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Fostering Students’ Epistemologies of Models
via Authentic Model-Based Tasks
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A curriculum unit for middle school Earth Science called “What’s on Your Plate?” was de-
signed. The unit was implemented in several middle and high school classrooms in California
and Massachusetts. In the first implementation, the total number of students who partici-
pated was 1100. The unit was designed with two main pedagogical principles: make thinking
visible, and help students learn from one another; both were derived from an inquiry-based
framework. With these two main pedagogical principles as a larger guiding framework, we
designed the curriculum to provide students with rich, iterative model-based activities for
students to both learn with and provide criteria for them to critique their peers’ work from
the opposite coast. The goal here was to influence students’ understanding of the domain as
well as their understanding of the nature of models in science by engaging them in an au-
thentic context in which they constructed and reasoned with models, as well as critiqued the
models of their peers. Data from 15 classrooms is described both in terms of the gains stu-
dents made of their understanding of the nature of models as measured by pencil and paper
survey administered both before and after the unit. In addition, a small subset of students’
data is shown to illustrate advances in students’ understanding of models. Lastly, we show
how students with more sophisticated epistemologies of models are better able to further
their content understanding as compared to students with less sophisticated epistemologies of
models.

KEY WORDS: model-based learning; learning with technology; collaborative learning; learning in plate
tectonics.

INTRODUCTION

Current reform efforts seek to improve science
understanding of our citizens as a whole by promot-
ing lifelong learning such that knowledge can be in-
tegrated across topics in school and applied to real-
world problems (Linn, 1999), such as understanding
scientific findings described by the media. Being scien-
tifically literate includes understanding science con-
tent, having scientific process and inquiry skills, and
understanding the nature of science, i.e., what is taken
as evidence (Perkins, 1986). Thus, in order to address
scientific literacy effectively, we need to take into ac-
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count the factors influencing each of these three as-
pects of science learning. Specifically, to address un-
derstanding of content knowledge, we need to take
into account the repertoire of models students bring
to instruction (Inhelder and Piaget, 1958; Linn et al.,
1994); to address process and inquiry skills, we need
to design rich tasks that engage the learners in mean-
ingful ways (Linn, 1999); and, to address epistemic
understanding, we need to address students’ (naive)
views about the nature of science (Carey and Smith,
1995; Grosslight et al., 1991; Smith et al., 1999).

More recently, it has been argued that an im-
portant part of epistemic understanding also includes
students’ epistemologies of the nature and purpose
of scientific models. Here we argue that the degree
to which models can serve as usable representations
of scientific phenomena depends on students’ ability
to understand models as abstracted representations
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of scientific phenomena, i.e., students’ epistemologi-
cal understanding of the nature of scientific models
and their purpose as an explanatory framework of
the scientific phenomena under inquiry (Gobert and
Discenna, 1997; Schwarz and White, 1999). We also
argue that epistemology is an important learner char-
acteristic and as such is crucial to both unpacking how
students learn from models (Gobert, 2003) and how
to better design model-based learning materials.

The widespread use of technology in schools can
provide great potential for impacting science instruc-
tion and science literacy (Linn, 1999), particularly if
the design of our learning environments and activities
engaged therein are guided by pedagogical principles
informed by educational research. Despite technol-
ogy’s ubiquitous and ever increasing use in all levels
of education, its potential offerings for science un-
derstanding, and the recognized importance of em-
bedding technology within the science curricula (Linn
et al., 1994), there are a plethora of issues, both theo-
retical and applied, which are unaddressed in research
to date. Two of these key issues that are addressed in
this paper are: How can we use the technology effec-
tively to promote deep learning in line with epistemic
goals? and How can we identify change in students’
epistemic understanding?

