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Figure 4-5 Set up for Robert's greenhouse gas lab.

Melissa: Student Explanations

Melissa mainly uses models as evidence to help students understand an idea. She
begins most class periods with a question written on the board and is usually followed up
with Melissa using models to demonstrate a solution to the question. For example,
Melissa spent one class period on the cause of the seasons. She began the class period by

drawing a picture (Figure 4-7) on the board (Observation 11, 4.47) and asking the
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students to explain what they think is happening in the picture: “Is the Earth on a fixed
tilt? Or is it a tilt that goes back and forth? From your lab that you did, have you
discovered that yet?” (Observation 11, 4.51). After allowing a few students to respond,
Melissa provides them with information about what the picture represents (Observation
11, 5.33). Then, the teacher breaks the class into small groups and sends them into the
lab, where she has provided them with materials and a handout with lab procedures and a
few corresponding questions. She expects the students to follow the procedures because
she constantly reminds them to do so (Observation 6, 8.27), which indicates that the
procedures are aimed at providing the students with specific evidence to convince
students to think about the concept the way the teacher does. Melissa appears to be
presenting students with the big idea of the day’s lesson, first by hearing their ideas, then

telling them, and then by showing them during the lab procedure.

Modeling Teacher Perceptions

Access prior knowledge

Generate draft model /Share information

Display model Critique model publicly

Figure 4-6 Summary of Robert's observed use of model-based inquiry and his perception
of model use.

During Melissa’s lab, she spends the majority of her time visiting each group to
answer questions or check on progress. Some comments she makes during her small

group visits include, “You decide based on what you see” (Observation 11, 17.19) and
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“In my orbit around the sun, when I get to here, where is the axis pointing? It’s pointing
away from the sun” (Observation 11, 15.24). However, she will also clarify lab
procedures for the students by showing them what she expects them to do (Observation
11, 15.09). During these small group labs, the teacher is providing the students with
exactly what she wants them to do, which indicates that she is trying to convince the
students to understand the concept in the way she understands it. By asking students to
explain their ideas explicitly, she is attempting to get a better picture of what the students

currently understand about the concept in order to move them towards her conception.

Spring
Summer
Winter

Figure 4-7 Recreation of the figure Melissa drew on the board for her class to discuss
regarding the cause of Earth's seasons.

At the end of the class period, Melissa speaks to the whole class again, reiterating
the idea that Earth’s seasons are caused by the tilt of the Earth rather than the Earth’s
proximity to the sun, which is the big idea she wants the students to understand from the
day’s lesson (Observation 11, A3.07). Melissa’s actions in her classroom indicate that she
is interested in helping her students understand one big idea; which she tells them, shows
them using models as evidence, and then tells them again. Throughout this process,

however, she does ask students for constant feedback, using information-seeking
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questioning and by asking for students to explain their ideas, which will be discussed
further in the next section.

Melissa’s approach to using models within inquiry utilizes the “make prediction”,
“gather data” and “derive evidence” stages. Melissa asks students to brainstorm ideas
during group work before they begin their labs. Models are frequently used during this
stage, however they are usually something the teacher presents the students, such as a
drawing on the board or a demonstration, rather than a student-generated draft model.
The teacher set up the lab materials for the students and provides them with a procedure
to follow. Therefore, the students did not generate a test themselves, but they did use lab-
based models to gather data and derive evidence. Rather than utilizing that evidence to
create models of their own, students use the evidence to generate explanations (i.e., make
a claim) about the science concept. The explanations occur as a result of the evidence
collected from models, but students do not create or modify models based on the
evidence provided. A summary of Melissa’s observed inquiry practices and her
perceptions of her inquiry practices is portrayed in Figure 4-8, which is framed after the

theoretical case presented in Chapter Two.

Jonathan: Construct, Gather Evidence, Evaluate, Modify

Jonathan uses student-constructed models just about every day in his classroom.
When students are gathering information, he uses worksheets and videos as a part of their
information gathering process; and that information is always centered on the
development or revision of a student model.

Jonathan’s unit consists of a large, multi-step project where the students work in
groups to design, build, test, modify and evaluate a solar cooker. The teacher begins the
project by providing students with information about solar cookers (Observation 12,
4.15) and does so by explicitly mentioning the big idea for the unit: “The big idea is

what? Why are we doing this? ... By turning on our stove or burning charcoal, what are
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we doing? ... We are trying to eliminate greenhouse gases [by using solar cookers]”
(Observation 12, 5.50). Then, the students worked in small groups on a design for their
solar cookers, utilizing a worksheet that guides them step-by-step through decisions they

should be making before building the model, such as what materials are most reflective,

what material absorbs most heat, and where absorbent/reflective materials should be

placed relative to the sun and to each other (Document 4). After students draw a draft

design of their model, the teacher approves it and the students begin to build.

Modeling

Access prior knowledge
Create model
Gather data

Derive evidence

Explain ideas/ make
claim

Teacher
Perceptions
Brainstorm
Build model

Gather data

Derive evidence

Generate explanations/
make claim

Figure 4-8 Summary of Melissa’s observed use of model-based inquiry and her

perception of inquiry/model use.

Once the students build their physical model, Jonathan asks them to test their

solar cookers by using thermometers to collect temperature data (Observation 14, 20.20),

and then make necessary modifications (Observation 15, 10.38). As the students build,
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test, and modify their models, the teacher periodically provides them with relative
information, using either a brief lecture format, such as when he presented his students
with the equation for solar energy (Observation 14, 15.55), by showing a You Tube video
that provides students with potentially useful information, such as the video describing
how a working solar cooker was constructed (Observation 12, 37.51), or by providing the
students with information sheets providing them with informative websites about
methods to harness the suns energy (Document 6). This behavior indicates that Jonathan
is trying to provide students with information that will guide them towards a better solar
cooker design, and having them collect data from their models can provide students with
evidence needed to convince them that their ideas about how solar cookers work might
need to change. However, he did not require that the students utilize the information he is
providing; rather, he encourages them to reference these sources as they are modifying
their models. Jonathan appears to be serving as a resource for the students, either by
utilizing direct information transfer, such as when he says, “From the picture, you could
say that the globe is naturally changing.... But there are other explanations we have to
look at as well” (Observation 17, 18.31). Jonathan will also provide them with outside
sources to help the students gather information on their own (Document 6); ultimately it
is up to the students as to whether or not they will utilize any of this information.

After a few weeks of data collection and modification of student solar cookers,
Jonathan had each group share what they learned about harnessing the energy of the sun
with the rest of the class (Observation 21, 21.38). He provided a grading rubric to the
students, which outlined findings that they were expected to report to the class. He asked
them to provide a detailed description of how their solar cooker design worked most
effectively to harness solar energy, discuss pros and cons of solar energy, use at least one
visual, and cite appropriate resources. The visual representations the teacher suggested
his students use included various types of models, such as graphs, pictures, drawings, and

tables (Observation 15). While students presented, the rest of the class was generally very
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quiet, only asking a few clarification questions to the presenting group if they asked
anything at all. The teacher asked each presenting group various clarifying questions,
such as “That was one of your redesign features, right?” (Observation 21, 24.01), and
even presented new evidence on occasion like, “Maybe if we had a thicker plastic
material, it wouldn’t have been as affected by the wind” (Observation 21, 27.31). In one
instance, the teacher asked the class if they had any questions for the group, one student
asked a question about which variable the group tested and the teacher provided a
response on their behalf, saying “Sounds like they focused on the reflectors”
(Observation 21, 34.20). The dialogical interactions that occurred throughout this unit
will be discussed in detail in the next section.

After each group presented their findings, the teacher spent some time talking to
the whole class in order to emphasize the idea that the variables changed in the solar
cookers to make them warmer also applies to the atmosphere to cause global warming.
He also told the students that he is looking for their ability to apply what they learned
about their solar cookers to the issue of climate change. This indicates that Jonathan had
clear learning goals for the students and wanted to be sure they got it. He told his

students:

All words from the word [bank] must be addressed [in your
final project]... These aren’t all the words we saw this unit, I
picked out the big idea words. The ones that I want to see that I
think you should know and I want to see what level you know
them at. (Observation 22, 4.31)

Jonathan’s use of models in inquiry utilizes the SE approach and also aligns fairly
well with the theoretical framework presented in Chapter Two. His students gather
information about the project before they “generate a draft model”. The students decide
what variable they will test, which indicates that they are making a prediction because
they have to choose one aspect of the model that they believe could maximize the results.

