lot of difficulty transferring these associations to a video showing
the same event. When specifically asked to describe the similarities and differences they
observed between the video and the other animations, students had a difficult time drawing
parallels.
Any students who completes two-semesters of a college level physics course should have
the aptitude to qualitatively assess the basic physics principles involved with EMI. Each
animation, interactive simulation, and video used in this study illustrates the concept of EMI and
shows interactions that occur between a magnet and a conductive ring. This empirical study
suggests that prompts can help focus students‘ attention and monitor their thinking. However the
prompts used in this investigation did not spark a great deal of reflective evaluation and were not
as successful at engaging students‘ metacognition as the PI had hoped they would be. As Land
(2000) points out, learners do not always benefit from the use of prompts.
The value of such support is largely dependent on the extent to which learners
both recognize the need for it and actually use it. It is not uncommon for learners
to ignore suggested strategies or questions, believing that the guidance is
unnecessary or a hindrance to progress.
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Reflection prompts may have made them slow down and take notice of certain parts of the
animation but, in most cases, the prompts did not change the students‘ conception of what was
occurring or provide deeper explanations of what they thought was happening in the animation.
Previous studies have indicated that students typically have difficulty in understanding
relationships in models of electromagnetic induction (Albe, Venturini, and Lascours, 2001;
Allen, 2001; Saarelainen, Laaksonen, & Hirvonen, 2007). This findings from this study indicate
that students‘ conceptions of EMI animations are fragmented and that the eleven participants
often overlooked the critical attributes that were represented in the animations and simulations.
―With visualization and manipulations tools, learners must be able to make accurate observations
from visual displays and link these observations to plausible explanations (Land, 2000, p.65).‖
It was also apparent that several of the animations and simulations could be improved by
adding little plus signs to spheres or dots to help students associate these objects with positive
electric charge. This addition should help clear up the students‘ misconception that the spheres
represent electrons in the animation.
The PI did not try to generalize students‘ perceptions from this intrinsic case. Rather, the
findings helped the PI to assess what these eleven students were thinking as they interacted with
the selected animations.
Implications for Future Research and Instructional Design
The literature review indicates that students‘ difficulties with the topic of EMI are
prevalent and universal. Technology and visualization tools may be able to help facilitate
exploration and understanding of this complex phenomena and offer powerful learning
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opportunities. However, instructional designers must take into account how their audience
perceives these tools.
There is a growing amount of research on how students reason as they are learning new
subjects. Using empirical studies, educational researchers can determine the various qualitative
ways learners perceive phenomena (Guisasola, Almudí, & Zubimendi, 2004). By doing thinkout-loud interviews, researchers can begin to map out students‘ thoughts and search for
conceptions that are common or unique. This information can help instructional designers
construct materials that address conceptions that students are likely to have as they progress
through the learning process.
With e-books becoming affordable and popular among students, the use of static images
and passive reading will soon become a thing of the past. Dynamic animations and interactive
simulations will most likely be embedded within textbooks to provide more effective and
efficient ways for students to grasp the concepts, terms, and interactive relationships of EMI.
These simulations could contain pop-up buttons that show the symbols used in the mathematical
representation of this phenomenon; display definitions; provide voice over explanations of each
quantity; or ask reflective questions. Metacognitive prompts may be used to help learners self
assess what they know about a topic by having them reflect on the purpose of the task (Hill &
Hannafin, 2001). Bagno et al., (2000) explain that guided prompts can help build relationships
between different concepts by helping the students identify relationships, compare them to other
relevant relationships, recognize differences and similarities, and formulate associations visually,
verbally, or symbolically (Bagno et al., 2000). The authors also explain that after students
complete the reflective stage, they begin to develop and elaborate on the concepts.
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By getting into the minds of students, researchers can see what novices see. A novice
student may interpret things much differently than an expert would because they do not have the
necessary knowledge-base required for proper analysis of the animation. Although no
generalizations have been made in this study, a collection of future case studies may help
instructional designers eliminate some of the confusion certain students face when viewing these
animations. By identifying inaccurate student conceptions, researchers may help to refine the
design of visual tools and provide enhanced support for the learner.
Computer simulations are, and will continue to be, an integral part of teaching physics.
In order to improve classroom instruction, there needs to be ongoing educational research that
probes what students know and how they form concepts of scientific principles.