Theoretical Background

The proposed work draws upon varied liter-
ature bases from Cognitive Psychology and Sci-
ence Education, namely, causal models (White, 1993;
Raghavan and Glaser, 1995), model-based reason-
ing (Gilbert, 1991; Gobert, 2000), model gener-
ation and comprehension (Gobert, 1994; Gobert
and Frederiksen, 1988; Kindfield, 1993; Larkin and
Simon, 1987), text comprehension (van Dijk and
Kintsch, 1983), explanation and self-explanation
(Chi et al., 1994; Coleman, 1995; Gobert, 1997a),
computer-supported learning (Linn and Hsi, 2000;
Scardamalia et al., 1989), science inquiry projects
(Glaser, 1976; Champagne et al., 1980; Driver et al.,
1985; Collins et al., 1991; White and Frederiksen,
1998; Linn and Hsi, 2000), and epistemology, both
in general (Schommer, 1990, 1993), and epistemology
of science in particular (Smith and Wenk, 2003; Bell
and Linn, 2002). The two theoretical frameworks most
heavily relied on are model-based learning (Clement
et al., 1989; Gobert and Buckley, 2000) and students’
epistemologies of science (cf. Carey and Smith, 1995).
Each will be addressed in turn. We also include an

overview of WISE (Web-based Inquiry Science Envi-
ronment; Linn and Hsi, 2000), and its curricular design
principles since the present curriculum was designed
and implemented using WISE.

Model-Based Teaching and Learning

In model-based learning, it is assumed that learn-
ers construct mental models of phenomena in re-
sponse to a particular learning task (assuming the task
has engaged the learner) by integrating pieces of in-
formation about the structure, function/behavior, and
causal mechanisms. Reasoning with a model may in-
stantiate evaluation of the model, leading to its revi-
sion or elaboration. Model revision involves modify-
ing parts of an existing model so that is better explains
a given system. For a more thorough description of
this learning framework, see Gobert and Buckley
(2000). In the present research, it is assumed that stu-
dents construct and revise mental models as a result
of engaging in model-based tasks. It is also assumed
that students have content-specific prior knowledge
in the form of mental models of phenomena that they
bring to bear on the tasks in which they are engaged
(Gobert, 2000).

Epistemology and Science Learning

Currently research on students’ epistemologies
encompass a broad range of perspectives and its
definition remains controversial (Schommer-Aikins,
2002). At one end, students’ epistemologies are de-
scribed as stable, unitary structures such as traits that
have a development or stage-like progression (cf.,
Perry, 1970, Carey and Smith, 1995; Smith and Wenk,
2003). Schommer departed from the developmen-
tal, unitary trait viewpoint by describing epistemol-
ogy as a set of four beliefs including the stability of
knowledge, the structure of knowledge, the speed of
knowledge acquisition, and the control of knowledge
acquisition; these may mature at different rates and
are domain-specific (cf. Schommer-Aikins, 2002). At
the farthest end of this continuum is the notion that
epistemologies are best described as a situated, highly
contextualized set of resources that students bring to
bear on science problems at hand (Hammer, 1994;
Hammer and Elby, 2002).

Research studies on epistemology have ad-
dressed students’ views of the nature of learning in
general (Schommer, 1990, 1993; Hofer and Pintrich,
2002) and in specific domains including science (Linn
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et al., 1991; Hammer, 1994, 1995; Carey and Smith,
1995). More targeted studies have shown that stu-
dents’ epistemologies can influence students’ learn-
ing outcomes (Songer and Linn, 1991; Perkins et al.,
1993). Other studies have investigated the influence
of science learning on views of science (Carey and
Smith, 1993; Davis, 1998; Chen and Klahr, 1999);
however, results here were not consistently positive
(Burbules and Linn, 1991; El Khalick and Lederman,
2000). A third set of studies are those that promote
inquiry intertwined with learning disciplinary science
knowledge. Here, Songer’s computer as lab partner
(Songer, 1989) showed that students’ views of sci-
ence were altered alongside their content learning.
Bell (1998) who engaged 25 classes of students in col-
laborative debate about and argumentation about a
controversial science topic also found that students
made epistemological gains as well as significant gains
in content understanding. The present research falls
into this last category; namely, that students’ episte-
mologies evolve alongside students’ content learning.
In fact, we suggest that engaging students in authentic
scientific inquiry is an excellent pedagogical approach
for promoting students’ content learning, inquiry skill
development, and understanding of the nature of sci-
ence and of scientific models.