After choosing their variable, the students determine how they will test it, “gather data”,
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99 ¢

“derive evidence”, “modify the model”, and then retest and modify the model again.
Most groups of students did this three times; others did so more often. While preparing to
share their models with the rest of the class, they generated a claim that was not clearly
linked to the testing or modifications made to their models. Each group then shared their
models and claims with the class, but critique and negotiation of the models or claims
was not evident; which will be discussed further in the next section. A summary of
Jonathan’s observed inquiry practices and his perceptions of his inquiry practices is
portrayed in Figure 4-9, which is framed after the theoretical case presented in Chapter

Two.

Models Were the Focal Point of Conversation

Models were used as dialogical focus points during class discussion and the
teacher interacted with students in ways that moved discussion towards the teachers’
conception of the phenomenon. Each teacher in the study used a combination of both
small group and whole-class discussion, generally presenting models for students to talk
about. All teachers asked students to do some model construction; however Robert and
Melissa did so in a structured environment with pre-determined expectations of what the
models should look like, whereas Jonathan seemed to have less structure and placed more
emphasis on the students being able to come up with their own model designs based on
what each group wanted to experiment with. Regardless of how models were used to
drive discussion, when the teacher took part in the conversation, they each had their own
methods to help move student conversation towards a better understanding of science

concept.

Robert: Small Group to Lecture

In Robert’s classroom, the class period begins with students working in pairs to
draw a representation of the greenhouse effect. During this process, students worked in

small groups and Robert had short discussions with each group (Observation 2, 19.1).
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The teacher is observed providing feedback to the students as well as reminding them of
any specific elements that should be included. He often asked students to be sure certain
terminology was included in their drawings, such as “reflection”, “absorption”,

“evaporation”, etc. In some cases, he was responding to student questions; such as when

a student asks for clarification about evaporation, he responded by saying “Well, the heat

Information gathering Engage students
Draft model Explore models
Generate test Experiment
Gather data
Derive evidence Explain Concepts
Modify model Elaborate/Apply
Make claim
Share model publicly S mggs:iiﬁd 2l

Figure 4-9 Summary of Jonathan’s observed use of argument-based inquiry, model-based
inquiry, and perception of inquiry/model use.
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comes from the sun, right?” (Observation 2, 25.47). In others he was providing feedback
on the student’s models, such as responding to student questions with an affirmative
“yep!” Or by providing further information when needed (Observation 2, 19.1).
Although Robert instructed students to construct models by having them draw out
the greenhouse effect, carbon cycle, and water cycle, there is no evidence that the
students have the opportunity to use the models as a way to publically explain their
understanding of the concept. Instead, Robert asks them to post them at the front of the
room and then leads the class on a sort of whole-class discussion where the he asks the
students for information and they respond. Often, responses are in the form of 1-2 words
and are guesses as to what the teacher has in mind. He frequently calls on a number of
students before getting the response he was looking for. Although the student-generated
models are available, the teacher spends the majority of the time talking and only rarely
points at one of the models, but not in a way that clearly links the model to the point of
conversation. In observations, he is seen waving his hand at several of the drawings, but
does appear to point at specific aspects of the drawings that associates with the concept
he is verbally discussing. It is possible that the teacher’s gestures are informative to
himself, however it is not clear from observations that his gestures would be informative
to the students (Observation 2, 30.14). Generally, these models are rarely talked about in
the group conversation.

The whole class discussions that occur in Robert’s class seem to be an
opportunity for Robert to pass along information to his students. Although he does ask
his students questions, in classroom observations he appears to be looking for a specific
answer because he will accept or reject student responses. When students ask the teacher
questions, he responds with information either by giving a direct verbal response

(Observation 2, 8.48) or by drawing a model on the board to provide information

(Observation 2, 7.57).
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The dialogue that occurs in Robert’s classroom is not conducive for critique and
negotiation of models because student talk is generally limited to providing answers to

questions or asking questions.

Melissa: Lecture to Small Group to Lecture

During whole group discussions, Melissa frequently asks her students for
information, such as “what kind of energy is coming out of that light bulb?” After
students responds, she generally provides feedback or follow up information, like “I
would say that electrical [energy] would light it up but I wouldn’t say that’s what’s
coming out of it. [Student responds] I would say thermal is definitely a byproduct of
what’s going on ... [student responds] there you go! Electromagnetic” (Observation 7,
12.02 & 43.43).

Many times, she clarified statements students made by rephrasing them
(Observation 7, 26.53) or expanding on them (Observation 6, 5.44). At these times, the
teacher is generally showing the students a model in the form of a drawing, video, or
physical demonstration; she uses evidence from these models to emphasize a concept to
her students by explaining the concept in detail to the students (Observation 6, 6.06).

During small group work, Melissa spends a lot of time asking students to explain
their ideas (Observation 7, 26.27; Observation 11, 15.24) using the data they collected
from the model-based lab experiment (Observation 11, 2.05) and reminds students that
they should be discussing their ideas with each other: “I don’t want to hear you answer, |
want you to talk among yourselves” (Observation 6, 17.03). She frequently reminds
students that their explanations should come from the data they collected, which indicates
that she is expecting student explanations about the concept to come from evidence from
the model. Melissa does not always rely on the model to provide evidence for the

students; occasionally she will interject information to help move students towards her
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understanding of the concept, such as “our responding variable is the change of
temperature. Everyone should be writing that down” (Observation 9, 11.17).

In general, Melissa uses a variety of techniques to pass along information to her
students. She begins by asking the students for information in a whole class setting
(confirming or rejecting student responses), having the students gather information on
their own in a well-structured lab-based setting using models as the source of evidence,
and then reminding the students what they should have learned from the lab by telling
them what she thinks they should know. To assess student learning, Melissa provides
students with a worksheet where they are expected to report the evidence they gathered
from the lab, as well as explain in their own words what they learned from the lab.

The role dialogue plays in Melissa’s inquiry/modeling approaches generally
involves whole class discourse during the “brainstorming” and “asking questions” stages.
Melissa provides the students with a model and asks the students to think about what is
happening in the model and brainstorm ideas. The teacher does most of the talking, but
she will occasionally ask a few students to share their ideas with the class. Otherwise, all
ideas and explanations are usually written down in the lab report and turned in to the
teacher for grading. Students share their ideas in small groups during lab. Although there
is little evidence to determine whether critiquing of models occurs during these small
group discussions, the teacher is often heard asking her students “why”” and asking them
to explain their ideas. These types of questions could lead to negotiation and critique of
student ideas, but it may not necessarily lead to creation and negotiation of the model,

since the evidence for student claims came directly from the model itself.

Jonathan: Interacting with Small Groups

In general, Jonathan asks his students very few questions while they worked in
small groups; generally, he walks around and quietly observes the groups or directs them

to requested supplies (Observation 19, 5.29). When the teacher does interact with groups,
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he is often asking them “why/how” questions like “how did you adjust the amount of
absorbers?” (Observation 21, 24.27) and asking them to modify their models based on the
data they collected, saying things like “If you could start from scratch, what’s the one
thing you would really do differently?” (Observation 21, 33.26). He will also frequently
clarify student statements by restating what they said, like, “So [you are saying that] the
major thing you changed was the angle [of the reflector]” (Observation 21, 38.12).

Even though Jonathan does not interact with student groups very often,
observations suggest that the groups seem to hold their own conversations without
probing questions from the instructor. When Jonathan does speak with a group, he
generally provides them with information that is intended to improve model design.
Although this provides students with evidence to better their design, it is possible that it
may eliminate the need for students to discuss that aspect of their design; hence hindering
depth of idea exchange. For example, in one class, students in one group were discussing
how to angle the reflector of their solar cooker to maximize sunlight (Observation 13,
7.03). While discussing the pros and cons of several options, Jonathan approaches the
group and gave them some specific design suggestions: “You could just try... putting
construction paper there ... it could start to help some” (Observation 13, 15.41). After his
interaction, the students in the group did not discuss their previous design options any
further; rather they sat in silence making the changes that the teacher suggested. This is
one example of how this teacher goes about using dialogue to move his students toward
his own understanding of the concept, which shut down the ideas students were
developing for themselves.

