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The why….



Arctic warming faster than rest of globe

NOAA Climate.gov



What is Permafrost?
Permafrost is ground that remains at or below 0 deg C for at least two consecutive years 

• Permafrost ranges in thickness from less than 1 m (3.3 ft) to greater than 1,500 m (4,900 ft)
• About 10% of the world is underlain by permafrost (mostly in Arctic)



Permafrost – Earth’s Gigantic Freezer 
Contains ~1,500 billion metric tons of Carbon

Permafrost carbon 
makes up ~33% of 
the global soil C 
pool.

Twice as much 
carbon as 
contained in 
atmosphere

Schuur et al., (2022)



Schuur et al., (2022)

Unregulated Country of Permafrost

United Nations

Schaedel et al, 
2016 NCC
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Permafrost-Carbon Feedback

United Nations



But teaching students about permafrost & its 
dynamics can be challenging

• The Arctic is remote 
• Polar Explorer transports students to the Arctic virtually

• Increases the number of students who have access to this unique region

• Changes in the Arctic are happening across a range of scales 
• Dimensions of time, temperature, volume

• Many of these changes are happening underground

• Polar Explorer places students in a rich 3D environment that they can explore

• Understanding impacts of permafrost thaw requires multi-disciplinary 
approach
• 3D environment of Polar Explorer helps draw connections across concepts, 

disciplines, and ideas



Polar Explorer: A place-based virtual 
learning environment that transports 
students to the Arctic to learn about 
permafrost….



Scientists
+ 

Pioneers in building digital learning 
environments 

+
Learning design experts

+ 
Artist



• Interactive and graphically rich 360° environments

• Range from self-guided free explorations to structured lessons to non-

linear game like activities

• Learners supported with automatic adaptive feedback

• Draws on several effective teaching strategies, including:

o Active learning

o Inquiry learning

o Intelligent tutoring

o Place-based education

Interactive, Immersive Virtual Field Trips (iVFTs)



Permafrost Tunnel         E1Energy Budget             E0 Permafrost Landscapes E2 Permafrost Carbon        E3

Permafrost Thaw           E5Ecosystem Carbon          E4 Regional Impacts            E6 Global Impacts               E7

Polar Explorer Expeditions – Place-Based iVFTs



Energy Budget             E0

Polar Explorer Expeditions
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Polar Explorer Expeditions

As the active layer deepens, carbon that was locked away in 
permafrost is now becoming part of active carbon cycle
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Polar Explorer Expeditions



Student role within Polar Explorer - Reporter



Polar Explorer – a peek inside….



Polar Base and Energy Budget Briefing



Energy Budget             E0 Permafrost Landscapes E2 Permafrost Carbon        E3

Permafrost Thaw           E5Ecosystem Carbon          E4 Regional Impacts            E6 Global Impacts               E7

Place-Based Virtual Field Trips – Core to Polar Explorer

Permafrost Tunnel         E1



Smells like the Pleistocene







Expedition 1 - Permafrost Tunnel Research Facility



Other landscapes and places that students will visit



Initial Testing
• Pilot testing of Energy Budget Briefing (E0) in 

a large enrollment (>300 total) freshman 
environmental science course at NAU -  
majority non-STEM students

• Gathered feedback on user experience, 
navigation, flow, & engagement

• Also surveyed lab TAs about ease of use and 
amount of student support required



Polar Explorer’s upcoming testing - Improves STEM 
learning & Increases Accessibility of Polar Science

• Polar Explorer’s interactive environment improves 
STEM learning.

• Increases the accessibility of polar science to a 
diverse population of students.

• Polar Explorer includes formative assessment 
supported by intelligent tutoring. 

• Enables the capture of detailed learning analytics 
and allows for an examination of both student 
behavior and learning outcomes. 



Polar Explorer – some behind the 
scenes….



Near Fairbanks – Summer of 2022



Drilling a permafrost core



And we head North!

https://p.tourit.etx.asu.edu/tl2jve4u/
586tqq1cufz26v5/index.html

https://p.tourit.etx.asu.edu/tl2jve4u/586tqq1cufz26v5/index.html
https://p.tourit.etx.asu.edu/tl2jve4u/586tqq1cufz26v5/index.html




Thank you!

https://etx.asu.edu/major-projects/polar-explorer/

https://carml.rc.nau.edu/polar-explorer/

Deborah.Huntzinger@nau.edu

Polar explorer will be web-based
Available by expedition (free) and 
complete PE fully integrated into 
LMS (small fee per student)
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