Scaffolded Knowledge Integration: WISE and Its
Pedagogical and Philosophical Principles

One learning environment which was designed to
promote integration of science content, scientific in-
quiry skills, and epistemic knowledge is WISE3 (Web-
based Inquiry Science Environment) developed by
Marcia Linn and her group at University of California
at Berkeley. WISE is an integrated set of software
tools coupled with a project-based framework for
middle and high school science curriculum focused
around Web resources (Linn and Hsi, 2000). WISE
which is based on over 10 years of research on
knowledge integration is informed by its precursor,
KIE (Knowledge Integration Environment; Linn and
Hsi, 2000), and has a suite of tools to engage stu-
dents in many types of scientific inquiry, includ-
ing prompted reflection, electronic discussions, evi-
dence sorting and argument mapping, collaborative
search for evidence, collaborative design, and analy-
sis and reporting (Linn, 1998). The four basic peda-
gogical principles for scaffolded knowledge integra-

3For more information, see http://wise.berkeley.edu/WISE/index.
html

tion embedded in WISE are: make science accessi-
ble for all students; make thinking visible; provide
social support so that students can learn from each
other; and promote autonomy and lifelong learning
(Linn and Hsi, 2000).

Domain Studied

This domain was chosen for two reasons. First,
it is an excellent domain in which to investigate stu-
dents’ model building because of the important role
that model building and causal reasoning play in un-
derstanding the hidden mechanisms, e.g., convection
underlying continental drift, earthquakes, volcanoes,
mountain formation, and sea floor spreading. Briefly,
the theory of plate tectonics states that the outer
layer of the earth (the crust) is broken up into slabs
(the plates) which move on the partially molten
layer of the earth (the mantle) due to the convective
movement of hot magma in the mantle (Feather et al.,
1995; Plummer and McGeary, 1996). Additionally,
it is an excellent context in which to study students’
epistemologies of models both because there are
many excellent models with which to engage learners
in model-based tasks, and theory of plate tectonics
is a good example of the dynamic nature of science,
how scientific inquiry proceeds, and how a hypothesis
can be proposed, discarded, modified, and then
redefined, as it was in the case of Wegner’s original
theory of plate tectonics (Le Grand, 1991).4

Relevant Background to Present Research

Fostering Students’ Learning via Modeling and
Interaction of Epistemology With Modeling

The proposed research draws on previous find-
ings on modeling in continental drift and plate tec-
tonics with middle school students. Briefly, studies
conducted to date have addressed: the effects of a
multimedia environment, CSILE (Scardamalia and
Bereiter, 1992), on students’ graphical and causal ex-
planations of continental drift (Gobert et al., 1993);

4The theory of plate tectonics has changed our entire concept of
earth dynamics in the past 35–40 years; earlier the idea of conti-
nental drift rated little more than a footnote in most introductory
geology textbooks. As such, the theory of plate tectonics repre-
sents a major revolution in earth science (Plummer and McGeary,
1996) because it combines hypotheses about continental drift and
sea floor spreading in order to provide a unified explanation of
the past, present, and future geographic distribution of the earth’s
landmasses and oceans (Bencloski and Heyl, 1985).
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the nature of students’ preinstruction models of plate
tectonics and learning difficulties encountered in this
domain (Gobert, 2000); causal reasoning associated
with models of varying levels of integration and the vi-
sual/spatial inferences afforded on the basis of models
(Gobert, 2000); the benefits of student-generated dia-
grams versus summaries (Gobert and Clement, 1994,
1999) and student-generated diagrams versus expla-
nations on content learning (Gobert, 1997a); the influ-
ence of students’ epistemologies of models on learn-
ing in this domain (Gobert and Discenna, 1997); and
the use of modeling and on-line collaboration as a
means to promote understanding of content, inquiry
skills, and epistemic understanding (Gobert et al.,
2001; Slotta et al., 2001; Gobert et al., 2002a,b).

