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Abstract: This paper reports on work with 4™ and 5" grade elementary students
examining the development of their modeling knowledge and modeling practice.
Within this grade band, we designed instructional materials and conducted studies
that guide the development of this learning progression. In this paper, we first
describe our instructional modeling sequence to illustrate how modeling practices
and relevant metamodeling knowledge (MMK) discussions and ideas have been
introduced in teaching a content area. Secondly, we describe our empirical data to
investigate the development of elementary students’ knowledge of the purpose of
models (MMK) as they engage in modeling practices such as using a model to
explain, or evaluating and revising a model. Finally, we present analysis of cases
in which we learned about the development of an elementary instructional
modeling sequence and how it supported student engagement within scientific
modeling. Our evidence supports the promise of this approach and indicates that
elementary students’ show growth in their epistemologies and engagement within
the practices, one informing the other.

Introduction

This paper reports on our work with 4™ and 5™ grade elementary students and teachers to
test our learning progression for scientific modeling. The theoretical underpinnings and
development of the construct map of a learning progression for scientific modeling are described
in Paper 1 of this symposium (Schwarz, Reiser, Fortus, Krajcik, Roseman, Willard, & Acher,
2008). Our work entails several components supporting this learning progression. First, we have
been designing and modifying curriculum materials to explicitly address modeling and
metamodeling knowledge across different content areas. Secondly, we have been developing
teacher support and student assessment measures. Finally, we have been analyzing our data to
examine what modeling practices and metamodeling knowledge elementary students develop as
we engage them in this scientific practice. More specifically, we analyzed students’ views about
the purpose of models and modeling as well as students’ use of models, evaluation and revision
of models. We compared our data to the levels identified within the ‘models are generative’ and
‘models can change’ construct maps as described in Paper 1.

Curriculum Materials Development

We have developed an instructional approach that provides multiple contexts for children
to engage in modeling over a significant period of time, while minimizing the amount of
curriculum change required of elementary teachers. First, we designed a 4-6 week unit about
condensation and evaporation around the phenomenon of a solar still for 5" grade. The unit



integrates scientific modeling into the lesson sequences. In particular, students construct and
revise a model of evaporation and condensation based on empirical evidence of the presence of
water vapor in the air as well as the introduction of a model of water as bits that spread out into
the air when they evaporate. Second, we have designed supplemental modeling activities or
revised previously existing activities in which we identified existing topics or units such as
electricity and astronomy that provided opportunities to foreground modeling practices and
metamodeling knowledge. These activities were integrated within an already existing unit in
accordance to the instructional modeling sequence. Our intention was for the teachers to use both
the evaporation and condensation unit as well as enhanced modeling within their prior materials
within a school year.

Instructional Modeling Sequence for Curriculum Materials

Our work in designing curriculum materials for the elementary units has led us to develop
a general instructional sequence that incorporates modeling and metamodeling knowledge within
a structure that engages students in scientific inquiry (Table 1). This modeling sequence is based
in part on prior work (Schwarz & Gwekwerere, 2007) and is designed to illustrate an example
for how all the modeling practices and relevant metamodeling discussions and ideas can be
introduced in a content area, if appropriate. This framework is not meant to be a rigid sequence
of steps, but rather to serve as a guide for integrating modeling within a lesson or unit. While we
do not advocate that such a sequence be used for every unit or lesson sequence developed, we
think that having this structure incorporated in multiple elementary contexts may be helpful for
both students and teachers to learn about modeling and modeling practices.

Table 1: Instructional Modeling Sequence

Introduce driving questions and phenomena for a
1. Anchoring Phenomena particular concept. Use a phenomenon that may
necessitate using a model to figure it out.

Create an initial model expressing an idea or
2. Construct a Model hypothesis. Discuss purpose and nature of models.

Investigate the phenomena predicted and explained

3. Empirically Test the Model by the model.
Return to the model and compare with empirical
4. Evaluate the Model findings. Discuss qualities for evaluation and
revision.

Test the model against other theories, laws.
5. Test the Model Against Other Ideas

Change the model to fit new evidence. Compare
6. Revise the Model competing models, and construct a consensus
model.

Apply model to predict and explain other




| 7. Use the Model to Predict or Explain | phenomena.

Curriculum Context

Curriculum Unit

We embedded the instructional modeling sequence within two different instructional
contexts reported in this study. For the first context was within a 4-6 week MoDeLS curriculum
unit about evaporation and condensation used at the 5" grade. The length of the unit was
determined from our pilot studies where science was taught 4 or 5 times a week for 40 minutes.
For this evaporation and condensation unit, we built on activities from existing curriculum
materials that deal with macroscopic properties of states of matter and changes of state (e.g.,
evaporation and condensation of water in a solar still) and expanded the activities to bring
modeling into the foreground (e.g., by having students diagram the change in location and
conservation of water in the solar still).

As students participated in this unit, they constructed, used, evaluated, and revised their
models explaining how water appeared in the cup below a plastic lid. The modeling practice
throughout this unit entails conducting empirical investigations to obtain evidence that the water
has not disappeared (via humidity detectors) and introducing scientific ideas about water as
composed of tiny bits that spread out in the air and are so light that they float. These same bits
stick together when they bump into each other or the plastic lid and condense to form water
droplets that drip down from the plastic wrap into the cup. Furthermore, we have incorporated
metamodeling conversations at key moments in the unit when epistemic issues are the most
relevant (e.g. discussing evaluation of models when comparing and contrasting different models
for the process). Through this iterative process, students’ engaged in the social element of the
modeling practice developing a consensus model of evaporation and condensation. Students
constructed models individually, and then shared and revised models, discussing and persuading
one another as they agree on one shared model representing the phenomenon.

Supplemental Activities

In the second context for the 4™ grade curriculum, we incorporated the modeling
sequence within supplemental activities for two separate units focusing on electricity and
astronomy. Each 4-week (5 days of science a week with 30-40 minute lessons) unit that was
modified for modeling had been a district approved curriculum unit. The teacher collaborated in
the revision of both units, suggesting ways of integrating modeling throughout the units. We
chose to use two units so that we could track developing sophistication within the practice and
epistemological understanding about the practice.

The first of these modified science units was a unit focused on electricity. The purpose of
the unit was for students to develop a working understanding of circuits. Throughout the unit,
students engaged in investigations in order to answer the question “what makes a light bulb
light?” In the opening lesson of the unit, students drew and explained their initial ideas of how a
bulb might light. Then, students used wires, batteries, and a bulb to construct a physical model
to test their expressed model. Finally, they revised their model and explained why their initial
models might not have worked and/or how their ideas changed based on the investigations they
did. This cycle was repeated multiple times. The second unit focused on astronomy concepts
including reasons for seasons and eclipses. Throughout this unit, students used different physical



models to explain why we have seasons, why the seasons are different for the different
hemispheres, and why we see different phases of the moon.

