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ABSTRACT

My research focuses on the integration of science and de-
sign through the use of interactive simulations and other
scaffolding tools. I specifically look at patterns of use in
interactive simulations. To conduct this research, I have
developed a curriculum about solar ovens used by middle
school students, during which students are guided by an
online curriculum to design, build, and test physical solar
ovens. This curriculum utilizes interactive simulations as a
tool to help students plan the design for their solar ovens. I
have evaluated scaffolding for the simulation steps, and plan
to evaluate other patterns of student use, based on action
log data.
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1. RESEARCH TOPIC

My research focuses on the integration of science and design
through the use of interactive simulations and other scaffold-
ing tools. I specifically look at patterns of use in interactive
simulations. I conduct this research in secondary schools,
and work in collaboration with teachers. Through my dis-
sertation work, I aim to answer the following questions:

e What types of use patterns in interactive simulations
are beneficial for integrating science and design learn-
ing?

e How can we use tools to support integrated under-
standing in writing activities (e.g.,automated guidance)?

My work is situated in the learning sciences, using tech-
niques from educational data mining and artificial intelli-
gence to understand how students’ activities impact their
learning and how to improve the learning experience. Re-
cently, I have used natural language processing to develop

Proceedings of the 10th International Conference on Educational Data Mining

automated classifiers for multiple short response questions
[6]. Using these classifiers, I plan to develop automated guid-
ance for student writing during the curriculum, which will
deploy during spring 2017. I have also studied student use
of interactive simulations, using log data, feature engineer-
ing, and clustering to make sense of patterns (submitted to
EDM 2017).

To conduct this research, I have developed a curriculum that
is run using an online platform and offers students the op-
portunity to use interactive simulations while they design a
physical artifact. In previous work, I have found that the
simulation is beneficial, especially when students use it dur-
ing the design phase of the curriculum [8]. My work has also
been published in a variety of other conference venues [7, 10,
11, 9].

1.1 Curriculum

My research utilizes a curriculum about solar ovens that
is run using the Web-based Inquiry Science Environment
(WISE). During this curriculum, students design, build, and
test a solar oven. They go through the design, build, test
process two times to get an idea of how engineers iterate
on their designs based on results from testing (Figure 1).
This curriculum was designed using the knowledge integra-
tion framework [5]. The knowledge integration framework
has proven useful for design of instruction featuring dynamic
visualizations [14] and engineering design [1, 12]. The frame-
work emphasizes linking of ideas by eliciting all the ideas
students think are important and engaging them in testing
and refining their ideas [5].

Students are allowed to use only a certain set of materials
(e.g., tin foil, black construction paper, plastic wrap, Plexi-
glas, tape), in addition to a cardboard box they bring from
home. Students use an interactive computer simulation to
test the different materials in their oven. This simulation
helps to elicit student ideas before they get to the building
process, consistent with the knowledge integration frame-
work. The testing portion of the project allows students to
distinguish their ideas.

Throughout the project, students respond to short response
questions about the choices they are making in their design
and how their ovens work. This curriculum is unique, since
it is guided by an online platform, but students also design,
build, and test their solar ovens in a hands on portion of the
project.
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Figure 1: Outline of the solar ovens curriculum

The curriculum takes between 10-15 class periods ( 45 min-
utes per class period). Students complete this project in
groups of 2 or 3 students. Students also complete a pretest
the day before the project begins and a posttest the day after
completing the solar ovens project. Students do the pretest
and posttest individually. The pre-/posttests measure stu-
dent understanding of science concepts and practices.

1.2 Interactive Computer Simulation

The interactive simulation (figure 2) was built using NetL-
ogo [15]. Students can manipulate the simulation in a num-
ber of ways. They can change the cover on top of the oven,
whether or not there is a reflective flap on top of the box,
the shape of the box (wide and short or skinny and tall), and
the albedo (reflectivity) of the inside of the box. Students
may also manipulate the speed at which the simulation runs.
Once a simulation runs to the end of the graph (10 simu-
lated minutes), a new row is added to the table below the
visualization with the settings and results from the trial. If
the students do not allow the simulation to run until the
simulated 10 minutes finish, nothing is added to the table.

The scaffolds we developed for the interactive simulation are
twofold; short response questions direct students to investi-
gate capabilities and limitations of the simulation and an
automatically generated table helps students to keep track
of trials they have run. The table includes information about
all of the settings used in that trial, as well as the results of
the trial at certain time points (e.g. 5 minutes, 10 minutes).