Research on Students’ Epistemology of Models
and Its Relationship to Content Learning

Since learning in the domain of plate tectonics
involves understanding and reasoning with models, a
previous pilot study was conducted in order to ad-
dress whether one’s epistemology of scientific models
influences the characteristics of the models students
construct, and the inferences which are made on the
basis of these models (Gobert and Discenna, 1997).
The underlying hypothesis here was that students with
a better understanding of the nature of scientific mod-
els would be better able to construct models and use
these to make inferences about plate-tectonic-related
phenomena. No significant differences were found be-
tween those with a more (or less) sophisticated episte-
mology of scientific models for the understanding the
spatial aspects of the domain (F = 0.001, p = 0.98;
meannaive epist = 6.0, meansophisticated epist = 6.3) or for
the understanding of causal/dynamic aspects of the
domain (F = 0.075, p = 0.79; meannaive epist = 11.9,
meansophisticated epist = 12.7). However, those with a
more sophisticated epistemology of the nature of
models were better able to make inferences about
other causal mechanisms involved in plate tectonics,
e.g., convection as compared to their epistemolog-
ically less-sophisticated counterparts (F = 4.7, p =
0.045; meannaive epist = 2.4, meansophisticated epist = 5.7)
(Gobert and Discenna, 1997); that is, those who held
more sophisticated epistemologies of science were
better able to transfer what they had learned in or-
der to answer more difficult conceptual items involv-
ing in the causal mechanisms of plate tectonics. Ques-
tions used to assess this were (a) explain why and how
earthquakes are formed; (b) explain what convection
zones are and where they occur; and (c) explain the
difference between volcanic eruption caused by plates

moving apart and volcanoes which are caused by the
collision of an oceanic plate and a continental plate.
These findings are consistent with studies of the ef-
fects of epistemology on integration of science infor-
mation acquired from text (Rukavina, 1991; Rukavina
and Daneman, 1996) and the effects of epistemology
on integration of science concepts in general (Songer
and Linn, 1991).

Present Research

The present work builds on and extends my ex-
isting research in order to design, test, and refine rich
tasks for middle and high school students for learning
in the domain of plate tectonics. The unit, “What’s
on your plate?” was designed using the relevant liter-
ature on learning in Earth Sciences, namely, miscon-
ceptions of plate tectonics of both the inside structure
of the earth and of the causal mechanisms underlying
plate-tectonic-related phenomena (Gobert and
Clement, 1999; Gobert, 2000), and findings about
students’ knowledge integration difficulties in this do-
main (Gobert and Clement, 1994). The unit was also
designed using two of the four WISE design principles
(Linn and Hsi, 2000); namely Making Thinking Visi-
ble and Help Students Learning From One Another.

Make Thinking Visible

In the research presented, making thinking vis-
ible takes on a different meaning than that which
was originally proposed by Collins et al. (1991). Here,
we extend the notion of “making thinking visible” to
utilize visual modes of representation in two ways:
(1) engage students in drawing tasks to make their
models explicit and use these as knowledge artifacts
for both model revision as well as collaborative dis-
course, and (2) provide students with a set of dynamic,
runnable models of plate tectonic phenomena. Here,
students use the runnable prototypes to visualize dy-
namic, causal, and temporal processes in order to test,
critique, and revise their own models. WISE prompts
students to justify and explain their changes in or-
der to reify learning. Prompts to be designed include
“What does your new model include that it didn’t be-
fore?”, and “What does your new model describe or
explain that it didn’t before?”

Help Students Learn from One Another

In the research presented we sought to facili-
tate students’ understanding of the nature of models
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by giving them model-based tasks such as those de-
scribed above, as well as by giving them opportunities
to think critically about their peers’ models and write
formal evaluations of them.

The Unit: “What’s On Your Plate?”

The “What’s on your plate?” unit the students in
modeling activities (the topic of the present paper),
in the following ways:

1. Students’ Model Building and Explanation of
Their Models. Students were asked to con-
struct in WISE visual models of plate-tectonic-
related phenomena; that is, each pair of stu-
dents drew a model of how mountains are
formed (East coast only) while students on
the West coasts drew models of earthquake or
volcanic eruption. Students were then asked
to write in WISE a short explanation for their
models with the following prompt “Now that
you have drawn your model, write an expla-
nation of what happens to each of the lay-
ers of the earth when an earthquake erupts
(or a mountain is formed, a volcano erupts).”
Once students had done these two steps,
they posted their models and explanations
for their learning partners on the opposite
coast.