Method and Analysis

We collected data from three different sites that used either the curriculum unit or
supplemental activities in 2007-2008. All teachers were new to using these units and/or the
revised activities. Individual and small group modeling-specific professional development was
given to the teachers before and during the pilot enactments. All the enactments were conducted
in either suburban or urban school districts. Data sources included pre/post written assessments,
pre/post interviews, students artifacts, and classroom videos. We present data from 4™ and 5"
grade classrooms to illustrate the outcomes. We collected and analyzed data from three different
sites, two grade levels, and used two instructional approaches integrating modeling practices and
metamodeling knowledge (Table 2).

Table 2: Data Collection Sites and Method

Data Collection | Grade | Instructional Approach | MMK* Modeling
Sites Practice
Midwestern school 5 Curriculum Unit Purpose Use
Site 1 Evaporation and
Condensation
Midwestern school 5 Curriculum Unit Purpose Evaluating
Site 2 Evaporation and Revising
Condensation
Midwestern school 4 Supplemental Activities | Purpose Use
Site 3 in Electricity and
Astronomy

*MMK denotes metamodeling knowledge

Study Site 1

Method

Data reported in this section of the paper are based on a sample of six 5™ grade students
from two different Midwestern classrooms using the evaporation and condensation MoDeLS
unit. Four of these six students came from one teacher’s classroom, and two from the other
teacher’s classroom. Both schools are ethnically and linguistically diverse within a middle to
upper-middle class suburban district. Students were chosen to represent a range of achievement
levels by sampling from two high achieving students, two medium achieving students, and two
lower achieving students. Data analyzed for this paper primarily include students’ written pre-
post tests as well as their workbooks. We note that the patterns from the analysis of classroom
discourse and interviews are consistent with those from the pre-post tests and workbooks.

Our analysis has entailed a process of emergent coding of students” work. For example,
students’ responses have been summarized to capture the essence of their statements with respect
to the particular modeling dimension. This was an iterative process involving several coders. We



then characterized the similarity and change of these responses and compared them with the
levels outlined in the “models are generative” construct map. We have written about which
students appeared to change their ideas as well as the nature of their ideas about the purpose and
use of models and modeling.

Findings

Analysis of work and talk from the six students indicates that four of the six showed
significant changes in their writing about the purpose of models and modeling, the nature of their
models, as well as their use of models from the curriculum intervention, one showed moderate
change, and one showed little change. The analysis of this sample indicates a correlation between
the achievement level of the students’ and their gains in modeling practices. In addition to this
finding, analysis of students’ understanding about the purpose of modeling, the models they
generated and revised, as well as their use of modeling as indicated in their written work
indicates some shift in their thinking and practices about modeling that can be traced on the
‘models are generative’ construct map. Describing the nature of this change contributes to the
elaboration and validity of this learning progression for how children learn and engage in
scientific modeling practices within modeling-centered science units.

Understanding about the Purpose of Models and Modeling

At the end of the unit, four of six students changed from thinking about models as visual
displays to show the phenomenon (level 1 — models as literal illustrations) towards thinking
about models as things that can better explain the phenomenon (level 2 — models can explain
phenomena). Notably, most students’ pre-tests indicate that they paid attention to “what
happened” while ignoring “explain” and “process.” By contrast, in the post-test, most students
used “explain” and talked about “process” and in some cases, the causes of those changes. These
changes seem to illustrate that students not just adopted the term “explain” from their teachers,
but came to have more notions of “explain” and “process.” For example, TH states in the pre-
test, “[The models I drew] are helpful because it shows that the covered cup will stay the same
and the uncovered cup will evaporate.” In contrast, TH states in the post-test, “The models are
helpful because they explain how evaporation and condensation works. ...” We also see that EW,
TH, ZG and DJ seem to have shifted from thinking about models as illustrations or information
for the learner (providing the ‘what’), towards thinking about models as tools that can help the
learner better understand the processes or mechanisms (‘how”).

Some students may also be thinking about models and modeling as tools and processes to
advance their own thinking (as EW states, ‘to think about how water disappears,”) rather than as
information provided by the teacher. But, this is less clear. For example, in an interview with
ZG, he appears to be moving in the direction of thinking about models as tools to help show his
thinking, but still for purposes of communication rather than for advancing his own ideas when
he states, "I got to learn about [modeling] so I can use that when I’m older and smarter, if |
wanted to get a job | want to show that to a company | would show a model what it would like
and what it would do and how it would do it and show evidence and proof."

Overall, the changes in responses from the first four students may indicate a shift from
level 1 on the “models as generative” construct map (models as illustrating literal aspects of a
phenomenon) towards level 2 (models can explain phenomena). MK shows some modest level of
change, perhaps from using models to test something towards models as explaining (from level 1



to level 1.5). BB shows little change in thinking about models as references that can make it
easier to explain (in level 1).

Table 3: Pre-post responses and coding for MMK dimension “Purpose of Models”

Question [After drawing a model for each cup that can explain what happens to the water in that cup, including any sentences or words
that can help explain this process.] In what ways are the models you drew helpful?
Students Pre-test Responses Post-test Responses Summary of Responses for Determining
Change
EW “To show what condensation and “They explain an idea and make it easier | Models/modeling:
evaporation are.” to understand with pictures and show the phenomenon
words.” to
explain an idea and make it easier
to understand
TH “It shows that that the covered cup will | “They explain how evaporation and Models/modeling:
stay the same ...” condensation works. ...” show the phenomenon (what
happens)
to
explain how it works
ZG “The covered cup had more water “They help explain what’s going on Models/modeling:
because cup two’s evaporated.” with the water and the models show what happened
show evidence to what I’'m to
explaining [sic].” help explain and provide evidence
about what’s going on
DJ “They would be helpful by showing “They are helpful because they explain Models/modeling:
what happens to the real thing.” why water condenses.” show what happens
to
explain why it happens
MK “If you need to do a test on them, you “It explains what water needs to become | Models/modeling:
can study the models. Also, they water vapor, space!” represent something to test and
represent something for you.” help understand ideas
to
explain conditions necessary
BB “I can look at them threw the days and “Whenever [ want, I can go back and Models/modeling:

see if what | wrote was right.
[sic]”

look at it.”

are something by which to see if
I’'m right, and to look back and
think about

to
are something to go back and look

Analysis of students’ own models in the pre-post test as well as those of the solar still at

the end of the unit support the findings that students’ shifted from a view of models as literal
representations to representations that embody processes and mechanisms that explain the
phenomena. All the students showed some significant changes in the nature of their models
drawn in one question of the pre-post assessment by adding processes, mechanisms, and
explanations. For example five of six students added dots as water bits or particles in the air to
represent water vapor in the post test, arrows as mechanisms showing evaporation (3 of 6
students), additional explanatory language to account for the phenomena (e.g. “the water is
evaporating; it has space so it turns in to water vapor”) (2 of 6) as well as a key for their
representations (1 of 6), and other additional representations such as magnifying glasses (1 of 6).
ZG’s models illustrate a dramatic shift between his pre-test and a post-test model by having
added particles of water, changes over time, and explanatory language.
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Figure 1: ZG’s pre-test and post-test responses to draw a model of a covered and uncovered cup
of water that can explain what happened to the water in that cup.

