A case of successful learning about magnetism through the use of evidence
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This paper explores the remarkable success of one 7th grade student as she discovers foundational concepts
while engaging in an NGSS-aligned unit on modeling magnetism. Student success in modeling is of particular
interest in the PER community. Through understanding how students are able to create mechanistic models,
we can reveal core practices which in turn can be used to inform instructional design. Here we examine one
student who was able to synthesize the key concepts of magnetism: that a magnet is comprised of microscopic
magnetic dipoles and that the orientation of these dipoles determines the orientation of the macroscopic polarity.
We present significant excerpts of the progression of the modeling process in order to illustrate the key factors
that affect her learning: her iterative use of evidence to guide her reasoning, her use of prior knowledge, and the
interactions with her teacher and peers.
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I. INTRODUCTION

This paper focuses on the experiences of a single student
who, through the process of model building, is able to dis-
cover the microscopic mechanism of magnetism for herself.
Understanding magnetism is something that is difficult for
students [1-4]. This student’s success is notable due to her
sophisticated use of evidence to guide her reasoning. The
student was able to determine the mechanism by which mag-
netism works at a microscopic level by interacting with the
physical phenomena, by using prior knowledge of attractive
and repulsive forces, and through engaging in questioning
with her peers and her teacher. In this paper we explore how
this is accomplished.

II. BACKGROUND AND THEORETICAL FRAMEWORK

Within PER, there is a traditional approach of focusing on
students’ misconceptions or learning difficulties [5]. This ap-
proach has well-documented benefits in supporting the design
of instruction [6]. Yet, there are important reasons to focus on
cases of students’ learning successes. By looking at students’
unique pathways to achieving understanding we can docu-
ment the factors that contribute to this and in turn, develop
instruction to support other students’ successes.

Student success in modeling is of particular interest to
the PER community. Modeling is considered important in
physics [7, 8], in part because reasoning through modeling
can be productive for student learning and conceptualizing
evidence [9]. However, research in modeling has often fo-
cused on difficulties: Students are often more concerned with
how a model looks than what a model does [10] and can
have challenges with applying models from one context to
another [11, 12]. Furthermore, some of the PER work re-
lated to modeling has documented success through quantita-
tive outcome measures [13-16], but less work has examined
the learning pathways towards success [17].

This research is situated in the resources framework [18],
which is a way of understanding how students use prior
knowledge in sensemaking. Existing work within this per-
spective has examined students’ prior knowledge as a re-
source for future learning, along with pathways and learning
mechanisms that can support success [19-21]. This perspec-
tive forms our theoretical background as we examine one stu-
dent’s sensemaking about magnetism.

III. METHODS

A. Instructional Setting

This research is part of a larger study on middle-grade stu-
dents modeling magnetism. The curriculum was developed as
a collaboration between researchers and two 7th-grade teach-
ers. One of the collaborators, Dr. Streatfield (a pseudonym),
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taught 7th-grade integrated science at a Title 1 charter school
focused on science education. The curriculum was designed
to align with the NGSS scientific practice of Developing and
Using Models and the disciplinary core idea of Types of In-
teractions [22], which in this instance involved a focus on
how magnetic forces are able to act over distances. Similar
curricula can be found in the literature [3, 4].

During the two weeks of instruction, students in small
groups worked to create a model to explain what is happen-
ing in an anchoring phenomenon, a floating paperclip. Stu-
dents participated in the following instructional sequence: ex-
plored the phenomenon, created an initial model, interacted
with eight lab stations to observe other aspects of magnetism
and collect relevant evidence, revised their models, then used
consensus building activities to create a final model that they
presented to the class. The teacher engaged with the students
during this process, asking questions and highlighting results,
to lead students to a model that explained magnetism and
that enabled them to make predictions. Importantly, as an
NGSS aligned modeling unit, there was no direct instruction
on magnetism prior to or during this lesson.

B. Data Collection and Role of the Researcher

Data consist of the following: researcher written field
notes; audio recordings of the entire class, including both
small group work and whole class discussion; video of se-
lected small group work and whole class discussions; and
copies of the groups’ final paper models and final individ-
ual students’ magnetism assessments. During the instruction
there were between one and three researchers in the room to
collect data and support the teacher, interacting with the stu-
dents when requested by Dr. Streatfield.

C. Analysis Methods

Field observations indicated that the richest data was in the
whole class presentation of the final model, so we transcribed
this first. Pseudonyms are used throughout this paper. We
wrote narratives describing each group’s final model with a
focus on mechanistic reasoning and scientific accuracy. We
selected one focal group based on the clarity and success of
the final model and associated presentation. One student in
this group, Addie, provided a notably correct explanation of
magnetism, although the representation was not canonical.
We then transcribed the remaining audio and video for Ad-
die’s group, resulting in complete audio and partial video for
this group over the entire instruction.