During whole-class discussion (Observation 22, 4.31), Jonathan spent most of the
time presenting information to his students, by showing them temperature change graphs,
explaining the mathematical formula for solar energy, and showing them YouTube
videos about sources of energy (Observation 19, 7.33). He did ask some probing

questions, like “What do you think of [when you look at this graph]?” However, he also
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asked a lot of information-seeking questions, such as “what happens to air around the
globe? Is it constantly moving or does it just stay stationary?”” (Observation 17, 15.07).
Additionally, student responses to his questions were usually followed up with some sort
of evaluation or feedback, like “that was one of your redesign features. You actually
removed that flap because it was shading” (Observation 21, 24.01). This dialogue
exchange indicates that the teacher is trying to provide students with specific information
that will support his understanding of the concept so that the student’s understanding will
eventually align with his. This type of interjection by the teacher did not support
negotiation of ideas within the small groups.

After students construct, evaluate, and revise their models, Jonathan has the small
groups present their design and findings to the class. Jonathan was the only teacher that
specifically asked students to discuss the limitations of their models during group
presentations. As students present the temperature data they collected from their solar
cookers, Jonathan asks them questions such as, “was there one thing that you guys felt
was the biggest factor to keeping your temperatures from getting as high as you wanted
them to?” (Observation 21, 32.3). Also during these presentations, Jonathan would
request that students ask the presenting group questions (Observation 21, 27.47), but
would sometimes respond to student questions for the group, such as in one instance
where he clarified a student’s question towards one of the groups by saying, “so what
he’s asking is, of the equation, what is the one thing you guys really think you focused
on?” Then responded on behalf of the presenting group, saying, “... sounds like they
focused on the reflectors” (Observation 21, 34.20). Most frequently, the class was quiet
during these presentations, and the teacher asked the majority of the questions
(Observation 21, 27.49).

Based on the student talk that occurs in Jonathan’s class during small group work,
he generally supports student exchange of ideas by not interacting with them unless they

request his attention. Most talk occurred between students within their small groups about
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constructing, testing, and modifying their models. When students present their models
and claims to the class, there is generally very little discussion between the students.
Jonathan tends to ask most of the questions that lead to critique of the models and claims.
In general, there is not much evidence to indicate that critique and negotiation of models
occurs during large-group discussion. And during small group discussion, teacher

interjections rarely support negotiation of student ideas.

Challenges Teachers Have While Using Models

The teachers in this study express concern about the role models play in a
classroom with time constraints and uncertainty about how to use models in a way that
they believe best helps students learn. When asked how they would describe a science
model, all the teachers struggled to respond, which could be an important factor in the
challenges they face implementing models. All of them eventually resorted to providing a
list of examples that they believed were models, which were all physical representations.
Teachers discussed how they were useful to explain concepts, but none of them discussed
the representative nature of models except for Melissa, which will be discussed in more
detail later.

Since all teachers struggle to describe models as anything other than simple
physical representations, it could be a factor in the challenges teachers specifically
mention in interviews. Teachers expressed being worried about a) time restraints and b)

how well students connect their individual conceptions with that of the model.

Time Constraints Limit Model Use
Challenges in the way of time constraints can come in a variety of forms. For
Robert and Melissa, challenges are external to themselves, in that students are limited in
their inquiry abilities or the teacher feels pressure from her colleagues to cover a lot of
material in a short amount of time. For Jonathan, the challenges are more internal and

have to do with the learning connections between the content and the models within the
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allotted time. Although the challenges teachers perceive vary across the three, time
appears to be a consistent battle among all three teachers.

Robert expressed in an interview that his students in his class have limited prior
experience with inquiry. Although he has an idea what his approach to inquiry would be
in an ideal classroom, his ability to use models the way he envisions is somewhat limited
since he cannot utilize inquiry to the extent he wants to. When Robert does use inquiry, it
takes time to do so because his students lack experience making the necessary conceptual
connections. As Robert said, “There’s not a lot of connections between thinking and
doing, there is a lot of doing but not a lot of thinking” (Interview 3, 5.45). Since Robert’s
students struggle to make connections between what they are doing and the concepts he is
trying to convey, it would make sense to assume that the students would also struggle to
make connections between a model and its associated concept.

Like Melissa, Robert tries to cover a lot of material in a short amount of time. But
unlike Melissa, who feels pressure from her colleagues, Robert tends to put this pressure
on himself. He appears to have high expectations of the amount of material he wants to
cover during his climate unit as evident by his final project for the professional
development, which was a presentation of a very extensive conceptual map that
interconnected a wide variety of concepts of energy, climate, weather, and conservation.
In interviews, Robert says that he implemented the climate unit into his classroom based
heavily on influences received during the professional development; however, his climate
unit could only extended across five class periods because the content from the rest of the
semester-long course ran long. As a result, he felt that he was unable to make the
majority of the connections he intended to.

Melissa feels pressure from her fellow teachers to cover a lot of content in a short
amount of time, which she believes makes it impossible to do true inquiry. To use
inquiry, and hence modeling practices, would take her “weeks” to cover one topic when

she feels that she realistically only has “a day”. Based on her expressed limitations, she
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feels she needs to utilize a “more direct route” (Interview 6, 6.06) to teach content in her
classroom. In an ideal classroom, Melissa said she would have the students design their
own models to collect data from and make claims about the validity of the model they
designed. After determining their models weaknesses, she would have them revise their
models and test them again. “But I don’t have the time to do that unfortunately”
(Interview 6, 00.00). As a result of this challenge, she compromises on her approach to
inquiry by building models for the students rather than having them build models
themselves. Melissa recognizes that this is an inherent problem, because students have
their own ideas, and looking at someone else’s idea doesn’t necessarily mean that they

will change theirs.

That’s one big problem is that I have an idea of where I want
them to go and I’'m giving them materials hoping that they’ll
see my idea. But, you know, everybody has their own idea. So
that’s a challenge. (Interview 6, 19.53)

Unlike Melissa, Jonathan perceives himself to have some leeway in the content he
is required to cover in his class; and unlike Robert, he feels very fortunate to have a group
of students who are exposed to his inquiry approaches during their seventh grade biology
class, and then again during their eight grade physical science class where he teaches his
climate unit. As a result, Jonathan does not appear to be challenged by external pressures
the way that Melissa and Robert do.

Although Jonathan doesn’t mention time constraints specifically when asked
about the challenges he faces incorporating models into his classroom, he does imply that
time limits him to some extent. He feels that he frequently has to decide between
covering certain content knowledge in detail and having the students take part in an
inquiry-based activity. Since Jonathan does not feel external influence to cover specific
content knowledge, he makes the decision that the inquiry process will get the majority of

class time. As he explains:

I don’t get too caught up in the content. Are these kids going to
remember every little fact later on down the road? No. So |
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kind of have to step back every so often and remind myself of
that. It is the science skills that I’'m really after, in the
modeling, in the redesigning, and then in the assessing. And
that’s why I kind of hit the big ideas. (Interview 9, 13.12)

Robert is the only teacher that mentions management issues with relation to time

constraints. As he says:

It’s always hard when you have inquiry, management-wise,
when you open up projects for them to be self-guided and self-
disciplined you have to constantly get them back on track.... It
takes a lot of energy. (Interview 2, 0.12)

Besides taking a lot of energy, his challenge is to redirect the students during self-
guided activity in order to be sure they are making the necessary connections between the
model and the concept within the allotted time. To help assure that his students are
making the conceptual connections between the model and the content, Jonathan tries to
discuss the relationship between the solar cookers and Earth’s atmosphere as often as
possible, which draws students a direct link towards the big idea. He also utilizes
informal assessment strategies as well as the formative assessment unit project. And he
admits that next year the unit may look different from the current one, depending on

student learning outcomes.

Correctly Connecting the Science Concept to Model

Teachers are concerned about how well students connect their individual
conceptions with that of the model as the teacher intends them to. All teachers used
models as evidence as a way to help students understand their conception of a science
concept. One result of this strategy is a concern that students are not making the
connections that the teachers intended them to. For Robert, students seem to miss certain
aspects of the models that he feels are very clearly represented. For Melissa, models are a
representation, which can lead to student misconceptions. And Jonathan’s main concern
was whether or not students were making connections from their models to the big idea

of the unit. For the teachers in this study, all of these concerns are inherent challenges
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when utilizing models to teach about science content. The similarities between the three
teachers indicate a concern that students may not be able to connect the science concept
to the model the way that the teacher intends.

