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Using a Canon Digital Rebel Ti w/ a 28mm to 220mm
Promaster© zoom lens, “Fall’s Window” was shot by Michael
Couch, in October of 2011 outside a shop built of limestone,
in a small town along the Mississippi River in Southwest
Wisconsin. Using its clinging roots, the vine is climbing the
limestone wall. These same roots are serving as an agent of
erosion, and will, in time, bring the limestone structure to its
knees. Michael Couch can be reached at couchontheriver@
mchsi.com
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Exploring the Efficacy and
Engagement of a Glacial Melting
Simulation
Satyugjit Singh Virk, Department of Human Development, Teacher’s College
Margaret Turrin, Lamont-Doherty Earth Observatory
Lenin Compres, Department of Human Development, Teacher’s College
Columbia University, New York, NY

Abstract
It can be difficult for students to relate abstract representations of Earth features to
processes and concrete changes in their everyday world. This article describes the study
of the use of an interactive simulation designed to help students understand how glacial
melting affects sea level rise by using interactives that link glacial contour maps to visualizations of glacial melting and the resulting sea level rise. Students using this simulation
reported high engagement scores and performed well on comprehension questions.
Practical applications of the learning framework used to design the simulation and
updates to the simulation based on this study are also discussed in this article.

Introduction
From maps alone, students often have great trouble gleaning deep insights about earth science
processes. The aim of this project was to develop a simulation that linked glacial contour maps
to an interactive glacial melting and sea level rise simulation in a context to which students could
relate. A small test study was conducted using students in the range of middle and high school
aged students. The goal was first, to determine if an interactive simulation would enhance learning
and motivation, and the second, was to use this data to enhance the design of this simulation and
contribute to the development of additional simulations.

Cognitive Basis for Simulation Design
This project is framed in a nested set of cognitive theories. ‘Visuo-spatial functions’, the analysis
and understanding of spatial relationships, requires the brain’s highest level of visual processing.
Creating and manipulating mental models of complex physical systems, in this case, the glacial
melting and calving processes, places a heavy burden on the visuo-spatial working memory of
students. Cognitive load theory is an instructional theory that (Sweller et al., 1994) states individuals need to reduce unnecessary mental load because memory stores, like visuo-spatial memory, are
limited in what they can store (Baddeley, 1992). According to Kozma (2003), it is important to link
abstract and concrete representations on multiple levels to promote optimal comprehension for a
complex domain. Spiro (1995) also advocates presenting students with a diversity of related representations to help them understand a complex domain thoroughly, and from many perspectives.
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Lastly, according to Segal’s (2011) work on interactive gestures, having students perform interactively with visual media can serve to enhance learning and motivation for these complex domains.
Accordingly, a glacial simulation was designed (http://www.lawschoolaids.com/polar/IceMeltingP.
swf), which students manipulated interactively, allowing them to visualize the complex process of
glacial melting. This visualization was then linked to interactive glacial maps and an interactive sea
level rise animation along a local Manhattan waterfront (South Seaport in Manhattan) which was
familiar to the students.

Glacial Simulation Activity
Participants included the range of middle school and high school students. Each participant began
by viewing a short video (http://www.lawschoolaids.com/polar/Intro_Activity_9.30.11.swf) that
introduced the topic of glacial melting, a bit of history about the Jakobshavn glacier in Greenland
and a demonstration on how to manipulate the simulation. (See Figure 1 and Figure 2.)

Figure 1. Participants are introduced to the activity by a short introductory
video that includes an ice contour map of Greenland, with the Jakobshavn
glacier marked with a small red box.

Figure 2. Before clicking on any ice map contours, the sea level is at a
normal height at South Seaport.
Image by author.

Image from Earth Observer app from Lamont-Doherty Earth Observatory, Greenland contour map source NSIDC
(National Snow & Ice Data Center).

Figure 3 (top right). After participants click on layers of the Greenland ice
sheet they see the sea level rise at South Seaport.
Image by author.

Figure 4 (left). Participants see a zoomed-in view of the Jakobshavn Glacier
linked to an interactive map of this same glacier in the upper right corner.
Participants can drag pieces of the ice tongue off the map of the tongue of
the glacier simulation to see how this allows the glacier to surge forward off
the land into the ocean, resulting in a sea level rise.
Image by author.
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Participants then freely explored the simulation by clicking on an interactive ice contour map of
Greenland. Each click on an ice contour caused it to melt away, triggering a linked increase in sea
level shown against the waterfront at South Seaport in Manhattan (see Figure 3). In this way, participants saw a causal connection between ice melt in Greenland and sea level rise in a distant locale.
After completing this activity, participants moved on, to the Jakobshavn glacial melting simulation (simulation website referenced above). In this simulation (see Figure 4), they could swipe away
chunks of the floating ice tongue of the glacier to see how removing this forward edge of the ice,
released the back pressure it had been placing on the land based glacier. This ‘release’ caused the
land glacier to surge forward, resulting in the movement of even more ice onto the water. This
exchange of ice from land to water caused the sea level to rise. This melting simulation was linked
to an interactive map that showed sections of the retreating Jackobshavn glacier. On the interactive
map, students could swipe away chunks of ice that were linked to the chunks of ice in the tongue in
the previous simulation, thereby connecting the simulation to a real world glacial retreat.