Limitations of the Study

Since this was an exploratory case study that did not draw generalizable conclusions, the
sample size wasn‘t as important as what a quantitative study would require. However, the small
size and homogeneity of the study was a limiting factor in getting extensive and diverse
perspectives. All of the students were Caucasian males, about the same age, and were attending
the same college. In addition, the students represented only two different major fields of study.
This is a narrow slice of all the different programs the college offers.
Although the PI tried to be objective in his analysis of the interviews, there is always
research bias that occurs when analyzing student responses. During the interview process, the PI
made every effort to keep quiet as to not sway students‘ replies to prompts or influence their
conceptions of the animations. Using the computers and the internet also required that the
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participants be computer literate and familiar with how to manipulate the interactive simulations.
Although there was no time constraint given to the students, some of them seemed to rush
through the last few animations. This could be due to their not wanting to repeat what they said
previously, or because they wanted to get back to the laboratory. This may also be attributed to
the fact that the students were novice learners who had difficulty accurately perceiving and
interpreting the visual cues.
The five virtual models used in this study all had the same context, a simple magnet
moving though a loop of wire. Research has indicated that transfer of knowledge is difficult
when a subject is explained in a single context rather than by multiple contexts (Bransford,
Brown, & Cocking, 1999). Many of the students may have reitterated the same conceptions in
different animations due to the similarity between each representation. Conversely, some of the
students had difficulty explaining their views about Animation 5 since it was a real event.
Each animation was viewed at the host website. Students were not exposed to the
corresponding instruction, explanations, text or symbols that were shown before or after the
animations at these sites. The animations were purposely isolated so that the students‘
conceptions would not be influenced by this information.
The think-out-loud protocol was difficult for some of the students and the PI could sense
their discomfort with this technique. Even though the PI tried to reduce some of the students‘
trepidation, this apprehension may have affected their ability to put thoughts into words.
Also the research took place in the PI‘s office and not in the familiar surroundings of the lecture
or lab. Students were aware of the fact that their actions on the screen were being videotaped
and that their voice was being recorded. This may have made them uncomfortable in expressing
their thoughts. There was also some difficulty with the equipment. The video recorder stopped
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displaying the image, but the audio continued to work properly. A second backup audio recorder
ran out of disk space during one of the interviews, but the video camera was able to record the
student‘s responses for the remaining prompts. The computer also locked up for Student 11, so
he was unable to answer the questions for the last two animations. This student stated that he
would return at a later time to complete it, but this did not happen.
The PI was not the instructor for the class and did not cover the content with the students
in the lectures or labs. This fact may have made the students uncomfortable since they did not
know the PI on a personal level. In addition, there was difficulty coordinating the time to run the
study with the professor of the class. The pre-interview survey and quiz had to be administered
before the students discussed the topic of electromagnetism in the lecture sessions and the postinterview survey had to be squeezed in just before the end of the semester. This was a busy time
for students, so they may not have spent as much time answering the questions on the survey
instrument as they would have at a different time in the semester.
Concluding Remarks
The fact that all alternating current is produced by this fundamental phenomenon of
nature is, by itself, important to understand. Readers of this study will hopefully get a deep
understanding of the various conceptions these eleven students experienced while viewing a set
of five animations.
My eighteen years of experience teaching introductory college physics courses has
provided plenty of evidence that students find the topic of EMI very difficult. This professional
experience, along with the information attained at many physics education conferences and
workshops, provides a keen awareness of the struggles students have when trying to grasp these
concepts. Even with this prior knowledge and understanding, I learned a great deal by
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conducting this study. This was the first time I had performed a qualitative study with think-outloud interviews. Since it is not possible to see inside each student‘s brain, this protocol allowed
me to access their thoughts in order to analyze their conceptions.
A major role of an instructional designer is to find out what tools are most effective in
helping students understand new knowledge. When teaching a unit about EMI, teachers
normally include demonstrations, reading assignments, homework questions, quantitative
problems, and some laboratory investigations to help students build the necessary qualitative and
quantitative models of this natural phenomenon. The study showed that students continue to
have difficulty picking out the critical attributes and relating EMI concepts after they receive this
type of instruction.
James Clerk Maxwell once said (as cited in Bagno, Eylon, & Ganiel, 2000, p. S16) that
―the principal aim of any science is to reduce itself to the smallest possible number of
principles‖. The animations, interactive simulations, and video used in this study illustrate the
most basic principles of this phenomenon without using any text or symbols. The animations
allowed students to see the various attributes from different points of view with slightly different
representations. It is often assumed by teachers that when students compare examples of a single
concept, they will easily differentiate between the critical attributes and noncritical attributes in
each example ( (Bagno, Eylon, & Ganiel, 2000). This assumption is often not the case, as shown
in this study.
The information and experienced gained by completing this case study has provided a
solid foundation for the PI to conduct future research studies. The collection of computer
simulations available for use on the web will continue to increase. As it does, more research will
be needed on how these animations can be incorporated into learning environments to help
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learners get a better understanding of how EMI works. Finding the right tools and knowing how
to use them to help students develop stronger associations and a deeper understanding of physics
is important. A better understanding of students‘ misconceptions and conceptual deficiencies
will emerge as researchers continue to investigate how students‘ cognitively process what they
see and do. This information can assist instructional designers as they develop context-oriented
prompts to help learners detect critical attributes and make important associations.
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Appendix A
Pre-Interview Questions
1.