2. Students’ Evaluation and Critique of the
Learning Partners’ Models. Students read two
pieces of text in WISE called “What is a
Scientific Model? And “How to evaluate a
model?” in order to give them some ba-
sic knowledge with which to evaluate their
leaning partners’ models. Then students were
prompted to critique learning partners’ mod-
els using prompts that were presented in
WISE. The prompts include
1. Are the most important features in terms of

what causes this geologic process depicted
in this model?

2. Would this model be useful to teach some-
one who had never studied this geologic
process before?

3. What important features are included in
this model? Explain why you gave the
model this rating.

4. What do you think should be added to this
model in order to make it better for some-
one who had never studied this geologic
process before?

These prompts were designed to focus students’
thinking about models in two general ways: causal
mechanisms/processes depicted (Items 1 and 3), and
the model as a communication tool to learn or reason
with (Items 2 and 4). Prompts similar to the latter have
been successful in getting students to generate rich
explanations (Gobert, 1997b; in preparation), and it
was believed that they might be successful here as
well in getting students to think about how useful a
model is as a tool for communication purposes. Once
students discussed the evaluation with their in class
partner (computer partner), they then posted their
evaluation for their opposite coast learning partners
to evaluate.

3. Students’ Model Revision and Justification.

Students read the evaluation that was written
and posted by their learning partners on
the opposite coast. They were the asked to
revise their models based on the critique
from their learning partners as well as the
content knowledge they had learned from
the unit (the model-based content activities
will be discussed next). They were also asked
to write a revised explanation for their new
models. Lastly, here students were asked to
justify their changes to their models in WISE
in order to engage students in reflection
about how their understanding had changed.
Prompts here include

“I changed my original model of . . .

because it did not explain or include. . . .”

“My model now includes or helps
explain. . . .”

“My model is now more useful for someone
to learn from because it now includes. . . .”

“I revised this on the basis of my learn-
ing partners’ critique in the following
ways. . . .”
“I revised this on the basis of the activities
in these WISE units. . . .”

4. Geology Websites. As part of the unit students
do an on-line field trip and are guided to visit
multiple USGS websites with current data in
order to the differences between the coasts
in terms of their mountains, volcanoes, and
earthquakes. After each “site visit,” students
write a relfection note for their learning part-
ners on the oppoiste coast about what they
have learned about earthquakes, volcanoes,
and mountains on their coast. This reflection
note is posted for the learning partners to
read and relfect on in terms of how the
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data observed differ from that of their own
coast.

Students also visit a plate boundaries website
in order to speculate about how the location, fre-
quency, and magnitude of geological events (moun-
tains, earthquakes, and volcanoes) “observed in Ac-
tivity 2 are related to plate boundaries in the earth’s
crust. After visiting the plate boundaries website, stu-
dents are asked to write a Reflection Note with the
following prompt: Write one (or two) question(s) you
have about plate boundaries or plate movement that
will help you better understand why the geologic pro-
cesses on the West and East coasts are different. Stu-
dents revisit these questions in a Discussion Forum
later in the unit.

5. Dynamic-Runnable Models. These models
were designed in line with previous research
which has shown that visualization facilitates
the understanding of dynamic phenomena
(Monaghan and Clement, 1995) and that mid-
dle and high school students can understand
rich dynamic concepts if provided with the ap-
propriate scaffolds and tools (Jackson et al.,
1994; Ploger and Della Vedova, 1999; Fred-
eriksen, White, and Gutwill, 1999).

Students view and read about the different types
of plate boundaries, namely, collisional, divergent,
convergent, and transform boundaries in order to be-
gin to think about how the location of and type of
plate boundary are related to geological occurences
on the earth’s crust. Students reify their learning
by writing reflection notes about what types of ge-
ological events are typical of specific types of plate
boundaries.

Students also visit a model of mantle convection
which is accompanied by a text which scaffolds their
understanding of the dynamic and causal features of
the model by directing their processing of the causal
and dynamic information in the model as it “runs.”
Students write a reflection note to explain how pro-
cesses inside the earth relate to plate movement.

Lastly, students visit a series of dynamic mod-
els which depict different types of plate con-
vergence, namely, oceanic–oceanic convergence,
oceanic–continental convergence, and continental–
continental convergence. Again, students’ under-
standing is scaffolded via a text which direts their pro-
cessing of the causal and dynamic information in each
model as it “runs.”