Use of Models and Modeling for Understanding and Application

In turning towards our analysis of how students used models, we find that roughly five of
the six students showed evidence of using or applying their models in prompted use across
various assessment measures. In analyzing results for the pre-post question, “Use one of the
models you drew to explain what happens to your color marker when you leave the top off of it
for a week,” one student in the pre-test and two different students in the post-test explicitly
referenced their models and mapped the model to the real world example. For example, in the
post-test, ZG states, “In the model of the cup of water with no lid, the water is evaporating into
water vapor or a gas, and that’s what happens with the marker because it’s a liquid and all liquids
evaporate into a gas form or a water vapor form.” In the post-test, two other students appear to
refer to the models of evaporation and condensation by making statements such as DJ who stated
“If you leave a cap off a marker, the moisture of the marker will evaporate. If the cap is still on,
the moisture will condense on the marker and stay there.” The final two post-test responses
showed no clear indication of students’ use of models in their response. For example, BB stated,
“when I leave the cap off of my colored marker, it will dry up.” See table 4 for additional
examples of student responses.

Table 4: Pre-post responses and coding for MMK dimension “Use of Models”

Questions 1. Use one of the models you drew to explain what happens to your color marker when you leave the top off of it for a week.
2. Could you use any of the ideas in Cosette’s or Makayla’s models to explain how we can smell perfume from a distance? If so,
how? If not, why not?
Students Pre-test Responses Post-test Responses Summary of Responses for
Determining Change
EW “The color marker will get farther and “I would use my uncovered cup model...it | Some evidence of model application
farther from the water going will evaporate just like the water in in post-test ‘using uncovered cup
down.” the cup.” model’ to think about evaporation.
“You could use Makayla’s model to “You could use Cosette’s model to explain
show this because it shows that this because it shows that the water
the water/perfume is evaporating vapor would stay all around in the
and spreading out all over.” air.”
TH “The color marker will dry up.” “Evaporation occurs and the marker dries Some weak evidence of model
out. It starts off wet, but then it application in the post-test in
becomes dry because of mentioning evaporation for both
evaporation.” questions.
“You could because it has the water as “I could use the ideas because perfume gets
a gas and perfume is a gas. We caught in evaporation and travels for
can smell a gas from a distance.” a distance.”




ZG

“It would evaporate so that a lot of

water [is] left.”

“Yes, because if something goes into

the air and we breathe it in, our
nose-body will one of the six
senses and that would be smell, so
we would be able to smell it.”

“In the model of the cup of water with no
lid, the water is evaporating into
water vapor or a gas, and that’s what
happens with the marker because it’s
a liquid, and all liquids evaporate into
a gas form or a water vapor form.”

“Yes because when liquid evaporates, it
turns into water vapor and goes into
the air, so when you breathe it in, you
smell it because it’s one of your
senses.”

Some evidence of model application
in the post-test referring to the model
of the cup with water with no lid.

DJ “It would lose the moisture in the “If you leave a cap off a marker, the Some weak evidence of model
marker and dry out because the moisture of the marker will application in reference to the
moisture has evaporated from the evaporate. If the cap is still on the condensation of the moisture in the
colored marker.” moisture will condense on the marker | cap of the marker.

“Yes, perfume can evaporate into the and stay there.”
air because it’s a liquid.” “No. No because perfume is just sprayed
into the air. It doesn’t evaporate.”

MK “It dries out because the air is picking “When you leave a cap off a marker, the No evidence of model application.
up the ink or the ink is color evaporates.”
evaporating.”

“The perfume can be smelled from a “Yes, because it shows how perfume can
distance because it evaporates to a evaporate so it turns to vapor (a gas)
cloud so it drifts in wind so we so it is in the air so we can smell it.”
can smell it.”
BB “It will dry up, like my model the “It will dry up.” No evidence of model application.

uncovered cup.”

“No I can’t because the models’ about

evaporation, not perfume.”

“No because this has nothing to do with
perfume.”

Analyzing five of six students’ workbooks at the end of the unit (one example is missing)

indicates evidence that all students applied their consensus models of evaporation and
condensation to the processes within the solar still. While this task was explicitly prompted

(“Apply your consensus model of condensation to drawing a model to explain how the solar still
works”), evidence from all students’ models show that they were drawing on past symbols
(water vapor bits of dots, magnifying glasses to show water vapor present, arrows and wavy lines
to show motion of the water bits), labels (on these core aspects), and explanations of how water
changed form and moved in the solar still, developed within the unit and not present in their
original models. Three of the five models available showed many of these aspects in their work,
two others less so.

The final question of the evaporation and condensation unit asks students whether or not
students would drink the liquid in the solar still (the water) that came from the dirty water and
explain their response. Four or the students only weakly referred to the evidence from their
models by making statements such as, “Yes, because condensation is like a filter,” and one
showed no indication of any reference to their modeling. “Yes, I would because it came from
what looks like coffee, salt, and water mixed together to get a solution.” Perhaps this question
strongly cued their intuitive responses rather than helping them systematically support their
claim with their evidence and thinking within their models. See Table 5 for the distribution of
responses.



Table 5: Responses in workbooks and coding for MMK dimension “Use of Models”

Students Apply the consensus model to what Would you drink the liquid that came from Summary of Responses
happens in the solar still. this dirty water? Answer the question
and explain it.
EW Drawing includes words ‘water “I would drink the water in the cup. The Some strong evidence of application
molecules condensing off the top’ reason why | would is because when of prior models.
and includes dots that show the it evaporated, it probably separated
water vapor. from the dirty water and just the
clear, clean water evaporated.”
TH Drawing includes words ‘condensation, | “Yes, because condensation is like a filter” | Some strong evidence of application
water droplets, evaporation” and of prior models.

includes dots that show the water
vapor as well as lines coming up
from the water.

ZG Drawing includes all kinds of words “Yes I would because it came from what Some strong evidence in the drawing
and describes condensation looks like coffee, salt and water of application of prior models,
(though not evaporation) and mixed together to get a solution” though it’s unclear from his written
includes dots that show the water response that he is.

vapor as well as the magnifying
glass to show them and arrows
that show the process.