From the transcripts, we analyzed the data using narrative
analysis techniques. Narrative analysis, in this situation, is a
method of creating a narrative by synthesizing and emplot-
ting events and actions to create a coherent whole [23]. This
technique includes aspects of discourse analysis [24]. In this
case, a narrative approach was used to examine the entirety of



Addie’s reasoning and unpack how early events contributed
to her final model. Specifically we focused on key points in
time that contained relevant confusions, progress that was im-
pacted by new evidence, and key teacher initiated scaffolds,
which are presented below. In the transcripts, specific words
and phrases are bolded to highlight these elements.

IV. NARRATIVE ANALYSIS

In this analysis, we consider three episodes, in chronolog-
ical order 1, 2, and 3, and two artifacts. We will begin with
an analysis of the artifacts, Addie’s part of her groups final
model and Addie’s assessment, to show her learning out-
come: The macroscopic phenomenon of magnetism is ex-
plained by microscopic magnetic dipoles (polarity) and the
orientation of the dipoles. This allows for the correct predic-
tion of macroscopic behavior when the microscopic dipoles
are changed (for example, by breaking the magnet). Con-
currently, we consider episode 3, the final class presentation
of the group model, in which Addie explains how she came
to this understanding. Next we will investigate two earlier
episodes: The first episode is key to her sensemaking about
the microscopic dipoles and the second one examines her
sensemaking about the orientation of the dipoles. Both of
these episodes contribute to her ability to make correct pre-
dictions about changing the orientation of the dipoles.

A. Episode 3: Final Understanding as Captured in the Final
Model, Assessment, and Final Group Presentation

This section focuses on Addie’s learning and contributing
factors. Addie’s learning is demonstrated by the section of the
final model that she created, as well as her final assessment
(see Figs. 1-2). These artifacts show that Addie has gener-
ated a model in which a permanent magnet is comprised of
dipolar microscopic units and the orientation of these dipoles
determine the orientation of the magnet. Examining Addie’s
part of the group model, the magnet in the "thought bubble"
(see Fig. 1), we see that "molecules" in the magnet are repre-
sented by ovals with pluses and minuses, the students explain
this represents the "polarity" of the magnets. Also significant
is how the dipoles are oriented vertically in the disk magnet,
such that the positive end is at the top, labeled north, and the
negative end is on the bottom, labeled south. In Addie’s final
assessment, she has changed the pluses and minuses to N and
S, (see Fig. 2) which is more canonical, but has retained both
the polarity and the orientation.

In the group presentation, at the front of the class, Addie
describes how she she is able to determine the dipole nature of
the "molecules” that make up the magnets, as well as how she
was able to figure out the orientation of the dipoles. Finally,
she makes a prediction about what happens when she breaks
the magnet. All transcripts in this paper have been edited for
clarity while maintaining the voices of the participants.
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FIG. 1. Addie’s group’s final model showing the floating paper-
clip, the magnetic field and the dipole "molecules" that comprise the
magnet.
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FIG. 2. Section of Addie’s final assessment, which asks what is
happening in and around two magnets that are sticking to the sides of
an empty glass tube, showing the dipoles that comprise the magnets.

1. Addie: So we have the molecules in the magnet and
then we have it [the magnet] from the side <pointing
at the "thought bubble" magnet>. 1 was really con-
fused how the molecules are drawn. And so I was
thinking: which side is north? and then which is
south?. And I was playing with some bar magnets
<moves her hands as if she is putting the bar magnets
together>. And I set them together with the side, and
then I flipped them over and [they] didn’t stick to-
gether <turns her hands around, indicating how the
magnets flipped over, pauses, turns to the board>. Can
I draw?

. Dr. Streatfield: Yeah, totally, make sure you draw nice
and big though.

. Addie: <off camera> 1 just had them from the side and
they stuck together. And then this is the top and this
the bottom. And with this one [turned] over, right there,
then they didn’t stick together. And that’s what made
me think, instead of like this, the north is the top and



the south is the bottom. So that’s why, we have them
here and here.

. <...several minutes of non-related class discussion...>

. Andrea: <off camera> So in your magnet, you have a
molecules kind of thing. And they have, it looks like,
a negative and a positive side? What’s the story behind
that?

