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Advancing 21st century science education two ways:

 how science is taught  what is taught

- adoption of higher 
engagement teaching 
strategies (HETS)
- consistent use of HETS in 
the classroom Emphasis:

- applications of scientific inquiry
- relevancy to local/regional 
scales, current events



Day 1 
of Class

Why waste time? 
Let's just get to work



select 
colored 
marker

What goes on the whiteboard?

All your:
 ideas
 thoughts
 work
 calculations and so on…

Every student has 
whiteboard (11in x 14in), 

marker, and rag



3. then when prompted, share/compare 
with others as directed.

How it works:
1. question (Q) is asked

2. students work on it individually 
(no sharing…yet)

student 
thoughts/ideas/

answer(s) on 
whiteboard



Same Q. Same data, graph, etc. 
Wonder what others thought?

The Persistence of Memory
(La persistencia de la memoria) 

by Salvador Dali





Note: I hid the author's six choices with a ? 
and white circle

THE THAT

Q: Six raw materials that 
shape modern civilization 

(= the world you and I use).

~3 minutes

Your list

1.
2.
3.
4.
5.
6.

Individually first…



Wonder what 
others listed?

~3 minutes

When done with one conversation, find 
another person of the same marker pen 
color. Mingle. Mingle. Mingle.



View of giant Komatsu trucks arriving 
with loads at the Chuquicamata copper 
mine, in the Atacama Desert of Chile, 
on Oct. 25, 2005. MARTIN 
BERNETTI/AFP VIA GETTY IMAGES

Link

salt sand oil iron lithium copper
Foreign Policy

https://foreignpolicy.com/2023/11/18/material-world-ed-conway-book-review-supply-chain-minerals/


No students listed the same six raw 
materials as the author. But that is 
not the objective(s). 

Q: What then is the overall 
objective(s) in beginning class 
Day 1 with such an activity?

~2 minutes



Objectives: Introductory Day 1 class activity 
had nothing to do with what students likely 
expected to do the first day. The goals: 

1) introduce students to how to do Think-
Pair-Compare (TPC), 

2) encourage involvement, and 

3) establish the class culture, what's 
expected. 



Jan 24, 2023 6:30 PM EST

????

????

????

????

a place

an element



????

????
????

???

???



San Francisco

Los Angeles

San Diego

Salton Sea



Colorado R.Salton Sea

Sea of 
Cortez

distance scale: ~65 miles = ~104km

El Centro

San Luis, Az
Calexico

Mexicali
San Luis, Mex

Yuma
Gila R.



Q1: Draw the boundaries for 
the state of Arizona, i.e. draw 
a map of the state of AZ.

Q2: On your map place a 
star just a bit southeast of 
Kingman, 

and a triangle where the 
town of Mammoth is 
located.

.~3 minutes total.





Kingman

Wikieup

???

approximate

Exploded view of Wikieup area

approximate

What's going 
on in Wikieup?



lithium



Phoenix

What's going 
on in Buckeye?







Tucson





.~4 minutes total.

Compare/share 
with your neighbors.

Q: What information in the 
article (next slide) caught 
your attention, if not 
wowed you?



https://www.fcx.com/operations/north-america#sierrita_link

Link

.~4 minutes total.

https://azluminaria.org/2024/08/09/arizonas-1872-mining-law-means-proposed-copper-mine-near-mammoth-could-pump-unlimited-water/


https://www.fcx.com/operations/north-america#sierrita_link

period 4
 group 7 

transition metal

period 4
 group 12 

transition metal

period 5
 group 6 

transition metal

billion = 109

7.3 x 109 gal
7,300,000,000gal

million = 106

6 x 106 gal
6,000,000gal

acre-feet = af; a 
unit for volume

acre-feet = af; a 
unit for volume

water use 
equivalent = 

60,000 homes

period 4
 group 11 

transition metal





Cobalt



Opening scene…1968

https://www.youtube.com/watch?v=teuRjx7s_8k

Watch this video…

https://www.youtube.com/watch?v=teuRjx7s_8k


The Last of Us zombie eco-thriller on HBO

In 2013 civilization begins to collapse as a 
fungal infection of the global food supply 
ravages the world. With a steadily warming 
world, over time fungi have evolved to 
survive temperatures above 94OF.

https://www.youtube.com/watch?v=teuRjx7s_8k


Q: Think of all the cool, 
creative ways that you could 
insert this creepy introductory 
HBO series trailer into your 
course(s). Mingle. Mingle. 
Mingle. 

Think. Share. Compare. Think some more. Be creative.



Pappas, G., & Vrioni, G. (2024). The Last of Us and the Question of a Fungal Pandemic in Real 
Life. Emerging Infectious Diseases, 30(3), 595-598. https://doi.org/10.3201/eid3003.230684.



Image: kentuckypestnews.wordpress.com/2014/08/19/shelling-corn-early-watch-that-moisture/

Grain bins stuffed 
with harvested corn

Story #1

If interested in what this all about, contact Prof. Scott Donnelly 
(scott.donnelly@azwestern.edu)



Q: What is the deadliest^ 
animal* to humans on 
planet Earth?

^: # deaths annually
*: excluding our own species, Homo sapiens

Story #2

If interested in what this all about, 
contact Prof. Scott Donnelly 

(scott.donnelly@azwestern.edu)



Essential Oils

Atlas 
Cedarwood Bergamot Black 

Pepper
Cinnamon 

Leaf Clary Sage Clove Bud Cypress Eucalyptus Frankincense French 
Lavender Fresh Ginger

Geranium Grapefruit Lemon Lemon 
Eucalyptus Lemongrass Lavender Lime Myrrh Oregano Patchouli Peppermint

Pine Rosemary Sage Spearmint Sweet 
Orange

Sweet 
Peppermint Tangerine Tea Tree Vetiver Wintergreen Ylang Ylang III

Bottle volume
black cap: 7.5mL
white cap: 15mL

Story #3

If interested in what this all about, contact Prof. Scott Donnelly 
(scott.donnelly@azwestern.edu)
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