DJ Drawing and labels include (No response) Some strong evidence of application
o Dots (“water molecules™) in the of prior models.
dirty water, in the solar still, and
in the small cup
* Wavy arrows upward (“water
evap.”)
* Arrows showing movement of
the condensed water drops
Words: “This is the solar still. The
water evaporates and leave [sic]
the dirty things at the bottom. The
evaporated water goes up to the
plastic wrap and falls to the small

cup.”
MK Drawing includes elaborate picture “Yes, because it is pure and when it Some strong evidence of application
(with colors, arrows and words). evaporated the dirtiness was left of prior models.
Words: “Explanation: When water behind”

evaporates and there is heat the
water clings onto the wall or
ceiling. If it gets to the top it
slides to the middle because of the
marble. Then it drips down as
clean water. The dirty stuff gets
left behind when water
evaporates.”

BB (No response) “Yes I would because it has been Weak evidence of application of prior
evaporated and cleaned from the air.” | models.

Finally, there are two cases of responses for students in the pre-test to post-test where the
students shifted their language in a way that may indicate their views of models or modeling as
useful for their own thinking (level 3) rather than as an illustration of information (level 2). In the
pre-test and post-test, two questions are worded, “Could you use this model to explain....?”
There are two examples of students who shifted from stating in the pre-test, “yes, you could use
...” to responding in the post-test, “Yes, | could use [this model] to ...” For example, in the pre-
test, DJ responded “Yes, you could use models for the puddles in real life because it would help
understand two different ways the water disappeared.” In the post-test, DJ stated, “Yes, I could
use Jordan’s model because water does evaporate in real life.” While these two examples are not
yet conclusive, they may indicate the beginning of a shift from level 2 to level 3 in the construct
maps in students’ use of modeling. We will continue to investigate these results in the large data
set.




Study Site 2

Method

The evaporation and condensation curriculum unit was piloted in another Midwestern
city during the same time as the study reported in Study site 1. Participants included 24 students
from one 5" grade class period from a suburban school. Six students from the class were
randomly selected as a focus group to observe and follow during the enactment. Data sources
used in this study include pre/post interviews, students’ artifacts, and videotape of small group
discussions. We videotaped whole class discussions and small group work to examine students’
engagement in modeling practices. This enabled us to examine what sense students make of
modeling practices, what aspects they find challenging, and what areas of practice or knowledge
need to be added to the learning progression as explicit areas of support. Classroom discourse
also enabled us to assess implicit as well as explicit expressions of metamodeling knowledge.

Our findings report on the students’ knowledge of the purpose of models as they engage
in evaluating and revising their models of evaporation. We examined evidence that as students
participated in the social nature of consensus building of models that they can make sense of
science content and communicate their ideas. Having students discuss and persuade one another
about their ideas is difficult for students, thus we developed a classroom structure to support
consensus building in the classroom while engaging in each modeling practice (Herenkohl &
Guerra, 1998; Kuhn, Kenyon & Reiser, 2006). Students initially constructed their models
individually and then discussed in small groups of 3-4 students their ideas as they made sense of
their models. Within these small groups students shared and critiqued one another as they
converged on one representative model for their group. There were two small groups within one
larger group of 6-8 students. For the large group consensus model, the two small groups
discussed, persuaded and decided on one evaporation model for the large group.

Findings

We examined students’ artifacts and discussions as they participated in the evaluation and
revision process of scientific modeling. We were interested in identifying what evaluative
comments were addressed and what components students attended to as they revised their model
in this consensus building structure. Analysis of students’ understanding about the purpose of
modeling, the evaluation and revision of models in their written work and student discourse
indicates some shifts in their thinking about models and modeling that is connected to the
‘models can change’ construct map.

We begin within the instructional modeling sequence where students are constructing a
model of evaporation. In the following example, we have two groups sharing their initial ideas of
evaporation and trying to agree on one model of evaporation to represent the entire group. The
initial reaction from both groups was that they quickly selected models that they liked best
without any reason for their decision. Maggie states, “That’s good. I like Jacob’s”. The other
students also evaluate Jacob’s model and decided very quickly that they like Jacob’s as well. At
this step of the process of consensus modeling there is no evidence that students are sharing
models and comparing ideas. We see more of “pick mine” or “I like his” without any
justification. However, we do see during this sharing process that some of the students are
beginning to look for specific features within the models as they make their decision. For
example, Fred states looking at Maggie’s model, “What’s the process? You gotta explain the
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process.” First, we see that Fred is looking for more than a visual representation, instead he is
looking for some form of change over time, showing more than a beginning and end, but also
what happens in the middle. This example traces back to the ‘models are generative map’, Fred
is thinking about models as things that can better explain the phenomenon (level 2 — models can
explain phenomena), but we also see that Fred points out that Maggie needs to think about
changing her model and making it a more accurate representation of the process of evaporation.
This connects to the level 2 ‘models can change map’, indicating that models can change to
better explain a phenomenon.

In the same discussion, Chris also makes evaluative comments about the communicative
aspects of the model, “Instead of the arrows you should put water particles coming up and then
dropping into the cup. Jacob, I just revised your thinking”. The group convinces Chris that they
need to have arrows, but this does not stop with his idea of the water particles, “Oh, you should
put the water particles by the arrows. Because they wouldn't know, they wouldn't know what the
arrows were for?” Here, we see Chris focusing on the nature of models and evaluative comment
of making sure their model is specific and clear in representing the water movement. To Chris,
the arrows are not enough to represent the water. Another interesting finding from this discussion
was that the two groups did make a few minor revisions such as the water droplets and arrows to
a model, but could not decide a converged model of evaporation. Instead they decided to draw
both models to represent their ideas. The group model presented their model as shown in Figure
2 to the entire class and the teacher and class offered suggestions and feedback for improving
their models.

Figure 2. Large group
model of evaporation

In the next part of the instructional sequence the students tested the model and gathered
evidence about surface area, temperature and time and how it affected the evaporation process.
They were prompted by the teacher as well as the student workbook to consider the evidence
from each of these factors while they revised their models of evaporation. Including evidence in
the models was very clear for all of the groups. Even though students knew that they needed to
include surface area in their model, it was still evident that they had to articulate their
understanding of surface area accurately within the model and communicate these ideas in a way
for others to understand it.

During the revision modeling practice, findings indicate that students showed some
success in moving from unprincipled decisions to consensus models based on criteria of
accuracy and explanatory value. The students realized early on during the revision process that
they had very similar ideas of evaporation. As a result, the peer discussion spent most of the time
evaluating their models in terms of its fit with evidence and its communicative nature.