Have you ever heard of Faraday‘s law of electromagnetic induction? (circle one)
Yes
No
If yes, what do you know about this law?

2.

Which of the following best describes how you learn something new? (circle one)
a. Visual learner – learn through written material, visual graphs, and animations
b. Auditory learner – learn through listening and talking
c. Kinesthetic learner – learn by doing

3.

As you know from first semester physics, mass is responsible for gravitational fields.
What do you think is responsible for the production of magnetic fields? Give examples if
you can.

4.

What (if any) differences exist between magnetic fields and electric fields?

5.

Can electrical currents be created using magnets? If so, how?

6.

Do magnetic fields create energy? If so, how?
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7.

List the first three things that you can think of (if any) that are a direct result of changing
magnetic fields.

8.

How important is an understanding of magnetic fields to your major?

9.

Not Very important (1) TO Very Important (5)
1 2 3 4 5
What is your opinion on the usefulness of understanding physics principles in your daily
life?

10.

How often do you use internet resources to look for answers and insights to concepts or
problems that you do not understand?
a. Never
b. Not very often (once or twice a semester)
c. Pretty often (more than twice a semester but less than ten times a semester)
d. Very often (i.e. more than ten times in a semester)
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Appendix B
Pre and Post Quiz
1. Two identical loops of wire carry identical currents i. The loops are located as shown in
the diagram. Which arrow best represents the direction of the magnetic field at the point
P midway between the loops?

2.

Wire 1 has a large current i flowing into the page, as shown in the diagram. Wire 2 has
a large current i flowing out of the page. Which direction would the magnetic fields point
at positions P and R?
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3.

An insulated wire is wound around one side of a piece of iron and the ends of the wire are
connected to the terminals of a battery. A second insulated wire is wound around the
other side of the piece of iron and its ends connected across a light bulb. A switch, which
can be opened or closed, is inserted in the wire to the battery. Which of the following
statements about this arrangement is true?

(a) The bulb will light as long as the switch is closed.
(b) The bulb never lights because the two wires are not connected since they are
insulated.
(c) The bulb lights momentarily only when the switch is first closed and not when it is
opened.
(d) The bulb will light momentarily anytime the switch is closed or opened.
(e) The bulb never lights because there is no current in the iron piece.
4.

In which of the figures below will the light bulb be glowing? (Circle any that apply here)

170

5.

A graph of the magnetic flux through a coil as a function of time t is shown below.
During which time interval does the induced voltage across the output of the coil have the
largest magnitude?

(a) A
(b) B
(c) C
(d) D
(e) E
6.

A very long straight wire carries a large steady current i. Rectangular metal loops, in the
same plane as the wire, move with velocity v in the directions shown. Which loop will
have an induced current?
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7.

A rectangular loop is placed in a changing magnetic field with the plane of the loop
perpendicular to the direction of the field. If the induced current flows through the loop
in a counter-clockwise direction as viewed from above (see figure below), then the
magnitude of the field lines through the loop must be:

Bext

(a) increasing.
(b) constant.
(c) decreasing.
(d) A current cannot be induced in this case

8.

A rectangular conducting loop lies in the same plane as a current-carrying wire, with two
sides parallel to the wire and two sides perpendicular (shown below). Suppose the
current through the straight wire increases with time, what can you conclude about the
induced current within the loop?
I
wire

loop

(a)
(b)
(c)

A counterclockwise current will be induced within the loop
A clockwise current will be induced within the loop
No current will be induced within the loop
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9.

For
0. each. case below, sate whether you thing the light bulb would be lit and explain
why you think this.
Circle Answer
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10.

A single circular hoop moves with constant velocity through regions where uniform
magnetic fields of the same magnitude are directed either into or out of the plane of the
page as indicated below. Determined the direction of the induced current, if any, at each
of the seven marked positions. (Use CW = Clockwise and CCW = Counterclockwise for
current directions)

1

2

3

4
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5

6

7

Appendix C
Post-Interview Questions
1.