Research Approach and Questions

In order to address our research question, we
used a design study approach (Linn, 1999; Brown,
1992; diSessa, 1991). Design studies are used to in-
vestigate the impact of decisions about curricular ma-
terials with the express goal of redesigning them in
accordance with the findings obtained (Linn, 1999).5

We take the design study approach since this is the
approach which works best with classrooms in which
WISE is fully integrated into the science instruction.
Our questions were: does model-building, learning
with dynamic runnable visual models in WISE, and
the process of critiquing peer’s models promote a
deeper understanding of the nature of models in sci-
ence? and Is there a relationship between students’
epistemologies of models and their content learning?

METHOD

Participants

Approximately 1100 students participated in
the Spring 2001 implementation of “What’s on
your Plate?” These were drawn from 34 middle
and high school classrooms across California and
Massachusetts. From this large data set, data from
15 middle school classrooms was chosen for analysis
in this paper. These data represent students from
three different teachers (one in California and two
in Massachusetts) each with five science classes. The
total number of students upon which this subset is
based is approximately 360. The students from one
class on the West coast were partnered with the
students from two classes on the East coast because
of the differences in class sizes. Five such sets or
“virtual classrooms” (referred to as WISE periods)
were created in WISE.

Students were paired within their respective
classes and then paired within their virtual WISE
classes; thus, two students on the East coast were col-
laborating on line with two students on the West coast.
Pairing students is typical in WISE classrooms as it
stimulates discussion and deeper learning than stu-
dents working alone (Linn and Hsi, 2000).

Procedure

Pretest and Posttest. Students were given pen-
cil and paper survey to assess both their content
5Findings from the 2001 was used to revise the curriculum unit and
the new unit was implemented again in Spring 2002.
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knowledge of the plate tectonics (see Gobert
et al., 2002a for details; Gobert, submitted, and
www.mtv.concord.org), and their understanding of
the nature of models both before and after the unit;
the same test was given before and after. The nature
of models part of the test was adapted from Gobert
and Discenna (1997), and includes the following
questions:

How would you describe what a model (in science)
is to someone who didn’t know this term. Give two
examples of models.

What are models in science used for?

How close does a model have to be to the real thing?

What is important to include in a scientific model?

Can scientists have more than one model for the same
thing? Explain your answer.

Are there circumstances that would require a model
to be changed? If yes, what are they? If no, why not?

These questions were each scored using a scheme
ranging from 0 to 3 to reflect increasingly more sophis-
ticated epistemologies respectively. Further informa-
tion about the coding scheme can be seen in Gobert
et al. (2002b) or Gobert and Discenna (1997).

RESULTS

The data analysis is described in three parts. The
first part describes the increases made in students’ un-
derstanding of the nature of models as measured by
pre–post gains. The second part describes examples
of pre–post gain in specific students. The third part
describes an analysis which compared the postunit
content knowledge of epistemologically sophisticated
versus epistemologically naı̈ve students.

Part 1

Analysis of Variance of WISE Periods 1–5.
Analysis of variance was used on the total pre- and
postscore on the models survey and computed for
each WISE period (1–5). Again, since this is a design
study, we are not comparing these to a “control”
group, so the purpose of the analyis of variance
is to get a general sense of whether the students’
undersanding of the nature of models (as measured
by the survey) had changed after the unit.

In all five WISE periods, we found a significant
change from the pre- to the posttest; thus, it appears
that the unit promoted epistemological change in
the students. In each WISE period, collapsing over

Table I. Summary of Epistemological Gains for
Each WISE Period

F value p value

WISE Period 1 16.046 =.0002
WISE Period 2 40.95 <.0001
WISE Period 3 54.80 <.0001
WISE Period 4 35.77 <.0001
WISE Period 5 75.51 <.0001

teacher, the effect is significant. See Appendices A1,
A2, A3, A4, and A5 for the relevant ANOVA table,
tables of means and standard deviations, and figures.
See Table I for a summary of these findings.

Part 2

In this section, examples of students’ responses
on the pre- and posttest data are given to show how
students’ understanding of models changed as a result
of the model-based unit, “What’s on your plate?.” In
the examples given, the scoring is in parentheses, e.g.
(2) and the italicized parts show why it was coded as
such.