Robert said that he occasionally feels unsure that his students were able to make
the connections between models and the science concept. In one case, he noticed that
common misconceptions were coming up in class discussions; despite the models that
they drew indicated something different. He attributes this to the students focusing on one
aspect of the model, and not taking a look at the model as a whole. “Some people got too
fixated on one point, but totally ignored another point” (Interview 3, 19.57). Robert
believes that this is a problem because he wants his students to gather information from
their models as they are drawing them. The point is to get them to “recall stuff that they
should have remembered, but might not have been in the forefront of their mind”
(Interview 3, 20.44). When students do not do this, Robert worries that they are
developing conceptions from the models that do not align with what he intended them to
develop. His approach to dealing with this issue is to provide his students with missing
information during his lectures.

Melissa was the only teacher that discussed models being a representation of
reality, which was a notable concern for her when using them in her classroom. She uses
models to explain a concept to students so that they understand the concept the way she
does. As she says, “I’m trying to hope that they get to where I want them to be [when
using models].”

Melissa’s main concern is that students will not understand that the model is a
representation of something, and not the actual thing, which will lead them to developing

conceptions that align literally with the model. As she explains:

The whole time I’'m doing this I’m thinking, ok I’ve got to
break down their misconceptions, but not give them more...
because it’s so easy for a kid to come through a lab like this
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and pick up a misconception that they will not let go of for the
rest of their lives. (Interview 6, 11.25)

In an attempt to avoid this, Melissa says that she likes to go over every lab with
notes, encouraging her students to change the answers to their lab questions based on the
information she provides (Interview 6, 12.10).

Unlike Melissa and Robert, Jonathan was concerned about how to help the
students connect the big idea of the unit to the science concepts that develop as they use
their models. Although he believes that students were excited about their projects and
were learning about climate change issues, he was not sure how well they understood that
the sun drives all energy on earth, which is connected to both weather and climate. To
address this concern, Jonathan says he will attempt to draw the connections for them by
telling them what he wants them to know. He believes that he as to do this because the
students are either too young or too inexperienced to make the connections themselves,

which is why he has to repeatedly make it for them. As he says:

I think this is a little bit early of an age, maybe, to do some of
this stuff... because they’re not as educated yet on these topics,
so I have to keep going back to the big ideas... there are some
issues with the age I think. (Interview 2, 2.52)

Although Jonathan attributes this to the student’s age or lack of experience with
the subject, his, Robert’s and Melissa’s concerns could indicate that students are not
making conceptual links between the model and the science concept the teacher intends

the model to represent.

Summary

This chapter reported the results from data analysis of the three teachers who
participated in this study for each research question. Firstly, teachers generally perceive
models to be physical (or visual) representations of a concept, and are generally observed
using those models to explain that concept and as evidence to convince students that it

makes sense. Each teacher used different approaches to inquiry, thus also used models in
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different ways to fit with their current classroom structure, however student discussion
was almost always centered around the model; such as while students created/modified
models, tested models, or using models to explain an idea. Challenges teachers faced
were time constraints, which made teachers feel limited in how they could use models.
Teachers also expressed concern with how well students connect the concept the model
represents to their conceptual understanding. Throughout the study, Jonathan stood out as
an exception among the three teachers. This is most evident in Figure 4-3, where he uses
models to encourage student discussion more often than Melissa and Robert. Jonathan’s
use of inquiry was more complete than the other participants and also aligned the best
with the theoretical framework as discussed in Chapter Two, indicating that appropriate

use of models may be linked to the teacher’s use of inquiry.
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CHAPTER FIVE: DISCUSSION

This chapter will highlight the major findings of this research study in light of
current research in science education. First, there will be a discussion of each research
question, beginning with teacher perceptions of using science models, how teachers use
science models in terms of inquiry and dialogical approaches, and the challenges teachers
face while using science models. Each of these will focus on the three characteristics of
science models: that they are (1) representations that (2) explain and (3) predict scientific

phenomenon. The chapter will conclude with implications and limitations.

Teacher Perceptions

All teachers in the study discussed using models as a part of their science units.
Although teacher’s perceptions of model use were focused narrowly on physical
representations, such as those discussed by Gilbert et al. (2000), teachers were actually
observed using a wide variety of science models, which they did not identify in
interviews. These included scale, pedagogical, iconic/symbolic, and mathematical
models, as discussed in Harrison and Treagust (2000). This is probably the most
significant indicator that the teachers do not fully understand science models, since they
are not able to recognize models when they use them. In terms of student learning, if the
teachers do not recognize all forms of science models, their students will not be taught
how to recognize them either. Not being able to recognize science models is an indicator
that the teachers do not fully understand the characteristics of models, which is also
evident from the results of this study and will be discussed further in this section.

Teachers in this study generally perceived models to be a tool for explanation.
This is not an unexpected result, as pedagogical models have generally been used in
science classrooms as a way to explain concepts to students (Grosslight et al., 1991; Smit
& Finegold, 1995). The teachers, however, seem to indicate through both interviews and

classroom observations that models can be a useful way for students to explain their ideas
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to each other, as well as the teacher. Given that, in general, most teachers only use
models to explain ideas to their students (Edelson, 2001; Schwarz et al., 2009), the
teachers in this study appear to use models as a way to encourage discussion among each
other in a way that supports students explaining their ideas to their peers and to the
teacher. This use of models is more effective than what teachers generally do, because
having students explain their ideas is a student-centered approach to inquiry (Hand et al.,
2009; Keys et al., 1999) that aligns with what is suggested in the National Science
Education Standards (NRC, 1996; 2012).

Although teachers in this study perceived themselves using models to have
students explain ideas to each other, their perceptions of models used in the classroom
was limited to physical objects and some types of images. According to model typologies
discussed by Harrison and Treagust (1998; 2000) and Gilbert et al. (2000), physical
representations are the simplest forms of models, therefore teachers are generally found
using them in the science classroom. To help students understand the more complex types
of models, they should come to understand that all models (both simple and complex)
share the same characteristics, so that they can be aware of how both complex and simple
models are useful in scientific discovery.

Another important characteristic of science models is that they represent a
concept or natural phenomenon. It is important to make this distinction to students so that
they do not take the model literally when learning about the science concept. In
interviews, Melissa was the only teacher to discuss the representative nature of models.
She mentioned that she was worried the models she used in the classroom would lead to
student misconceptions because students would take them literally and assume the actual
phenomenon is exactly like the model, which is an important concern because it is an
important characteristic of science models (NRC, 1996; 2012; Schwarz et al., 2009;
Stewart et al., 2005; Windschitl et al., 2008; Harrison & Treagust, 2000; Treagust et al.,

2002). However, she was not observed addressing this issue with her students,
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presumably because she does not know how to effectively address the issue with them.
Jonathan and Robert did not discuss the representative nature of models at all, however
Jonathan was observed having students design, construct, and test their own models;
which according to the theoretical framework is one effective approach to implicitly
address the issue of representativeness within models (Edelson, 2001; Henze et al., 2007).
Although all three teachers were observed asking their students to make
predictions about certain science concepts, none of these predictions were in relation to a
science model. This is consistent with results from previous studies, which suggest that
teachers rarely mention that models can be used to make predictions, or observations
about the natural world that are not directly observable (Justi & Gilbert, 2002; Van Driel
& Verloop, 2002). Although models are a useful way to explain a complex phenomenon
concisely, arguably the most important role science models play in scientific inquiry is
their ability to allow scientists to make prediction, especially in climate and weather (de
la Rubia & Yip, 2008). Therefore, teachers are encouraged to teach science through the
use of the scientific process (i.e., inquiry; NRC, 1996; 2012) and the teachers were
exposed to techniques to use models as a tool for prediction during the professional
development. However, all three teachers both in interviews and during classroom
observations, overlooked the predictive power of models; indicating that that they do not
have a firm understanding of the role science models play in making scientific
predictions. It is important that students understand the predictive power of models
because science is not limited to simply explaining natural phenomenon. Without this
understanding, students may perceive models as nothing more than a way to explain a
science concept, which may encourage the perception that science is a body of concrete

knowledge, rather than the tentative, evolving body of knowledge.
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Teachers Using Science Models

Although teachers described using only a small subset of model types (e.g.,
Gilbert, 2011; Harrison & Treagust, 2000), each teacher was actually observed using a
wide range of models. For example, Robert believes that his student drawings count as
models; however, he does not discuss the laboratory set up as a type of model (flasks
representing an atmosphere with various greenhouse gasses), nor does he discuss the
graphs his students generated to analyze their results. Of the class time observed, Robert
spent approximately 68% of the time working with models, which is the largest ratio of
all three teachers in this study.