2. PROPOSED CONTRIBUTIONS

Making sure students use interactive simulations to aid in
learning is a difficult task. To try to encourage students to
take advantage of these simulations during learning, various
scaffolding methods have been used. Often, these scaffolds
are implicit, or built into the system with the simulation
[13]. For example, guiding questions are used with inquiry
simulations to direct students’ attention toward certain fea-
tures of simulations [4]. Students are also often encouraged
in science classes to run multiple trials and control variables
between trials (only change one variable between trials). A
control of variables strategy can help students to determine
the effect of a single variable on a more complex system,
although in some cases students may benefit from more ex-
ploratory strategies [12].

Experimental Cover-Type
Choices: Paxgass

. Box Shape Cover Type Flap? Int Albedo Temp at Om Temp at 1m Temp at 5m Temp at 10m
1 Wide and € None No 50 20 24 30.2 315
2 Skinny and None No 50 20 26.2 29.7 311
3 Wide and € Plexiglass No 50 20 256 55.4 53.4

Figure 2: The interactive simulation used by stu-
dents to test solar ovens and visualize energy trans-
formation; below the table simulation is output from
the automatically generated table

Using log files from student interactions with the curriculum
and output from the automatically generated tables (simula-
tion scaffolding), we use feature engineering to identify how
students use the model and whether these uses have an im-
pact on learning. I developed features that have to do with
the control of variables strategy, such as the number of trials
(rows) a student runs and the percent of those trials that are
systematic. These types of techniques have also been used
with more complex simulations and microworlds (e.g., [3,
2]). We use results from pre- and posttests to assess student
learning in tandem with the log data from the curriculum.

The data in this work comes from 635 students across three
schools and five teachers. During this study, students par-
ticipated in a pretest and posttest (each lasting one class
period), as well as the 2-3 week long curriculum. During
the curriculum, students worked in teams of 2-3. These 635
students formed 255 teams.

3. RESULTS

I used pretest and posttest scores to understand the effect of
actions with the simulation on learning. I then examined the
role the number of rows of data a student generated using
the table scaffolding on learning. I found that the number
of rows generated in iteration 1 of the simulation is a signifi-
cant predictor of individual posttest scores, when controlling
for pretest scores and curriculum group (b = 0.10, t(546) =
2.68, p < 0.01). Next, I examined the impact of controlling
variables on learning. I found that the number of Control Of
Variables (COV) Trials run, however, is not quite a signifi-
cant predictor of posttest score, when controlling for group
and pretest score (b = 0.06, t(546) = 1.63, p = 0.10). In
addition, using a dummy variable for conducting any COV
Trials does not significantly predict posttest scores when
controlling for pretest scores and group (b = 0.005, t(546)
= 0.13, p = 0.90). Together, these results indicate that the
control of variables strategy, while a good practice in sci-
ence, is not as helpful for developing an understanding of
the scientific principles at play in a simulation. More ex-
perimentation using the model is beneficial for developing a
better understanding of the scientific concepts.

I then split the students up based on their actions during the
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simulation step (did not generate any rows in table, gen-
erated one row, generated 2 or more rows). I found that
generating 2 or more rows in the table significantly predicts
posttest scores, when controlling for pretest score and work-
ing group (b = 0.12, t(546) = 3.11, p < 0.01), though gen-
erating no rows or 1 row were not significant predictors. I
also developed a variable, Percent Systematic, that is the
percentage of the total rows a group generated that used
the control of variables strategy. This variable has the abil-
ity to show more nuance in how students were employing
the control of variables strategy, but was also not predictive
in determining posttest scores, when controlling for pretest
and group id (b = 0.05, t(508) = 1.32, p = 0.188).

There were also two short response scaffolding questions on
the same step as the interactive simulation. I generated a
variable based on the number of questions students answered
(0, 1, or 2). This was predictive of posttest score, when
controlling for pretest score and group id (b = 0.10, t(546)
= 2.56, p = 0.011).

Overall, evidence suggests that students should be encour-
aged to experiment with the model and guided to produce
at least two rows of data in the table to improve learning
outcomes and use the short response questions. Perhaps
changing more than one variable at a time in this type of
environment indicates that students are spending more time
thinking about possible outcomes. I have further examined
this data using k-means clustering algorithms.

4. FURTHER QUESTIONS

I have finished the majority of data collection for my disser-
tation. I will conduct one more study during the spring of
2017, and there will be the potential for a follow-up study
later. This is an important time for me to get feedback on
my work, especially on the analysis of the action log data I
have collected from over a thousand students. I will begin
the writing phase of my dissertation work during the sum-
mer, and expect to complete my dissertation within the next
12 months.

During the doctoral consortium, I would like to discuss the
following:

e How to assess patterns in student actions in interactive
simulations (Tools and packages for doing this and as-
sessment of what it means to be a meaningful pattern)

e Designing studies that integrate education theory and
data mining

e Assessment of inquiry skills in online environments

Use of event logs in online curriculum to assess student
use of curriculum and how this can be used to assess
learning in tandem with other methods
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