Question 1: How would you describe what a model
(in science) is to someone who didn’t know this term?

Subject S. W.

Pre: “Cardboard box, slinky” (draws pictures of
each) (1)

Post: “A model visually shows something. One
model could stand still, another could move.” (draws
pictures—2D earth with plain, plateau, lake, and a
wave over land) the wave moves (2)

Subject K. F.

Pre: no response (0)

Post: “I would describe a model as a symbol for some-
thing in the real world or almost a visual dictionary
for a process in science. A model in science could
show making of volcanoes, like what we did in the
WISE project or even the formation of a log into
petrified wood.” (3)

Question 2: What are models in science used for?

Subject M. X.

Pre: “They are used to explain information.” (2 am-
biguous use of explain)

Post: “Showing people how and why things happen.”
(3)
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Subject K. F.

Pre: “To show something that happens for science in
a smaller area.” (2 ambiguous use of happens)

Post: “Models in science are used for showing a pro-
cess that happens in real life that is hard to make a
copy of, such as formation of volcanoes.” (3)

Question 3: How close does a model have to be to the
real thing?

Subject J. B.

Pre: “A model has to almost be exact to be the real
thing.” (1)

Post: “A model has to be pretty close to the real thing
if it’s going to show something happening.” (2)

Subject M. B.

Pre: “It could be anything that has something to do
with your topic. If you had to do a model of a cat, you
could do a poster with pictures.” (0)

Post: “A model just has to show what it is or how it
works, so it really depends on the project.” (3)

Question 4: What is important to include in a scientific
model?

Subject J. G.

Pre: “All the different parts of the model.” (1)

Post: “An important thing to remember to include
in a scientific model is a key, labels, or some kind of
information that would help us to better understand
it.” (2)

Subject J. C.

Pre: “So you do not make a mistake on the real thing.”
(2)

Post: “The details and movement to prove things.”
(3)

Question 5: Can scientists have more than one model
for the same thing?

Subject K. W.

Pre: “No, because for each thing you could include
all the information in one model.” (0)

Post: “Yes, because there can be more than 1 different
way to solve the problem.” (3)

Subject N. L.

Pre: no response (0)

Post: “Yes, they can because not all the scientists are
going to have the same evidence and explanation on
something.” (3)

Question 6: Are there any circumstances that would
require a model to be changed?

Subject J. C.

Pre: “Yes, if it has some glitch that is bad.” (1)

Post: “If something is built wrong they have to change
it or add variables.” (3)

Subject A. M.

Pre: “Yes, because if something happens and the
model shows the way it was before it changed then it
would be wrong.” (2)

Post: “Yes if more research proved the thing
wrong.” (3)

Part 3

After analyzing the pre–post gains of the stu-
dents, we sought to investigate whether the students
with a more sophisticated epistemology of the nature
of models also scored higher on the postunit assess-
ment of the content covered in the unit. In accordance
with a previous pilot study (Gobert and Discenna,
1997), we hypothesized that those with a more sophis-
ticated understanding of the nature of models might
be able to drive their content understanding further
than their epistemologically naı̈ve counterparts. To
address this, we selected from five randomly selected
WISE periods (n = 350), the students who scored in
the upper third on the epistemology of models survey
as well as those who scored in the lower third on the
epistemology of models survey. These students were
grouped into two categories forming the indepen-
dent variable, i.e., epistemologically sophisticated
versus epistemologically naı̈ve, respectively. Prior
knowledge, as measured by the pretest (identical to
the posttest) was used as a covariate, thereby holding
constant any possible effects on the posttest due to
prior knowledge. Analysis of variance was conducted
using content knowledge as measured by the posttest
as the dependent variable. Our hypothesis was
confirmed; that is, those who were more epistemo-
logically sophisticated scored significantly higher
on the posttest than did their epistemologically
naı̈ve counterparts (F = 4.10, p = 0.04).6 We inter-
pret these findings to mean that those who had a
more sophisticated understanding of the nature of

6It is also important to note that the interaction between episte-
mology level and prior knowledge was not statistically significant
indication the covariate (prior knowledge) had a similar effect for
both levels of epistemology.
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models were better able to use this knowledge to
impact their content learning as compared to their
epistemologically less-sophisticated peers.