. Addie: When we were breaking the magnets, it
didn’t fit together, and I was so confused. And then
[initially] I was thinking that some atoms were positive
and some were negative. And then I decided that they
were like split in half. So, they didn’t break the magnet
and they get together <pauses>...

. Evan: It’s basically a way to demonstrate the polarity
<pointing at the poster>.

. Addie: Oh! I know what I was going to say. If you
break the magnet, then it always has a north and south
pole <gesturing top and bottom>. Cause the atoms
have a north and south side <gesturing above and be-
low>. Yeah <smiles>.

While narrating her drawn model, Addie expresses confusion

about the orientation of the dipoles in the model (line 1) and

that she determined the orientation through evidence obtained
by interacting with bar magnets (line 1). The evidence she de-
scribes is how the magnets will stick together one way, but not
stick together when one magnet is flipped over (line 3). Later

Addie describes being confused by the evidence that a bro-

ken magnet does not fit back together when broken (line 6).

She explains that she resolves this confusion by determining

that the "atoms" in the magnet are "split in half" ie. dipolar,

rather than some are "positive" and some are "negative" (line

6). Finally, Addie makes a prediction that when a magnet is

broken, both the magnet and "atoms" have north and south

sides (line 8). In this episode, Addie uses evidence to work
through confusion to reach a greater understanding, and then
applies that understanding to make a prediction.

B. Episode 1: Sensemaking about Polarity

In this episode, we examine Addie’s sensemaking about
polarity. This occurs in the first half of the two week cur-
riculum, prior to the final presentation, but after the students
had explored four of the eight stations. Importantly, this
takes place immediately after Addie’s group visited the sta-
tion where they intentionally broke a magnet. Below, Addie
explains her most recent model to Dr. Streatfield, which in-
cludes the dipole "molecules.” Dr. Streatfield then provides
scaffolding to encourage Addie to think about predictions she
could make with her model.

1. Addie: I have a new theory about the other station.

2. Dr. Streatfield: Oh okay, so this is station 6 [the bro-
ken magnet station]? Okay?

3. Addie: I'm thinking each molecule [has] one side and
the other side. And then, if you split it in half, the mag-
net always has two poles, because the molecules <in-
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audible>.

. Dr. Streatfield: I think that’s a wonderful explanation.

. Dr. Streatfield: So would it be different if I split
the magnet this way <indicating top and bottom> or
if I split the magnet this way <indicating right and
left>, how the halves go back together? So, what if |
split the magnet this way <indicating top and bottom>,
what’s left on this edge <pointing to the bottom edge>?

. Addie: The negative.

. Dr. Streatfield: And what’s left on this edge <pointing
to the top edge>?

. Addie: The positive.

. Dr. Streatfield: K. So what do you think will happen to
those two edges? What happens if I broke it this way
<indicating right and left>? What’s left here <pointing
to the left edge>? What’s left here <pointing to the

right edge>?

10. Addie: Ooooo! that’s why the magnet is <inaudible>
together.

11. Dr. Streatfield: So, do you think with this kind of think-

ing you could pick out, what was the... So do you

think you could figure out which is north and which

is south on this [disk magnet]? So is it north/south

<pointing to the top and bottom>, or is it north/south

<pointing to opposite edges>? That’s your next mys-

tery, you’ve done so well, I bet you could figure it out.
Initially Addie asks Dr. Streatfield to look at her new model,
in which she describes each "molecule" having two poles, the
same way the magnet does (line 3). Dr. Streatfield then asks
Addie to make predictions about what would happen if you
broke the magnet different ways (line 5), providing scaffold-
ing to push Addie to use her model to make these predic-
tions (lines 5-9). Addie’s exclamation suggests that she un-
derstands what is happening with her model (line 10), which
leads Dr. Streatfield to ask for another prediction about the lo-
cation of the poles on the disk magnet (line 11). This episode
is significant because Addie alludes to of the use of evidence
about breaking magnets in her sensemaking and because of
the scaffolding Dr. Streatfield provided to help Addie think
about using the model to make a prediction.

C. Episode 2: Determining Orientation

In this episode, Addie and the other students use a disagree-
ment, evidence, predictions, and questions from Dr. Streat-
field to come to an understanding about the orientation of
the magnetic poles and the "molecules” in the magnet. This
episode occurs on the penultimate day of instruction as the
students are drawing their group model, the day before the
final presentation. Below, the students are disagreeing about
how to orient the "molecules." To help resolve this disagree-
ment, Dr. Streatfield asked the students to make predictions
with their models and use evidence to support their models.
Importantly, she provided them with a means to collect addi-
tional evidence, and this new evidence supported the students



coming to a new agreement about the disk magnet.