Table 1. Assessment Results
Age
Group

Learning
Score (/5)

Engagement
Score (/3)

Under 18 (9)

2.4

2.4

Table 1. Table of Student Scores.
Please note that one participant’s
data was not included in analysis,
as that individual did not attempt
most of the questions.

In order to assess learning, after completing the glacial simulation,
participants completed a paper/pencil questionnaire consisting of five,
comprehension, free response, short answer questions about the glacial
melting activity, and three questions assessing their engagement with the
activity (see Table 1). They were not allowed to refer to the simulation
while answering the assessment questions.

Assessment questions for the students included versions of the following:
1. Name the place that is covered with a glacier in this simulation:
2. What happens to the full glacier when the floating ice tongue breaks away?
3. How do glaciers cause sea level to rise?
4. Is the ice tongue at Jakobshavn glacier growing or retreating and explain how you can tell?
5. We know that glaciers can take thousands, even tens of thousands of years to melt. But let’s
just imagine that you were standing at South Sea Port on a warm sunny day, what would
happen if the entire glacier over Greenland suddenly melted, all at once?
6. Did you think this simulation was fun to use, and explain why or why not?
7. Did moving the different parts of this glacier help you to see how they were connected to
other parts of the glacier and to sea level, and explain how?
8. Did having an animation linked to a map help you learn and why?
The assessments were graded by a member of this project, and a score of 0 or 1 was given for
each answer in both the learning and engagement questions. In terms of engagement, a score of
0 denoted that the student did not find an aspect of the simulation interesting and a score of 1
denoted high engagement with respect to that feature. On average, the results showed that the
participants were all highly engaged by the simulation, and students scored fairly well in their
understanding, given the difficulty of the assessment. It was decided that because the students were
not allowed to use the simulation while answering the questions, it likely lowered their scores. It is
probable that they would have improved their scores if they could have referred to the simulation.
Since the assessment was not designed to be a memory related assessment, using the simulation in
answering the questions would, in actuality, have been an acceptable approach.
Interestingly, the third knowledge assessment question asking participants “How do glaciers cause
sea level to rise?” was answered incompletely by all participants. Most participants answered simply
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that glaciers melting causes the sea level to rise. However, the fully correct answer
is that when the ice tongue melts, there is less resistance to keep the land glacier
stationary and it moves into the ocean displacing water and raising the sea level. In the
responses, it is unclear if the students were referring to the floating glacial tongue or
the land glacier moving into the water. This question involves important Earth Science
concepts such as water displacement and conservation in liquids, so it is important
to get better clarity on it. Whether the floating glacial tongue is in ice form or melting
into the water, it still displaces the same mass of seawater and therefore it can’t be the
cause for sea level rise. Before conducting further testing, this question would need to
be clarified by asking “How do land glaciers similar to the Jakobshavn glacier cause sea
level to rise?”

Discussion
Overall the results of this small pilot, with a diverse range of learners suggest that
linking glacial maps to interactive visualizations results in high engagement and high
learning gains by middle and high school students. For complex science processes,
using interactives appears to have real value for the learner. It is suggested that in
such activities the participant be allowed to use the interactive simulation as they are
answering the assessment questions so they can get the full learning benefit from the
simulation. Also, future versions of this simulation will make it more explicitly clear
that it is the movement of the land glacier into the ocean and not the melting of the ice
tongue itself that causes sea level or rise. Please see this web link for the latest version
of this simulation for use in your classroom activities (this requires the latest version of
flash player and google chrome):
http://www.polar.lawschoolaids.com/IceMelting_E2.swf
Whether or not a teacher has access to a simulation, this study demonstrates that it
is important to give students examples of how symbolic representations like contour
maps, can relate to concrete, quantifiable events in students’ lives.
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Showing the effects of many years of weathering, the “Sunflower Barn” was shot near Colona, Illinois on a farm near the Green River, in the waning days of
summer in 2010. Michael Couch shot the image using a Canon Digital Rebel Ti w/ a 28mm to 220mm Promaster© zoom lens. Michael Couch can be reached at
couchontheriver@mchsi.com