In the following discussion, we see the large group evaluating and deciding what should be
included in the model. We begin with Fred questioning the scientific accuracy of Jacob’s
diagram model to Chris about soil sucking up water.
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J: All of our models show the same thing pretty much

F: First of all, how can the soil suck up the water

C: It doesn't suck it up

As the discussion continues forward, Fred questions why Jacob put the soil and water in
the model and points out that the rest of the picture is scientifically similar to his idea. They
continue to argue over whose model is better, when Scott points out that Jacob has more in his
model, emphasizing that he has more details or specifics. Fred quickly argues back and says that
just because Jacob has more details, does not mean it is correct. We see that Fred values
scientific accuracy more than the communicative aspects of details and specificity when
evaluating a model.

F: Then why did he write it? It is the same thing I did sunlight goes into the water and evaporates into the air. That
is pretty much it.

J: It doesn’t evaporate into the air

C: And you think yours is better why?

F: Yeah

S: His says more

F: His says more, but it is wrong

In this next part of the discussion, Fred is still convinced that the soil and water must be
removed from Jacob’s model. Jacob removes this part of the model and Fred is satisfied. Scott
justifies this decision by saying that we do not really need the soil and water anyway, because it
is not part of the evaporation process. His focus is on the evaluative criterion of saliency,
pointing out that we need to pay attention to the most important relevant aspects of the model.

C: Okay, this is

M: Who? Fred's?

F: Okay, first of all the soil doesn't suck up water

J: For the tenth time | know

C: What do you see that Jacob doesn't have?

F: [Jacob revises his model] Okay, now that works

S: Jacob's gets to the point, it is just the water thing, we are not really studying

M: We could add in some of Fred's

S: This is what were are going to do, on our final thing we are not going to show that water actually goes into the
ground cause we are studying on evaporation and not how it goes in the ground

Here, we see students attending to three evaluative criteria as they revise their models.
Fred has strongly focused on the need to make sure the model is scientifically accurate. We hear
Scott bring up the characteristic of details, which is typically an evaluative criterion and we hear
Fred refute his suggestion. Lastly, we hear Scott point out the importance of saliency and staying
focused on what needs to be in the model. Students revised models, moving from simply adding
detail to adding salient detail that improved the explanation.

An interesting shift from the construction to the revision process of modeling was that as
students become more experienced with evaluation and revision, they began to see models as
useful for comparing ideas, persuading others, and reaching consensus. Students soon realized
that it was more than the right answer, but an iterative process and they could change their ideas
and make them better. In the next example, we see how this large group of students revised their
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model of evaporation. Over a series of multiple discussions and revisions, the large group
develops a consensus model attempting to include the “best” ideas of all of their models of
evaporation. Not all ideas are included in the model. For instance, they did not use the sun and
soil from earlier models. The revised model is Figure 3.

Figure 3. Large group
revised model of
evaporation

We use the student discourse to understand their revised model of evaporation. Where did
the humidity and heated water come from? Why are evaporation particles in the model? What do
the dots in the top cup represent? In the following clips, we see how they use the model to
generate an explanation of the process of evaporation. In this specific example, they are
attending to humidity, temperature, and time. Students were explicit about certain features of the
model and not explicit about others. The following is the beginning of their discussion after they
have shared their models and are now looking for the best features to add to the large group
consensus model. Fred initiates the collaboration with his peers pointing out specific features to
consider for their model. We see from this brief clip that Fred and Jacob’s models contribute the
idea of thermal energy, the “heated water” on the model. Eve’s model contributes to the drawing
of the cup, temperature 105 degrees and humidity rising.

F: Smart one. Okay, Jacob and I have the thermal energy, Okay look we have Eve's and the cup the thermal energy
which causes the evaporation at the 105 degrees which gives us thermal energy

C: It was 140 though?

F: Oh we will change it

F: [reading Eve’s] Which means the humidity is rising which would cause humidity rising which would cause
evaporation.

Once the revised model is complete, Fred explained the model to the group,
“Temperature is 140, the humidity is rising, over a period of time it causes evaporation goes
down to the evaporating particles.” This group indicates a more experienced level, (level 3), as
they understand that their models need to be revised to account for new evidence and to represent
their new understanding of the phenomena. They may understand that the model has explanatory
power, but not predictive power. It is interesting to see how they had added evaporating particles
to his explanation of their model. Evaporating particles was not included on any of the initial
models, which may suggest that the revision process not only is a convergence process but an
emergence process as well. Through the evaluation and revision process students were not only
choosing the best features, but also thinking of new ideas to explain and communicate. We
believe that students started to use the model as a thinking tool as they went through the revision
process—using the model to think through their ideas of evaporation with one another
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connecting to the level 2 (explaining phenomena) on “models are generative” map and level 3
(models need to be revised to account for new evidence and represent new understanding of the
phenomena) ‘models can change’ map. Shortly after his explanation, Eve asks Fred what parts of
the model are hers. Fred replies, “Uh, a lot of it. Temperature of 140 degrees, humidity rising,
then me and Jacob and Chris all combined the thermal energy and the evaporating particles.”
Here again, we see how the students shared ideas and constructed their revised models.

Finally, we examined the post-student interviews. Although still preliminary data, one
particular question asks students if they think scientists’ models would change or not. Here is the
response from one of the students.

“I think they could change because the scientists is just now learning about something
and he made a model and he was going to compare it with something else. Like if he
was trying to do this model and then he found some other stuff that was like a lot that
could help him with his models then he was comparing it to that one he would probably
say wow | improved a lot. | learned a lot more and I could make it more like a model
that would teach people something.”

There is some evidence in the students’ response that models can change. This is an
indication that she is between a level (2) revising models to account for information from
authority and level (3) revising models to account for new evidence to represent their new
understanding of the phenomena. Taken together, these preliminary findings show the
promise of the curriculum intervention with purpose of models and modeling and evaluation
and revision of models.

Study Site 3

Method

Participants in Site 3 study included 21 students from one 4™ grade classroom from an
elementary school located in a small Midwestern city. Students were engaged in two district-
mandated units that integrated modeling activities using the MoDeLS modeling framework.
Student work and videotape of classroom activities were identified as representative of students’
use of models for sensemaking and communicating their ideas about content as well as notions
about the purpose of models and modeling. Data analysis focused on classroom video and
student artifacts taken from two kit-based units that had modeling activities integrated
throughout. These modeling activities were developed in collaboration with the teacher and
authors of the paper. Identified artifacts and video were analyzed using the MMK and modeling
codes summarized in the construct map developed by the authors and presented in the first paper.

As part of the opening lesson, students developed initial models to predict how a light
bulb might light. Theses initial models were then revised several times throughout the unit using
an iterative process outlined in the MoDeLS instructional framework as students understanding
about electricity and circuits developed. We are interested in understanding how students use
models to make sense of this content. In the first of two lessons shown here, students worked in
small groups testing and revising their idea models focused on how one might light a light bulb
using multiple bulbs, batteries and wires. The example that we show focuses on one small group
discussion between a classroom observer and a group of students. In the second lesson, students
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presented their revised models based on an investigation into series and parallel circuits. The
whole class discussion came following a workshop activity where students created both a series
and parallel circuit using their initial idea model as a starting point. Students were asked to draw
a revised model that illustrated what they had learned from carrying out their investigations.
After the students had completed the task, the teacher invited them to present their new models
to the rest of the class as a “walk through”. We use one lesson from a second unit focused on
astronomy to highlight how the teacher and students viewed the use of models in learning key
science concepts.