In interviews, Melissa chose to list examples of models rather than come up with
a generalizable description for models. She was able to identify the majority of the
models she was observed using during her unit, including drawings, laboratory exercises,
graphs, pictures, videos, and three-dimensional objects (Harrison & Treagust, 2000).
Melissa used the largest variety of models among the three teachers in this study. Of the
observed class time, Melissa spent approximately 64% of the time working with models.

Jonathan used the fewest variety of models amung the teachers, however of the
58% class time students spent working with models, his students spent considerably more
time using the models to explain ideas to each other, rather than the teacher using models
to explain concepts to the students as Robert and Melissa did. Jonathan mostly used
three-dimensional representations as models (which the students constructed and tested),
graphs, and online videos.

In the following sections, results between each of the teachers’ approach to

teaching science models will be discussed in terms of (a) inquiry, and (b) dialogue.

As Forms of Inquiry
One major finding from this study is that each teacher used models within their

own specific approaches to inquiry. The implication of this is that each teacher found
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their own way to incorporate models in their classroom without a specific approach or
curriculum. Although some approaches align with the theoretical framework better than
others, it is important that the teachers felt like they had freedom to use models however
they perceived would fit for their teaching approaches. Robert used the fewest elements
of inquiry in his classroom, yet his students spent a considerable amount of time using
models; model use was not very student-centered because they were only used to obtain
student’s prior knowledge on the topic or explain a concept to students. Conversely,
Jonathan used many elements of inquiry throughout his unit and model use was more
student-centered than the other teachers, playing a role in just about every element of
inquiry used. This implies that Jonathan’s comfort with using inquiry in his classroom
allowed for more appropriate use of science models in his classroom than the other
teachers in this study, which is a very important implication of this study. For teachers to
use models appropriately in a student-centered environment (such as inquiry), it may be
important that they are comfortable using inquiry approaches before they are asked to
utilize models appropriately.

Even though every teacher had his or her own approach to inquiry, some
similarities did emerge. All teachers used models as evidence to help students understand
a science concept the way the teacher understands it; which is what research tells us
about how most teachers usually use models in the classroom (Schwarz et al., 2009;
Edelson, 2001), hence this result was not suprising. However, teachers were rarely
observed asking students to make predictions based on the science models and/or
evaluate science models, which is an important way for students to understand science
models (Edelson, 2001; Henze et al., 2007; Schwarz et al., 2009), especially when using a
student-centered approach to learning, such as inquiry.

Although teachers had their own approaches to using models within inquiry
approaches, two of the three teachers felt restricted in their ability to use inquiry to the

extent they would like to. Therefore, Robert and Melissa explain how models would be
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used in an ideal situation as well, which gives insight as to how their perceptions of
inquiry align with the theoretical framework and classroom observations. Jonathan is the
exception to the case, stating that he was able to use inquiry freely in his classroom, so he
utilized it consistently. It becomes evident that a teacher’s ability to use inquiry impacts
their ability to use models within a student-centered approach, which is best for student
learning about models (Edelson, 2001; Henze et al., 2007; Schwarz et al., 2009;
Windschitl et al., 2008).

In his ideal classroom, Robert explained that he would ask students to develop
their own procedures to answer a question. However, Robert feels that his students are
generally very inexperienced and needed more guidance that he felt inquiry would allow.
Therefore, he included students in the learning process by eliciting information from
them during class lectures and having them draw representations of scientific concepts,
including the water cycle. Based on his perceived limitations, Robert uses only a couple
of elements of inquiry throughout his unit. Of the teachers in this study, Robert’s
observed and perceived approach to inquiry had the fewest elements as compared to that
from the theoretical framework, making his classroom less student-centered than the
other teachers in this study. It is possible that since Robert’s perception of ideal inquiry
was fairly limited and incomplete, it translates into his modification of inquiry as well.
Therefore, his use of models was also limited to one specific aspect of inquiry, as well as
in the three characteristics of models, focusing on only using models to explain ideas to
students. The representative nature and predictive power of models was not addressed in
Robert’s classroom.

Melissa also felt restricted in her ability to use inquiry because she is expected to
align her lessons with those of the other ninth grade science teachers at her school. In her
ideal classroom, she would ask students to develop a procedure to test their own
conceptual understanding of a topic, then have them revise their test based on findings.

However, she is expected to cover a certain amount of material in a certain amount of
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time using the same assignments and lab assignments as the other teachers in her school.
Therefore, she feels that it is necessary to establish a procedure for her students and ask
them to explain their ideas, asking for written responses in the labs, as well as oral
responses during small group and whole-class conversations. Her ideal and observed use
of inquiry had a few elements of inquiry from the theoretical framework, but the
significant difference between the student-centered approach in her classroom and
Robert’s classroom was seen in the modeling. She was observed using models to ask
students for current conceptions on a topic, to support or challenge a students current
conception on a topic, and emphasize the teacher’s understanding of a concept to the
students; all of these uses is how science models are usually used in the classroom
(Schwarz et al., 2009; Edelson, 2001), but it includes students explaining ideas to each
other and themselves using models, not just the teacher using models to explain ideas to
the students. Since Melissa had a more developed idea of an ideal approach to inquiry
than Robert did, her use of models was more student-centered and included a more
effective use of one of the characteristics of modeling. The representative nature and
predictive power of models was still not addressed in Melissa’s classroom.

Jonathan is the only teacher in the study who does not feel external pressure to
limit his use of inquiry in the classroom and, interestingly, is also the teacher who
incorporated the most elements of model-based inquiry from the model in the theoretical
framework. He clearly states that he uses the SE approach to inquiry in his classroom
(Bybee et al., 2006), which he uses to engage students in science-oriented questions. For
his climate unit, he challenged students to construct the best possible solar cooker using
only recycled material. He asked them to come up with their own designs, test variable,
procedure, and evaluation methods, which is an effective approach to model-based
inquiry because the students were asked to create their own models based on their own
understanding of the concept (Schwarz et al., 2009; Edelson, 2001); then students shared

their revised designs and results with their classmates during whole-class discussion.
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Although his classroom included a more complete version of inquiry and was the most
student-centered of all the teachers in this study, his use of models was limited in the
same way Melissa’s use was limited. In other words, he used models to explain ideas to
students and have students explain ideas to each other, but the representative nature and
predictive power of models was not addressed in his classroom either.

Although each teacher in the study had different approaches to inquiry that
involved more or less effective approaches to using models, two characteristics of models
were consistently overlooked; the representative nature and predictive power of models.
Since teachers did not address these two characteristics in interviews or during
observations, it is clear that they do not fully understand the role models play in the

scientific process, which should be addressed in future studies.

Elements of Dialogue

Regardless of the way Robert and Melissa’s classroom discussion was designed,
the models play a role of gathering student prior knowledge and act as evidence for
teachers to explain a concept to their students. The way Robert and Melissa used models
is not unlike the way most teachers generally used science models (Schwarz et al., 2009;
Edelson, 2001; Windschitl & Thompson, 2006).

Again, Jonathan is the exception. Although models seem to serve as a way to
explain concepts to students in his classroom, they also appear to be frequently used as a
way for students to explain ideas to each other; this is a less common, infrequently
observed use for models in most classrooms, particularly because Jonathan has students
construct their own models instead of using preconstructed ones (Windschitl &
Thompson, 2006). Therefore, results indicate that the role models play in argumentation
in Jonathan’s classroom is more student-centered than the role models play in Robert’s or

Melissa’s classrooms (Schwarz et al., 2009; Edelson, 2001).
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Even though Jonathan’s classroom focuses on the 5E approach to inquiry (as
opposed to argument-based inquiry), a fair number of elements of both argument- and
model-based inquiry were evident in his classroom. This is an important finding that
suggests that since the teacher is oriented within the philosophical framework of an
approach to inquiry, elements of the approach to inquiry, as described within the
framework introduced in Chapter Two, emerged in his classroom even though he did not
specifically use that framework. In this instance, argument-based inquiry, model-based
inquiry, five essential features (NRC 1996; 2012), and the SE model all appear to be
aligned with each other, assuming the teacher uses each approach appropriately.