1. Dr. Streatfield: The other thing you show me [is] pluses
and minuses on this side, and minuses and pluses on
this side. What evidence do you have for that?

. Addie: I don’t really understand why Evan drew it like
that?

. Dr. Streatfield: How would you put it?

. Addie: I would just put it all the same because there is
a north pole and a south pole.

. Lucia: I don’t know, I’m just assuming... I can see
why he did that though, because he did say that if you
broke this magnet in half, you wouldn’t be able to
put it back together.

. <...Dr. Streatfield encourages the students to compare
the models and make predictions using the models...>

. Dr. Streatfield: Well, let’s say, where’s the positive
pole? Where’s the negative pole? So yours definitely
has an orientation, does Evan’s have an orientation?

. Addie: Not really, but like with mine... If you break it
one way then that repels but if you break it another way
that attracts.

. Dr. Streatfield: So maybe neither of these are perfect.

So far whose makes the most sense given the evidence?

I’m going to show you some bar magnets.

<...Dr. Streatfield leaves and returns with the magnets.

Dr. Streatfield encourages the students to label their

models and draw the magnets from different angles...>

Addie: I wish we could break a magnet this way.

Dr. Streatfield: Ooh, what do you think you’d see if

you broke it that way?

Addie: I think they’d attach, I’'m not sure.

Dr. Streatfield: Can you draw it out for these guys?

See if you can give them some evidence and help them

walk through your thinking?

Addie: So, they’d attach like this, but then I flip it

and it does not attach. So that makes me think that

this is the side of the magnet. I think it’s split like that.

See what I’m saying? I was just, I was doing it upside

down.

While the students are disagreeing about the orientation of

the microscopic dipoles, Dr. Streatfield stops to ask for ev-

idence (line 1). Addie and Lucia provide contradictory ev-
idence (lines 4 and 5). Dr. Streatfield nudges the students
towards resolving this disagreement by proposing ways of
comparing their models and encouraging them to make pre-
dictions. Addie is concerned because her model predicts the
magnet should go back together if broken one way but not if
broken another way (line 8). Dr. Streatfield recognizes the
confusion and provides important scaffolding by encourag-
ing the students to use evidence obtained from bar magnets

(line 9). This allows Addie to recognize the different behav-

ior of the two types of magnets (line 13), and that her model

is correct (line 15). Thus, during this pivotal moment, the
disagreement is resolved through the inclusion of additional
evidence and predictions.

10.

11.
12.
13.
14.

15.
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V. DISCUSSION

This case shows how a 7th grade student used a modeling
approach to determine foundational ideas about magnetism
that the literature says is difficult even for older students and
adults [1, 2], for example, many adults have a monopolar
mental model of magnetism [25]. Importantly, this student
was able to deduce that the microscopic parts that make up
magnets are dipoles and that the orientation of the dipoles
determines the orientation of the poles for both bar magnets
and disk magnets. She then used this knowledge to make a
prediction about breaking a magnet.

The pathway that this student took to come to this under-
standing uses her own confusions, evidence and supporting
scaffolding from the teacher. Addie initially thought that the
"atoms" in the magnet were monopoles, but this idea failed to
explain the behavior of the broken disk magnet. This con-
fusion led to her developing a model that included dipole
"atoms." After explaining this model to Dr. Streatfield, Dr.
Streatfield encouraged her to make some predictions about
what would happen if her model was broken one way vs. an-
other way, then encouraged her to determine the location of
the poles on a disk magnet.

Addie was confused about how the poles are oriented on
a disk magnet. She explained that she determined the orien-
tation of a disk magnet by comparing the behavior of a disk
magnet to the behavior of a bar magnet. We find that this
exploration with bar magnets occurred during a disagreement
within her group about how to orient the dipoles. The resolu-
tion of this disagreement resulted in her correctly identifying
the poles of the disk magnet, and drawing the microscopic
dipoles to align with the macroscopic dipoles. Finally, Addie
uses her model to make a correct prediction about breaking a
magnet.

As a single case study, this work is important for docu-
menting what is possible with using a modeling approach to
learn about magnetism. Here we showed that this success oc-
curred through the thoughtful use of evidence along with ad-
ditional supports in the form of discussion and disagreements
with others. The literature has documented the importance
of modeling in physics instruction [7—17], but less work has
documented pathways of how this success occurs and rele-
vant factors. Here we showed the importance of key evidence
in contributing to this instance of successful learning. Open
questions remain about how this experience differs from that
of Addie’s peers or from similar experiences with undergrad-
uate or elementary learners.
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