Findings

Our findings suggest that students will engage in the practice of using models to
investigate scientific phenomena but the process of sensemaking and communicating through the
use of models is one that requires support and scaffolds from teachers. We present an initial
analysis of a teacher and her students as they engage in using models to make sense of science
concepts and to develop initial explanations in both small and large group discussions. Students
created and used models for the first time at the start of 4" grade and then again at the start of the
third quarter. Our findings suggest that students engage in using models in both small and large
group activities to different levels identified by the construct map, suggesting that different types
of supports are needed for these different settings. We present our findings by group-structure as
we believe that the structure of the activity has implications for both teaching and learning.

At the start of the unit, students were asked to generate a model describing their ideas
about they could like a light bulb using a battery and wires. The most common initial idea model
that students drew is represented in Figure 4a. Following a specific activity focused on getting a
light bulb to light, students revised their models to look like Figure 4b.

QuickTime™ and a
TIFF (L
are needed to see this picture

4a. Initial model 4b. Revised model

In subsequent classes, students continued to revise their models. These models became more
detailed (i.e. Figure 5) and began to include explanations connecting to the ‘models are
generative’ and ‘models can change’ construct map.

Using models as part of sensemaking and communicating ideas
Unit 1(First quarter): small group discussion
In the exchange shown below, students selected an idea model to test (Figure 5) where multiple

wires, batteries and bulbs have been used to create a circuit. This idea model was developed from
the previous activity where students had identified how a bulb could be made to light using a
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wire, bulb and battery. The goal of the new activity was to evaluate the model by determining
whether the light bulb could light and to revise the idea model accordingly.

Figure 5: Idea model using multiple wires and bulbs

The students in the observed group had created a model from the idea (expressed) model
shown in Figure 5. Among the students in the group, one of them did not think that the model
would work. A classroom observer (R) facilitated a discussion about the phenomena that the
students’ model attempted to explain. In this discussion, one can see the students trying to use
the model to make sense of the content being investigated. However, for students to be
successful in their sensemaking, it was necessary for the classroom observer to continue
questioning them about what was happening.

The students here represent a level 2 on the ‘models are generative’ construct map in that
they are using “a model to uncover some aspects of the phenomenon requiring tracing inference
through entities and relationships”, i.e. getting the battery to light in different ways from what
they had done previously and/or questioning what was happening due to different batteries.
Students did not necessarily understand the content accurately and slipped back into the level 1
generative nature of models, “models as illustrating literal aspects of a phenomenon.” They
easily moved on to testing different ideas without making sense of what they were working with.
Students are more comfortable using the model to help illustrate their thinking (level 1) and
require support by the classroom observer to use it to “uncover some aspects of the
phenomenon.”

Jeff: What model are you trying?

Emily: Jeremy’s

Jeremy: It’s working, 2 (bulbs) in one. Ms T, Ms T, it’s working!! And she said it didn’t work

R: and why do you think it is working?

Jeremy: I don’t know, she said it didn’t work.

R: So whose model is this?

Students: Jeremy’s

Jeff: | think that one of the reasons there are differences (when compared to a prior model), these are not bright (he
is seen touching the bulbs).

Jeremy: Yeah, what if we take this one off? (He proceeds to disconnect a bulb by removing 2 of the wires attached
to a bulb)

Jeff: It’s very dull (this said as Jeremy takes apart the model)... Wait. It is very hard for both of them to share the
power. The other one is (now) brighter.

Jeff: Can we try other idea now?

Jeremy: ok

R: But show me why, why is it working the way it is?

Jeremy: This battery doesn’t have enough power. Let’s try with another battery.
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R: What’s happening here? Can you show me what’s happening here? (Referring back to the previous test that the
students had just completed.)

Jeremy: I don’t know.

Jeff: It’s just like the battery... one wire, it just goes from here through here (pointing from the battery to the bulb)
and then the other one and then it doesn’t have enough... the energy has to be... it goes to both bulbs so it is not as
bright. That is my question (that was put on the board), do we have to put 2 batteries and one bulb to get a bright
light?

R: Ok, we’ll see (as the students move on with their testing).

The students continue to manipulate the original 2-bulb model with Jeremy replacing the battery
with another one, and both bulbs are brighter. In the video, he seems to be surprised by what he
sees. The conversation continues when the classroom observer asks students to explain why
changing batteries might make a difference.

R: So what is happening now?

Jeremy: This battery (the first one) is older, we got that one last time.

Jeff: This (new) battery is a better battery.

R: Why do you think is a better battery?

Emily: We were using this one too long and it is loosing its energy and this one has more

Jeff: It’s keeping its power or ...

Here the students begin to revise their original model to include additional ideas about how the
different components might be working together. They are showing that they are beginning to
use their model to create an understanding about how their light bulb works. However, this
revision is never called out or written down into the drawing model that they created.

In the next segment, the classroom observer redirects students to think about how the circuit is
working

R: Can you (explain to me) why the two bulbs are lighting? (pointing to the physical model that the students had
built)

Emily: | think all light bulbs that are lit need a wire connecting from the plus and the minus to the bulb

R: Ok, can you show me using your model?

Emily: This is his (pointing to a written model, figure 1). You explain it (said to one of her partners). I don’t
understand it

R: Ok. You don’t understand but is it what you just did here?

Students: yeah

R: So can you show me how the electricity is flowing?

(Jeremy is disconnecting and changing the model, the rest of the group is asking him not to do it)

R: This is your idea, right? And then you built it, you show me how it works.

Jeff: I think... I’'m not sure. It comes from here (from the positive side of the battery to the bulb) and loops back.
Almost like a figure 8

Jeremy: I don’t know about that...

R: But do you think that the electricity is only flowing in this loop (Jeremy is trying to say something)

Jeff: No... if we have two bulbs, I think it goes like this (with two fingers he goes from the battery to one and the
other bulb at the same time.) It gets half power.

Jeremy: I think that’s most likely.

The three students responded differently to the questioning, showing that each potentially has a
different understanding of the content being investigated and the role that the model could have
in providing an explanation of the content. In this exchange, Emily could not use the model to
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explain or make sense of the phenomena that they were investigating (she said she did not
understand the model because she did not draw it). We believe that in this case Emily did not
understand the expressed model as a tool to test the conceptual model (level 1).