Even though dialogue looks different in each teacher’s classroom, all teachers in
this study used models as a central topic of dialogue among their students. Regardless of
whether teachers were asking students for ideas or sharing ideas with the students, the
teachers used models to guide discussion among students towards the teacher’s
conception of the scientific phenomenon. Research indicates that using the models as a
focal point during student conversation is more student-centered than traditional
classroom uses of models (Schwarz et al., 2009; Edelson, 2001; Henze et al., 2007),
therefore this aspect should be emphasized when preparing teachers to use models in the
science classroom. As stated earlier, it is common for teachers to use models as a way to
explain a concept to students. However, it is less common, but important, that students
have the opportunity to discuss the concepts represented in the model because student
discussion is an important element of learning within an inquiry environment (Driver et
al., 2000; Duschl & Osborne, 2002; Fischer, 1995; Hand et al., 2009; Keys et al., 1999;
NRC, 1996; 2012; Yore & Treagust, 2006).

Robert used models as a way to generate small group discussion about a concept.
He asked his students to work in small groups as they drew representations of the water
cycle and the greenhouse effect, where students discussed the concepts with students in

their groups as well as students in other groups, which the teacher supported. Robert saw
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the dialogue between students as an opportunity for them to remind each other of
terminology or elements of the process that they may have forgotten from prior class
work or the reading assignment. He does not seem to think that student learning of the
concept occurs during the discussion, although according to research it actually can
(Driver & Oldham, 1986; Driver et al., 2000; Duschl & Osborne, 2002; Hand et al., 2009;
Keys et al., 1999; Osborne et al., 2004; Posner et al., 1982). This is an important aspect
that is missing from Robert’s understanding of inquiry, indicating that he does not have
an adequate grasp on inquiry, because all approaches to inquiry involve some aspect of
argumentation for student learning (Bybee, 2006; Keys et al.,1999; NRC, 1996; 2012;
Windschitl & Thompson, 2006). Teachers should understand the argumentation aspect of
inquiry because it will lead to more effective use of inquiry, but also more effective use
of science models, because argumentation is a key aspect of the role models play in the
scientific process (de la Rubia & Yip, 2008; Edelson, 2001; Henze et al., 2007;
Windschitl et al., 2008).

Similarly to Robert, Melissa asks students to work in small groups collecting data
from models before reinforcing the information with a lecture. Rather than have students
create their own models, which would be best for student learning (Schwarz et al., 2009;
Edelson, 2001), Melissa provides the students with a specific procedure to build and test
physical models in a way that provides the students with evidence to support her own
conception of the phenomenon. As a part of her procedures, she asks students to explain
their observations to each other and to make claims about how the phenomenon works,
indicating through interviews that she believe it helps the students think critically and
learn to problem solve. Unlike Robert, this shows that Melissa believes that students do
learn during conversation, which indicates a better understanding of inquiry and the role
argumentation plays in student learning. Models, however, were only used as a focal
point for conversation among students; there was no discussion about the included

evaluation of the model or the different possible explanations that can come from the
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model. These kinds of discussions are important to help students understand the
representative nature and predictive power of models (Edelson, 2001; Henze et al., 2007).
Since this aspect of modeling is still lacking, even during student argumentation, it
indicates that the teacher is not familiar enough with the characteristics of science models
to teach it effectively.

Jonathan does not use lectures the same way Melissa and Robert do. Rather,
Jonathan provided his students with information periodically throughout the unit that he
believes should help them with their model-building assignment, essentially only
providing them with information they might need when he thinks they need it. This
approach is an effective way to help students construct knowledge, according to Posner et
al. (1982). The majority of class time is spent having the students design, construct, test,
and revise solar cookers; which is an approach to having students evaluate and revise
models (Edelson, 2001; Schwarz et al., 2009). Students work in small groups, so most
discussion occurs within the small groups as they work on the design of their models,
giving them opportunity to share ideas and come to understand the role science models
play in science (Edelson, 2001; Henze et al., 2007). In this instance, there is evidence that
Jonathan’s students are exploring the representative nature of models. However this is an
implicit approach since Jonathan never explicitly refers to their solar cookers as models,
nor does he mention that models are representations of a phenomenon and not the actual
thing. The predictive power of models is still not addressed throughout Jonathan’s
approach.

It is important to note that although Jonathan’s approach to inquiry and modeling
implicitly lead to better coverage of the three characteristics of modeling, these were
implicit and does not suggest that Jonathan has a better understanding of science models
than Melissa or Robert. A more complete use of inquiry happened to lead to better

coverage of the characteristics of models, however studies are still needed to explore how
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well students understand these characteristics of models as a result of learning through

these implicit methods.

Challenges Teachers Face

All teachers in the study expressed some difficulty using models within a
reasonable time constraint, as well as concern with their students’ ability to make
meaningful connections between the science models and the concept the model
represents; which, according to Harrison and Treagust (2009), is a very difficult thing for
students to do. However, with appropriate use of models within inquiry, it is theoretically
possible for students to make these connections (see Chapter Two). However, it does
require that the teacher understand and be invested in proper use of inquiry as well as the
role models play in authentic science. Results from this study indicate that some teachers
do not fully understand inquiry and none of the teachers have a complete understanding
of science models; which are an important part of understanding the challenges teachers
face when it comes to teaching with science models.

The first common concern among teachers was that they felt restrained by time
limitations within their classroom. Jonathan had fewer concerns with the time constraints
than Robert and Melissa did. Robert and Melissa felt restricted by external factors to use
inquiry to the extent they wanted to in their classrooms. Both teachers expressed that
incorporating inquiry was the more difficult task to incorporate than the use of models.
Teachers frequently express concern using inquiry within the confines of a traditional
classroom, however the only aspect of modeling that was consistently used among all
teachers was to foster explanations of a concept, which is what models are most
commonly used for in the classroom anyway (Edelson, 2001; Schwarz et al., 2009). Since
inquiry was seemingly difficult for these teachers to incorporate, it is not surprising that
they also had some issues incorporating all aspects of modeling into their unit as well.

This indicates that there is still a need to support pre-service and in-service teachers as
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they attempt to utilize inquiry effectively when there are external restrictions on their
classroom time.

Jonathan, on the other hand, only felt limited with his time because he felt he
needed to choose between covering content and having the students do inquiry to the
extent he wants; though he explains that he always prefers to have students do science
over learning content because he feels the inquiry is more important for the students long-
term than specific content knowledge, which is the preferable choice (NRC, 1996; 2012).
However, even though his inquiry approaches were more complete than the other two
teachers, his use of models was also generally restricted to using them as a tool to explain
a science concept. Like the other two teachers, there was little to no discussion or
application of the other characteristics of science models. Hence, it is still important that
teachers are educated in the concept of science models and the role they play in science
discovery.

Explicit discussion of the role models play in inquiry is also necessary for
teachers to use and teach models effectively in the classroom (Justi & Gilbert, 2002). As
discussed earlier, teachers both described and were observed using models as a way to
explain a concept to the students, however it is also important to emphasize that models
are representations and can be useful tools for making predictions (Edelson, 2001; Henze
et al., 2007). None of the teachers discussed or were observed using models to make
scientific predictions, and only Melissa discussed the representative nature of models, but
only in interviews; she did not bring up the issue with her students. In interviews, she
expressed concern about student’s ability to recognize that models were representations
of a science concept, and not the literal object, which is a common issue that has been
discussed in previous research (e.g., Harrison & Treagust, 2000; NRC, 1996; 2012;
Schwarz et al., 2009; Stewart et al., 2005; Treagust et al., 2002; Windschitl et al., 2008).
She recognized that students who consider the model literally may end up with new

incorrect conceptions rather than the one she is trying to convey. Since the representative



101

nature of models and their use to make predictions is being overlooked in these
classrooms, it is an indicator that the teachers either do not recognize those characteristics
of models or do not know how to adequately address them within the classroom. As
stated earlier, this is a problem that should be addressed during pre-service and in-service
education by making the link between science models and inquiry explicit (Penuel et al.,
2007). Also, teachers need more time working with and experiencing models within an
inquiry environment (such as that of authentic research) because they will be better
informed to use models effectively within their own classrooms as well (de la Rubia &
Yip, 2008; Penuel et al., 2007; Windschitl et al., 2008).