What was the hardest thing for you to understand about Faraday‘s law of induction?

2.

Of all the videos, animations, and interactive simulations you looked at, which one stands
out in your mind as being the most effective in helping you understand this natural
phenomenon? Explain.

3.

Of all the videos, animations, and interactive simulations you looked at, which one stands
out in your mind as being the least effective in helping you understand this natural
phenomenon? Explain.

4.

What is your opinion on the effectiveness of computer-based technology tools (i.e.
videos, animations, and interactive simulations) to aid in the understanding of
electromagnetic induction?

5.

Summarize in a few sentences the main ideas of electromagnetic induction in order of
their importance.

6.

The basic process of producing alternating current can be explained using Faraday‘s law
of induction. Now that you have a better understanding of this phenomenon, answer the
following questions.
a. How important is an understanding of this law for your major program of study?
b. How does this phenomenon influence your life?

8.

Do you have any additional comments about this study?

175

Appendix D
Research Consent Form
Informed Consent Form for Social Science Research
The Pennsylvania State University
Title of Project:

A case study of students' conceptions on electromagnetic induction while
viewing a series of videos, animations, and interactive simulations.

Principal Investigator:

Advisor:

David S. Richards – 2455 Four Mile Drive Montoursville, Pa 17754
dsr128@psu.edu, 570-326-7756
Dr. Susan Land, 310-D Keller Bldg. University Park, PA 16802
sml11@psu.edu, 814-865-0473

1. Information and Purpose of the Research Study: Research volunteers from the PHS 20201 course at Pennsylvania College of Technology are being sought to participate in a study
that will investigate students‘ conceptions of electromagnetic induction while viewing a
series of videos, animations, and interactive simulations.. The data collected in this study will
be used as part of a David Richards‘s dissertation for Penn State University.
2. Procedures to be followed: You will be asked to answer a set of multiple choice and essay
questions on a ―pre- test‖ and a ―post-test‖. The pre and post test questions will not be
included as part of your course grade. In addition, you will watch a series of videos,
animations, and interactive simulations that involve Faraday‘s law of electromagnetic
induction. A video recorder will be set up to record your actions on the computer screen and
your audio comments. You will be asked to think out loud as you view a series of
animations. I will be in the room as you work through each video, animation, and interactive
simulation and provide support and guidance when needed.
After you have completed the traditional in-class instruction on concepts and problem
solving techniques of electromagnetic induction, you will be asked to view the videos,
animations, and interactive simulations one more time and explain what you are viewing. A
video camera will record your comments. A ―post-test‖ will be given to get additional
information on your understanding of induction, as well as your views on how videos,
animations, and interactive simulations helped you to understand these concepts.
3. Please indicate whether you give permission to participate in this study by checking one of
the statements below:
_____ If do give my permission take part in this study.
_____ If do not give my permission to take part in this study.
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If you checked that you do give permission to take part in this study, please indicate that you
do or do not give permission to be directly quoted in publications or presentations (your
name will not appear anywhere in the publication or presentation).
_____ I do give my permission for portions of the interview to be directly quoted or
shown in publications/presentations.
_____ I do not give my permission for portions of the interview to be directly quoted or
shown in publications or presentations.

If you checked that you do give permission to take part in this study, please indicate if you do
or do not give permission for the researchers to access the information generated during the
lab and use it for research purposes.
_____ I do give my permission for portions of the lab to be used for research
_____ I do not give my permission for portions of the lab to be used for research
4. Duration: It will take approximately three hours for each student to complete the study,
which includes some instruction / lab time.
5. Statement of Confidentiality: The information contained on this consent form will be kept
confidential. The only people who will have access to this information are David Richards
and Dr. Susan Land. All audio/video recordings, notes, and pre-post tests will be kept by
David Richards for a period of three years after the completion of the study and then
destroyed.
6. Right to Ask Questions: Please contact David Richards at (570) 326-3761 ext. 7494 or
drichard@pct.edu with questions or concerns about this study.
7. Voluntary Participation: Your decision to participate in this research study is voluntary.
You do not have to answer any questions you do not want to answer.
You must be 18 years of age or older to take part in this research study. If you agree to take part
in this research study and the information outlined above, please sign your name and indicate the
date below. You will be given a copy of this form for your records.

______________________________________________
Participant Signature

_____________________
Date

______________________________________________
Person Obtaining Consent

_____________________
Date
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