
Example with Feedback

Experiment: 1 cup of water was poured, average width, depth measured and 
displaced sediment observed
Feedback from TA: Students need to do 
experiment earlier in semester as they learned 
too late what their experiment lacked: multiple 
trials and real-world data to compare with 
modeled data. 
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Using 3D Modeling to Promote Design Thinking and 
Inquiry in an Introductory Geology Lab 
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Outcomes and Future Plans

5-point rubric: Model + Experiment
1. To engage students in the �rst steps of the scienti�c 
process in an intro lab.

a. Develop scienti�c questions and formulate hypotheses
b. Design and construct models to test hypotheses 

2. To understand how geoscientists use models as 
tools to study Earth

a. Simplifying complex systems 
b. Use model results to predict past/ future events or    
conditions

Megan Plenge, Geological Sciences, UNC-CH

“The most common misunderstanding about science is that scientists 
seek and �nd truth.  They don’t -- they make and test models.”

Neil Gershen�eld (2011)

•  250-350 students per semester 
 (15-20 sections, 12-20 students per section)

•  13 2-hour lab sessions per semester

•   8 hours in-class time for the project

• Makerspace with free materials on 
 campus: www.beam.unc.edu

1. Exposure to physical and conceptual models in labs

2. Complete orientation for UNC’s Makerspace, watch video 
lecture on scienti�c models , get project resources and ideas

3. Groups of 2-4 develop project proposals, including 
research questions, hypotheses, and model/ experimental 
designs

4. Proposals are reviewed by peers and TA 

5. Groups submit a draft model or detailed plan

6. Groups present �nal models + results 

Question:  How does size and 
density of impactors a�ect ejecta 
patterns?

Model: Cocoa powder and �our, 
impactors include orange, ping 
pong ball, etc.

Experiment: qualitative; 
observation of ejecta patterns

Question:  How does temperature of magma 
impact �ow?

Model: 3D printed volcano, tahini

Experiment: qualitative & quantitative changes 
in �ow at di�erent temperatures

Question:  How many degrees 
does Earth’s temperature have to 
rise for the city of Honolulu to be 
submerged due to sea level rise?

Model: 3D-printed topographic 
map of Oahu, mathematical 
model predicting sea level rise 
with given temperature increase

Experiment: Measured height of 
water added relative to datum to 
drown Honolulu, scaled to Earth 
system and calculated 
temperature 

Question:  Where do we expect to see 
�ooding in Chapel Hill?

Model: 3D print-out of Chapel Hill with 50x 
vertical exaggeration and geologic units 
painted on

Experiment: Water was poured over model 
and observations were made on where 
water collected.

Question:  How does stream 
curvature a�ect erosion?

Hypothesis: More curvature results 
in more erosion

Model: Cardboard box with soil & 
streambed 1.5cm wide x 2cm deep

Question:  How does ground 
material impact earthquake 
shaking and building collapse?

Model: Aluminum pan �lled with 
di�erent materials with spaghetti 
building on an orbital sander. 

Experiment: Place pan on orbital 
sander for 20 seconds and 
measure movement of building 
post-shaking

Video footage: 
https://drive.google.com/�le/d/10_�E
ju3j-55FbeZ-EVjJkxXkjR2SHqm/view?
usp=sharing

Question:  Which cities are in the most danger 
due to Mt. Fuji erupting?

Model: Modeling clay and corn syrup (after 
the group failed to make  their 3D model 
based on topography using 
touchterrain.geol.iastate.edu) (Hasiuk et al., 2017)

Experiment: Multiple trials of pouring corn 
syrup down model volcano

Students learned: How to adapt when their 
initial model failed

Model: 
Permeability and 
oil �ow in aquifers

Question:  How does rate of travel of oil through rocks relate to rock 
porosity/permeability?

Model: 3D printed “rocks” including holes/di�erent print densities

Experiment: qualitative & quantitative changes in �ow at di�erent 
temperatures

• Thanks to UNC’s QEP team, the UNC Department of Geological Sciences, the 
BeAM lab, and my TAs for the 2017-18 academic year
Hasiuk et al. (2017).  TouchTerrain: A simple web-tool for creating 3D-printable topographic 
models.  Computers & Geosciences 109: 25-31.

• >60% of students felt con�dent in experimental design

• Only ~50% of the class feel the project helped them understand 
how models are used to solve Earth Science problems 

• After completing their projects, students rated their con�dence:

• More in-class time will be devoted to project 

• Groups will have individual meetings with TA 
   at multiple points during semester

• Students will do a trial of experiment earlier in 
   semester and report what they learned

• Students will have re�ection activities linking 
   project to real scienti�c studies 