According to classroom observations, none of the teachers’ approaches to using
models aligns very well with the theoretical framework, which they were exposed to in
the professional development. Although teachers were not expected to follow the
framework explicitly, teachers who teach within the paradigm of the five essential
features of inquiry (NRC, 1996; 2012) and use science models effectively (e.g., Edelson,
2001; Henze et al., 2007; Windschitl et al., 2008) should have an approach to model-
based inquiry that looks similar to the theoretical framework. While comparing classroom
observations with the theoretical framework, at least a couple elements of model-based
inquiry were evident in each classroom; no new or unexpected elements were identified.
However, it is important to note that Jonathan’s approach had the most elements of
model-based inquiry of all the teachers. Jonathan used inquiry prior to incorporating
models and does not feel external pressure to limit his use of inquiry the way Melissa and
Robert do, therefore it is not surprising to observe several elements of inquiry in his
classroom. Additionally, he was the only teacher to mention that he believes it is most
useful that students leave his class with an understanding of the nature of science than
with specific content knowledge, which indicates that his teaching philosophy aligns well
with the paradigm of the five essential elements of inquiry (NRC, 1996; 2012). This may

explain why he was the only teacher to use science models in an effective, student-
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centered way, such as that described by Edelson (2001), Henze et al. (2007), and
Windschitl et al. (2008). Therefore, teachers should not just be taught how to use science
models in the classroom, their perspective on science education should be oriented
towards an inquiry-approach paradigm (e.g., Fischer, 1995; Keys et al., 1999; Hand et al.,
2009; NRC, 1996; 2012; Posner et al., 1982).

Implications

Teachers in this study used models as a way to explain concepts to their students.
However, teachers did not convey that models are representations and they did not use
models as a way to make scientific predictions. Therefore, the teachers either do not
understand those two aspects of modeling as defined by Schwarz et al. (2009), or they do
not know how to convey those aspects to their students. In order for teachers to use
science models appropriately in the classrooms, teacher education needs to focus on those
aspects of modeling as well as how to convey them to students effectively. This is not
just important to help students understand science models, but also to understand the
nature of science (Justi & Gilbert, 2002; Lehrer & Schauble, 2004; Schwarz et al., 2009;
Stewart et al., 2005) because it helps students understand the stable, but tentative nature
of scientific concepts.

The major argument made in Chapter Two is that model-based inquiry is the same
process as argument-based inquiry, which are both structured around the five essential
features of inquiry. Therefore, it can be said that since Jonathan was already comfortable
and experienced using inquiry in his classroom, he had an easier time incorporating
models appropriately; which is why he stood out as a contrast case among the other
teachers in this study. The implication of this result is that teachers who want to
incorporate modeling into the science classroom may have an easier time doing so if they

are already oriented towards an inquiry approach paradigm.
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This research has implications for teacher education as well. Assumptions made
in the theoretical framework were that teachers who would participate in the study were
already comfortable with some approach to inquiry in order to incorporate modeling
effectively. However, in order for teachers to use inquiry effectively, they must have a
perspective on teaching science that aligns with the five essential features of inquiry
(NRC 1996; 2012), and/or Posner et al.’s (1982) theory of conceptual change. Both of
these philosophical views on learning emphasize the importance of understanding the
scientific process, verses a focus on passing along specific content. Studies that look at
teachers who use argument-based inquiry suggest that it takes time and persistence with
inquiry for teachers to change their current understanding of teaching science from a
content- to process-based knowledge. Martin and Hand (2009) estimate that conceptual
transformation takes teachers approximately 18 months. Since the professional
development only exposed the teachers to model-based inquiry for a week, it is not
surprising that the participants in this study did not fully understand the characteristics of
science models and the role they play in inquiry. Others studies that seek to increase
teacher understanding of science models was met with similar findings (Windschitl &
Thompson, 2006). For model-based inquiry to be implemented effectively, teachers will
need to be exposed to it and practice it consistently for an extended period of time.
Therefore, it is most important that teachers are exposed to model-based inquiry during
their teacher training programs because then they will have the time and opportunity to
orient their thinking, whereas in-service teachers will have limited opportunities for
lengthy, ongoing professional development (e.g., Hand et al., 2009).

Finally, this study focused on teacher understanding and use of science models in
the classroom. Students were not involved in this study beyond the observations of how
the teacher interacted with them. This means that student learning was not considered as
a part of this study. Regardless of how the teachers understand and teach modeling and

model-based inquiry, eventually student learning becomes the most important outcome of
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using the approach. Since there are very few studies that look at how teachers implement
modeling into the classroom, it was important to consider this aspect before looking at
student learning. Future studies should begin to analyze how student learning is impacted

by various approaches to model-based inquiry.

Limitations

One limitation of this study is that a detailed analysis of the participants was
chosen in order to do a more detailed analysis on fewer teachers rather than a more
general analysis on several teachers. Therefore, the findings of this study cannot be
generalized towards a larger population of teachers. However, the detailed analysis does
provide some important findings that provide insight as to how teachers use models
within an inquiry environment and what limitations may be present that prevent teachers
from using them effectively.

Teachers in this study were specifically oriented towards one approach to model-
based inquiry through a professional development course. Therefore, findings have been
oriented towards the concepts and understanding of models that these specific teachers
were exposed to. Findings do not represent a teacher’s general understanding of science
models and likely will not apply to teachers who participate in other types of professional
developments.

Finally, data for this study was gathered using interviews and classroom
observations, so information provided by the participants were given directly to the
researcher and not through truly anonymous means. As a result, it is possible that the
information provided by the participants was not truthful in an attempt to appease the
researcher or improve their appearance in the eye of the researcher. Although steps were
taken to develop rapport with the participants, it cannot guarantee truthful responses from

all the participants in all cases.
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Summary

This chapter summarized the contributions of this study to the scientific
community. Teachers in this study showed a lack of understanding about the
characteristics and use of science models, which limited their ability to teach about the
concept of modeling fully. However, there was evidence that models could be used
appropriately in the classroom if the teacher is comfortable with inquiry and able to use it
the way they want. Future work should look at how to improve teacher understanding of

models as well as student learning from using models in an inquiry-based environment.
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APPENDIX A: DETAILED AGENDA FOR THE PROFESSIONAL

8:00 - 8:30
8:30 - 10:00
10:00 - 10:15
10:15-11:15
11:15-12:00
12:00 - 1:00
1:00 — 1:45
1:45 -3:30
3:30 - 3:45
3:45 - 4:30
4:30 - 5:00
8:00 — 12:00
12:00 - 1:00
1:00 - 1:30
1:30 - 2:00
2:00 -3:15
3:15-4:30

4:30 - 5:00

DEVELOPMENT

Monday

Welcome and Introductions

Introduction to science models

Break- Fill out registration forms

Energy Basics seminar

Make Individual Posters about current unit concept flow,
lesson plans, teaching strategies, and innovations.
Catered Lunch & Simultaneous “Poster Session”
Energy seminar

Energy transfer activity and modeling changes of state.
Break

Form small groups for collaboration on unit innovation

Reflection and Feedback

Tuesday

Fieldtrip: Turbine Manufacturer; tall tower

Lunch (on your own)

Field trip Reflection

Presentation and group sharing of online or packaged
curricular modules available for energy topics.
Seminar on global circulation and embedded activity
Project work time

Reflection and Feedback
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Wednesday
8:00 - 10:15 Mystery Tubes- Guest speaker
10:15-11:15 Climate impacts in the state of lowa - Guest speaker
9:30 - 10:30 Seminar on Climate, Weather, and the water cycle
12:00 — 1:00 Lunch (on your own)
1:00 — 1:30 Presentation of online or packaged curricular modules

available for weather topics.

1:40 —3:30 Fieldtrip- power plant
3:30 - 4:00 Reflection on power plant tour
4:00 Adjourn for the afternoon session.
5:00 - 6:15 Group dinner with guest speaker
6:30 — 8:00 Weather Forecasting: Guest speaker
Thursday

8:00 —11:00 Greenhouse gasses: activity and seminar — Guest speaker
11:00 — 12:00 Potential game changing ideas in the energy landscape
12:00 - 1:00 Lunch (on your own)
1:00 — 2:00 Uncertainty and Ensemble Modeling- Guest Speaker
2:00 —3:45 Climate Modeling Activity- Guest speaker
3:45-4:00 Reflection and Feedback
4:00 - 5:00 Project work time

Friday
8:00 —8:30 Discussion of research
8:30—9:00 Course Evaluation Survey
9:00 — 10:15 Project work time
10:15 -10:30 Break; Setup panel presentations

10:30 —11:15 Project discussion and feedback: Panel 1



11:15-12:00
12:00 — 1:00
1:00 — 1:45
1:45 -2:30
2:30 - 2:45
2:45-3:30
3:30 - 3:45
3:45 - 4:30
4:30

Project discussion and feedback: Panel 2
Lunch (on your own)

Project discussion and feedback: Panel 3
Project discussion and feedback: Panel 4
Break

Project discussion and feedback: Panel 5
Discussion of future activities

Reflection and Feedback

End of on campus portion
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APPENDIX B: INTERVIEW PROTOCOL

Interview protocol used during data collection for all three participants in the
study. Note that not all questions were asked during the interview process. Follow up
questions were asked based on the responses the participants gave to key interview

questions.