However, both Jeff and Jeremy used the model they constructed to illustrate how electricity
works (level 1 into level 2 ‘models are generative’ construct map), though to different depths.
Jeff made an attempt (initially incorrectly and then correct) to explain how the electricity flows
using the model, upon prompting of the classroom observer (level 2). Jeremy seemed content
with evaluating through agreeing or disagreeing with Jeff’s explanation (level 1-2).

Unit 1(First quarter): large group discussion
In the analysis of the whole class discussion, we focus on four groups showing a range of
understandings the science phenomena through the use of models. Students’ metamodeling
knowledge for sensemaking through the use of models varies from level 1 to 4.

In the first case, Sasha and Cynthia present what they learned when constructing parallel circuits.
When asked what they learned testing their model, Sasha’s response could be classified as
having superficial aspects related to the phenomena (level 1 models are generative, models as
illustrating literal aspects of a phenomenon). In describing her model, she simply pointed to her
physical model and said: “That’s... hmm, that’s a parallel circuit, that you can make a parallel
circuit with 2 wires”. When the teacher pressed her and the rest of the group for understanding
about the model, she was not able to express how the groups’ expressed model connected with
the model constructed. Cynthia said: “Kate had an idea that we didn’t think [would] really work
because it took too many wires.”

Damien and David presented the next example (Figure 6) with a simple report about the model
and how the increased number of batteries led to an increase in brightness of the bulb. This
description was classified as a level 1 in models are generative construct map.

BEL T wotops
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Figure 6: Damien and David’s model

However, during the discussion the teacher encouraged the group and other students to ask more
questions that focused on using the model to explain why they had the results that they did. Most
of these questions were related to the amount of batteries that might make a bulb light brighter,
however these questions show that students can use the model to generate questions about the
phenomena that could lead to new predictions (seen as a level 4 for advancing their knowledge in
the models are generative construct map). However these predictions were simple predictions
that were not always directly connected to the model that Damien and David had presented.

[ Jackson: I have a question. Like what would happen if we [connected multiple bulbs]? We thought that if we hooked |
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up two of them, would it be the normal type of each one or [would] one light over the other?

T: (rephrasing student and making the connections to the preented model) You wondered if the bulbs will be
different brightness?

John: Yeah

T: Go ahead and have a conversation. Talk about it. Put your hands down and speak up, have a discussion. (Students
discuss and then share their resulting questions.)

Andre: If you connect these two bulbs to two batteries, would it fade or have the same brightness (as your model).

T: Damian’s team, this group is asking a question.

Cynthia: What will happen if you connect 3 batteries?

Student: How bright could the battery get before the bulb breaks? How many batteries can you attach to the bulb
before it breaks?

The model that Jeremy, Emily, and Jeff tested (Figure 7) had a similar structure to the above
example, but focused on investigating how many bulbs a single battery could light (level 2
models are generative).

Figure 7: Jeremy, Emily and Jeff’s model

This example encouraged David from the previous group to question how changing light bulb
characteristic (higher voltage) might affect on the quantity of bulbs one battery can light.

Jeff: We can light so many bulbs with one battery (showing both the written and physical model that they built)

David: Would big bulbs make a difference?

Jeff: It would because they draw so much more energy.

The presentation and surrounding discussion of the final group provided a framework for
students to challenge the ideas presented. This in turn led to a greater sensemaking on the part of
both the presenters and the rest of the class. In this case, the group had constructed a circuit
model with 4 wires, 1 bulb, and 1 battery (Figure 8).

black wire green wire

—

black wire red wire
Figure 8: Model presented by Andre’s group.

Two black wires were connected from the battery to the bulb. A red wire connected the bulb to a
green wire. The other end of the green wire was attached to the bulb. Andre presented the
group’s model in the following discussion:

Andre: We learned that when we disconnect, when we have this (removing the green and red wires) and then we
have this regular thin, it lights.

T: Wait, wait, what’s the regular thing?
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Andre: It’s the thing that every one does. It’s just the regular circuit. So if you connect these two black wires like
every one does, just the one that every one knows it works, it will light

T: Yes

Andre: But then if we connected two more wires to the bulb and then we connect the wires together, the light shut
off

T: And why did it shut off?

Andre: We think that there is a short circuit. When the power is coming from the battery, then it goes to this (by
tracing the circuit path, he shows how the current would flow through one wire to the battery to the bulb and back to
the battery) but then it goes like this, into these wires (showing how the electricity might flow from the battery to
one of the black wires to the red wire to the green wire, to the other black wire and back to the battery, by passing
the bulb) and this can go around in circuits.

In his presentation, Andre first showed the model “everyone knew,” referring to a “simple”
model students had constructed in a previous class with a battery, 2 wires, and a bulb. Then he
introduced the second model the group had constructed. His goal was to present the known
model and then show what happens when the initial model is modified. Through his discussion,
he identified key aspects of the phenomena for his classmates and provided an explanation by
using the model.

It is important to consider these different levels of understanding within the context of the culture
of the classroom. What we see relies not only on individual students’ metamodeling knowledge,
but also on the group responses and understanding of the purpose of models as they interact with
the rest of the students and teacher. Andre’s presentation and explanation provided the context
for other students to communicate their ideas and to agree/disagree with the group’s model. The
discussion generated following Andre’s presentation motivated students to think about how
electricity flows in the model. For example, a second student, Lucas tried to clarify Andre’s
explanation by using his hands to explain how he thought the electricity flows in the model. He
pointed with his finger from the battery to one of the black wires to the red wire, and then from
the battery to the other black wire to the green wire. Using this visual, he said that in the union
of the green and red wire, the electricity “collapses”. This idea while inaccurate is communicated
through the use of a model. Another student, Jeff explained his idea as “T think it goes into these
two wires (from the battery to the black wire), to here to this circuit (he signaled one of the black
wire and the green wire), but it cannot go through here (from the other black wire to the red
wire).” These early discussions around a model were used to make sense of how electricity flows
through different types of circuits. This type of discussion was valued and encouraged by the
teachers and happened often. This illustrated the importance of understanding the norms of the
classroom.

Understanding the purpose of models

Astronomy Unit (Start of third quarter): Whole class discussion.

During the third science unit of the year, which continued to integrate models in a similar fashion
as the Electricity unit (i.e. as additional activities) the teacher had a discussion that focused on
how her students perceived the use of models to learn and understand science. This conversation
was not one that was integrated into the unit as a planned modeling focused lesson, rather the
teacher decided to have this conversation based on what she saw her students learning.
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At the end of the Astronomy unit, the teacher carried out a performance assessment in order to
gauge her students’ understanding of why we have seasons. Following this assessment, the
teacher expressed her dismay to the classroom observers about the students’ level of
understanding. The next class she asked the whole class:

... before we start today, I am going to ask you, is this method of teaching,
having you think and talk about the idea model, an effective way for you to
develop your concepts? Or... do you prefer that the teacher stand saying this is
the earth, this is the moon, and this is how it works. Write that down. Which
methods works for you?