DISCUSSION

This research utilized a state of the art science
learning environment, WISE (Linn and Hsi, 2000),
to promote deep learning of subject-matter material
in plate tectonics (Gobert et al., 2002a) and to fos-
ter students’ epistemological knowledge of the na-
ture of scientific models. We effectively implemented
the “What’s on our plate?” curriculum into multiple
classrooms. Results from the study suggest that stu-
dents achieved a deeper understanding of the nature
of models, as evidenced by significantly higher scores
on the posttest; furthermore, we assume that this was
due to their experiences with the unit.

Further data analysis is necessary in order to
characterize students’ reasoning with models as a pos-
sible index of how their understanding of models is
used in situ. This is particularly important since there
is currently debate as to whether students’ episte-
mologies can be measured using a pencil and paper
task (Hammer, 2001). Additional analysis of this data
(which is stored on the WISE server) will provide in-
sight into this, in particular if those who have a very
sophisticated understanding of models are also able
to better use this knowledge to reason with mod-
els, do model critiquing, etc. Regardless of whether
one believes that views of science influence learning,
that pedagogies influence views of science, or whether
epistemologies and content learning coevolve, there
is some consensus that in order to understand the re-
lationship between epistemology and science learning
more fully, we need to develop more fully our under-
standing of the construct of epistemology (Smith and
Wenk, 2003; Hammer and Elby, 2002). The present
work attempts to provide some insight into the nature
of students’ epistemologies in an authentic learning
context.

In this program of research, we are also inter-
ested in characterizing how epistemologies impact
content learning. Our results showed that epistemo-
logically sophisticated students also made greater
content gains as compared to their epistemologi-
cally less-sophisticated peers. We believe that stu-
dents’ epistemological knowledge is being harnessed
or bootstrapped to support students’ content learn-
ing; that is, if a student has a better understanding
of the nature of models and how models are used to
make predictions, etc., the students is likely to make

use of this knowledge when learning from and rea-
soning with models. Further research is necessary in
order to more fully characterize how epistemological
bootstrapping supports the learning of content knowl-
edge. Further research is also necessary to extract the
possible effects due to general intelligence.

Summary

In many research programs to date, students
are presented with models to learn with (Raghavan
and Glaser, 1995; White and Frederiksen, 1990). A
“second generation approach” has engaged students
in tasks which require them to construct their own
models for deep content learning (Gobert and
Clement, 1994, 1999; Gobert, 2000; Penner et al.,
1997). The present research extends this vein of
progressive model-building in science education (cf.,
Raghavan and Glaser, 1995; White and Frederiksen,
1990) by having students critique each other’s models
as a way to promote deep understanding of both con-
tent as well of the nature of models. Furthermore, our
modeling tasks are scaffolded using a model-based
scaffolding framework (Gobert, 2003) which supports
learners. More specifically, we provide students with
appropriate guidance in order to construct and revise
their own models, and reify what they have learned by
reflecting on what their revised models help them ex-
plain that their original one did not. We scaffold their
knowledge acquisition from models which is impor-
tant since all information is presented simultaneously.
We also guide students to pose questions in order to
move their understanding forward, reflect on their
own understanding, evaluate and critique their peers’
models, and lastly, provide opportunities for students
to reify what they have learned and transfer it to other
situations. We argue that engaging and supporting
students in authentic model-based learning promotes
both deep understanding of content knowledge
(Gobert et al., 2002a) as well as deep understanding
of models and how they are used in science. It is
believed that curricula such as this one which is
designed in line with students’ prior knowledge and
designed to support students’ inquiry skills and epis-
temological development can significantly scientific
literacy in the long run (Linn and Muilenberg, 1996).
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APPENDICES

Appendix A1: Statistics and Figure for Period 1 Epistemological Gains
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Appendix A2: Statistics and Figure for Period 2 Epistemological Gains
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Appendix A3: Statistics and Figure for Period 3 Epistemological Gains
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Appendix A4: Statistics and Figure for Period 4 Epistemological Gains
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Appendix A5: Statistics and Figure for Period 5 Epistemological Gains
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