Reflective Interview Protocol:

* In general, how do you feel your unit is going [or how did it go]?
* Please describe how you generally plan to use science models in your unit.
* In what way do you think the models helped your students learn the content, if at all?
*  What do you hope your students will learn from using the models?
*  What do you think has been going well so far? Why?
*  What do you think you will change next time? Why?
*  What was the most difficult aspect of teaching this unit using models for you?
* Do you think it’s possible for students to build their own models? Why or why not?
* What do you think your students will talk about when they are working with
models?
* How do you intend for students to interact with each other while using models?
* In your opinion, what is inquiry?
* Do you think using models will enhance the inquiry process for your students?
Why or why not?
* What do students talk about when they are working with models? How do they

interact with each other?

Pre- and Post-unit Interview Protocol:

Key Interview Questions

* Please describe how you generally plan to use science models in your unit.
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In what ways do you think the use of the models would support student science
learning?

What do you hope your students will learn from using the models?

In what way did the models you use help your students learn the content? What are
some ways you felt the models didn’t help the students learn?

Do you have any concerns with the upcoming unit? What are they?

What went well with your unit and why? What didn’t go well and why?

What do you think you will change next time and why?

What was the most difficult aspect of teaching this unit using models for you?
Would you like to use science models more frequently in the future? Why or why
not?

Would you like to suggest other science teachers to use models in their instruction?

Why or why not?

Sub-Questions: Inquiry

In your opinion, what is inquiry?

What elements of inquiry do you intend to use?

Do you think using models will enhance the inquiry process for your students? Why
or why not?

Do you expect your students will ask different kinds of questions while using
models? If so, what do you expect to be different?

Do you intend to use models as a way to help students work with claim and evidence?
If so, how?

Will students be evaluating science models in some way? If so, how do you plan to
facilitate that process?

What kinds of predictions will the students be making while using science models?
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Were the students making predictions while using science models? How do you think

that went?

Sub-Questions: Dialogue

What do you think your students will (do) talk about when they are working with
models?

How do you intend for students to interact with each other while using models?
How do the students interact with each other while working with models?

Do you notice the pattern of conversation with your students being different while
using models than during other group activities? If so, how? If not, how are they
similar?

What kinds of conversations do you expect students to have?

What do students talk about when they are working with models?

Sub-Questions: Types of Models

In your opinion, what is a science model?

What are some examples of science models you plan to use?

What made you decide to use these models?

If students will be creating their own models: what kind of support do you plan to
give your students?

Do you think it’s possible for students to build their own models? Why or why not?
I noticed you used this model today [describe model] why did you decide to use that
one?

How well did your students develop their own models?

How did you facilitate the model building process?

How well do you think using/constructing the models helped students understand the

science concepts?
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Table B-1 Justification of the data sources and interview protocol by research question.

Research What do I need to Major interview questions
questions know?
What are In terms of  How important do Please describe how you generally plan
teachers’ Inquiry they think questions  to use science models in your unit.
perceptions of  approaches  are in the learning What do you hope your students will
how the use process? learn from using the models?
of models How do they think Sub-questions: Inquiry
supé) or claims and evidence What elements of inquiry do you intend
student from models
. . (?
learning in the contribute to student  ° US®* ) . .
science learning? Do you think using models will
classroom? ] enhance the inquiry process for your
How do they think students? Why or why not?
students can use .
models to evaluate Do you expect your students will ask
claims and Zvizilence different kinds of questions while using
offectively? models? If so, what do you expect to be
v different?
How do they think Do you intend to use models as a way
models can be used (o help students work with claim and
as a predictive tool?  eyidence? If so, how?
How do they believe  Will students be evaluating science
idea exchange models in some way? If so, how do you
should occur? lan to facilitate that process?
In terms of P P
elements of ~ What interactions do ~ What kinds of predictions will the
dialogue they think are their students be making while using science
students should have ~models?
with each other? Sub-questions: Dialogue
What do they think What do you think your students will
conversation patterns talk about when they are working with
should look like? models?
. How do you intend for students to
’Zy pdesl of ghgtlklgdsﬂ? f lan interact with each other while using
odels odels do they p models?
used to use?

Where do these
models come from?

To what extent do
they think students
can create their own
models?

What kinds of conversations do you
expect students to have?
Sub-questions: types of models
What are some examples of science
models you plan to use?

What made you decide to use these
models?

If students will be creating their own
models: what kind of support do you
plan to give your students?

Do you think it’s possible for students
to build their own models? Why?
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How do
teachers use
models to
support
student
learning in the
science
classroom?

In terms of
Inquiry
approaches

In terms of
elements of
dialogue

Types of
models
used

What kinds of questions do
they ask?

How do they use models to
support development of
claim and evidence?

How do they encourage
students to evaluate
models?

How do they utilize
models as a tool for
prediction?

How does idea exchange
occur?

What interactions do they
encourage students to have
with each other?

What do conversation
patterns look like?

What kinds of models do
they use?

Where do these models
come from?

To what extent do they

allow students to create
their own models?

How well do they understand
the concept of modeling?

In general, how do you feel your
unit is going [or how did it go]?
In what way did the models you
use help your students learn the
content? What are some ways you
felt the models didn’t help the
students learn?

Sub-questions: Inquiry
What elements of inquiry do you
intend to use?

Do you think using models
enhances the inquiry process for
your students? Why or why not?

Do you think your students used
models to generate claims and
evidence? If so, how?

How well do you think your
students evaluated science
models?

Were the students making
predictions while using science
models? How so?
Sub-questions: Dialogue

What do students talk about when
they are working with models?

How do the students interact with
each other?

Do you notice the pattern of
conversation with your students?
Please explain.

Sub-questions: types of models
I noticed you used this model
today. Why?

How well did your students
develop their own models?
How did you facilitate the model
building process?

How well do you think
using/constructing the models
helped students understand the
science concepts?
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What
challenges do
teachers have
implementing
models into
their
classroom?

How well do they understand
the concept of inquiry?

What parts of their units are
they concerned about and
why?

What challenges do/did they
anticipate having while
teaching the unit?

Do you have any concerns with the
upcoming unit? What are they?

What went well with your unit and
why?

What do you think you will change
next time and why?

What was the most difficult aspect of
teaching this unit for you?

In your opinion, what is inquiry?

In your opinion, what is a science
model?




APPENDIX C DETAILS OF DATA SOURCES AND IDENTIFIERS

Table of data sources and the code used to identify each source.

Teacher Data Source Date Identifier
Robert Interview January 20, 2012 Interview 1
February 1, 2012 Interview 2
March 1, 2012 Interview 3
Observations December 8, 2011 Observation 1
and field notes December 12, 2011 Observation 2
December 13, 2011 Observation 3
December 14, 2011 Observation 4
December 16, 2011 Observation 5
Melissa Interview October 27, 2011 Interview 4
October 28, 2011 Interview 5
March 5, 2012 Interview 6
Observations October 27, 2011 Observation 6
and field notes October 28, 2011 Observation 7
February 23, 2012 Observation 8
February 24, 2012 Observation 9
February 29, 2012 Observation 10
March 5, 2012 Observation 11
Document October 27, 2011 Document 1
February 10, 2012 Document 2
February 29, 2012 Document 3
Jonathan Interview January 27, 2012 Interview 7
February 10, 2012 Interview 8
February 27, 2012 Interview 9
Observations January 27, 2012 Observation 12
and field notes

February 01, 2012
February 2, 2012
February 3, 2012
February 6, 2012
February 9, 2012

Observation 13
Observation 14
Observation 15
Observation 16

Observation 17
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Document

February 10, 2012
February 15, 2012
February 16, 2012
February 23, 2012
February 27, 2012
January 27, 2012
February 1, 2012
February 3, 2012
February 3, 2012
February 27, 2012

Observation 18
Observation 19
Observation 20
Observation 21
Observation 22
Document 4
Document 5
Document 6
Document 7

Document 8
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