This question encouraged students to think about what strategy they preferred and for them to
express their reasons for a particular type of instruction. Their explanations provide some
evidence of their understanding of the purpose of models in learning and making sense of
science. For some students, they explained how model construction allowed them to express
their own ideas and to review their understanding of concepts in light of new information. In
these cases, modeling helped students move from a lack of understanding and/or the use of naive
conceptions towards the use of a more scientific explanation of their understanding of the science
being studied. Students expressed that being able to describe what was wrong in their thinking
motivated them to look for a better understanding of the phenomena and help them “remember”
and explain why the revised models provided a better explanation of the phenomena. This is
illustrated in the discussion between the teacher, Mike, John, Cynthia, and Gianna:

T: Which idea works for you, Mike?

Mike: the first [the modeling approach]

T: (the teacher clarifies) The idea model, and changing and revising... Why is it working for you,
Mike?

Mike: It helps me retain it better...(not audible), it kind of sticks each thing individually together
and...

T: Even though you might start at this crazy wrong idea, Gianna?

Gianna: | like the first one because (not audible)

T: (The teacher rephrase for the whole class) She said it’s more effective because you get to put
your own ideas down first and then you get to change your mind. Ok, who else have a comment
about this model idea method vs the teacher saying this is the way it is? Sasha?

Sasha: (not audible)

T: (The teacher rephrase for the whole class) You think about it more when you have to write it
down. If you are just told the information, it doesn’t stick. Is that what you said? Cynthia
Cynthia: | have the sort of thing as Sasha, but | also think that the first one is better for me because |
actually get an AHAH... I actually get to see the difference in it than if, like a teacher just saying
how it works.

John: | like the first one more, but with some parts, the second will be better because with some
parts of learning you need to be told what it is and not... not an idea to study [with models or
through modeling] because it makes it hard. But I like the first one more because [...] because you
do that [construct a model] and you have to revise it and it is easy to remember what you thought
was wrong and find out what is right about it.

T: Itis very thoughtful

John: Yeah... because you have to find out how and what is wrong too.
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After experiencing and engaging in different modeling activities, when students were asked their
opinion about the option to use models or a more traditional approach for learning, they voiced
their reasoned opinions of why a modeling approach could be useful in their learning. However,
they also identified how models and modeling could be problematic. For example, Jeremy said
the following about modeling and traditional teaching:

T: is it [model teaching] a risk? Is there a risk of kids getting blocked in a wrong way of thinking?
Jeremy?

Jeremy: (not audible)

T: Ican’t hear you

Jeremy: [he keeps speaking] ... the problem with the first one [modeling] is if it is the wrong idea. ..
at first you might just think that the information was right but you keep revising it [the model]. And
sometimes people don’t want to getting off [Jeremy means changing their ideas]...and if you want to
be strong [Jeremy means right] I guess like you don’t to correct it [the model] and at the end [the
model] is not right.

T: [summarizing and rephrasing Jeremy’s idea]. The risk is for overconfident types that they are not
willing to change

Jeremy: Yeah...

When asked, students articulated their reasons for engaging in modeling as it related to learning
scientific concepts. However students did not express how they would be able to use models to
generate new understanding or to predict how something might work. Thinking about both
learning approaches, students showed that they were cognizant of both limitations and benefits of
using models in learning. Students carefully thought about which teaching method was best for
them and provided thoughtful explanations as to why they would select using models as a
learning tool. These thoughts might provide evidence that students are progressing in
understanding that models are generative tools for prediction and explanation.

We believe these data exemplified the meta-thinking process students were encouraged to
engage in as they used models in their science classroom. However, it does not represent the
generative understanding students applied when constructed and explained their models. In this
case we observed students remaining at levels 1 and 2 of the construct map. In addition, we are
cognizant that in other classrooms students might not have the option for choosing the teaching
method. Thus, these data will help inform iterative changes in the construct map related to the
purpose of models and the sensemaking progress.

Conclusion and Discussion_(need to include more literature) (this section still
needs work)

Each of the studies presented evidence that by using an instructional modeling sequence
that foregrounds the purpose of models and modeling, students can successfully begin to think of
models as generative tools and dynamic changing entities. The models students generated and
revised, as well as their use of modeling as indicated in their written work indicates some shift in
their thinking and practices about modeling that can be traced on the ‘models are generative’
construct map. All three studies report evidence that students moved from thinking about models
as pictures that show a phenomenon toward models as generative tools that help explain an idea.
We found that students were moving toward thinking about models as tools to help show
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thinking, but saw challenges as students’ attended to purposes of communication rather than for
advancing their own ideas.

Studies 1 and 3 showed evidence of students using or applying their models in prompted
use across various assessment measures. Students drew explicitly on models in constructing
explanations and making predictions, both for studied phenomena and extrapolating to new
phenomena. More specifically, Study 1 saw that students were able to apply their consensus
models of evaporation and condensation to the processes within the solar still. Study 3 saw
students using their model of electrical circuits to predict how a light would light in different

situations.
Study 2 and 3 found [that students collected new evidence and revised their models to fit Comment [LK1]: Need to makea
the evidence mapping to the ‘models can change’ construct map. Here, we conclude that comment that students were not always

consistent in this task.

students’ shifted their thinking from models as static entities to understanding that their models
can be changed upon evidence to improve their understanding of a phenomenon. We found
evidence where students revised their models, moving from simply adding detail to adding
salient detail that improved the explanation.

Study 2 also pointed to the value of evaluation during revision of models. Students’
showed some success in moving from unprincipled decisions to consensus models based on
criteria of accuracy and explanatory value. However, this also brings forth the challenge of
developing and using principled evaluation and comparison of models to create consensus
models.

Include other challenges: time for teaching about modeling, the different support structure for the
unit vs. the supplemental activities—the supplemental activities not as supportive as unit.

)

Implications

Our research questions focused on investigating what modeling practices and metamodeling
knowledge elementary students develop over time, and if they connect with one another then
how? What does an understanding of modeling look like? First, this study suggests that a
general instructional modeling sequence is helpful in incorporating modeling practices into
elementary science classes across content areas while it needs to be refined according to each
content area. Second, elementary students can develop fairly accurate concepts of scientific
models as well as metamodeling perceptions after they engage in modeling-based learning
activities. It is important, however, to note that this success requires well-prepared teachers.
Otherwise, these activities may not affect students’ cognitive growth effectively. This leads to
the third, and final implication. More focus should be placed on the modeling frameworkteacher
education and professional development of elementary science teachers. Under this condition,
elementary science classes will be a more meaningful learning opportunity beyond a mere sum
of many activities without coherent scientific ideas.
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