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Goals for this presentation 

§  Build a case for use of scientific controversy and HPS in 
teaching science 

§  Demonstrate an approach for utilizing history and inquiry 
to teach 
—  science content 
— nature of science 

§  Give some resources for utilizing HPS in science class 



But first, a story… 



Menu 
§  Broiled Accountant   $5.95 per plate 
§  Fried Engineer        $7.95 per plate 
§  Toasted Teacher       $7.95 per plate 
§ Grilled Geologist     $25.95 per plate  

    



Are you kidding? 

Do you know how hard 
it is to clean one of 
them?!?! 



Unit 4 - The Atmos-
phere and the Oceans 
Unit 5 -  Dynamic Earth  
• Plate Tectonics 
   -Drifting Continents 
   -Seafloor Spreading 
   -Theory of Plate  
        Tectonics 
   -Causes of Plate 
         Motion 
• Volcanic Activity 
   -Magma 
   -Intrusive Activity 
   -Volcanoes 

 

• Earthquakes 
   -Forces Within Earth 
   -Seismic Waves and  
        Earth’s Interior 
   -Measuring and  
        Locating eq’s 
   -Earthquakes and  
        society 
• Mountain Building 
   -Crust-Mantle  
        Relationships 
   -Convergent Boundary 
        Mountains 
   -Other Types of  
        Mountains 

     Unit 6 – Geologic Time 

 





There	  is	  a	  strong	  tempta9on	  to	  assume	  that	  presen9ng	  

subject	  ma1er	  in	  its	  perfected	  form	  provides	  a	  royal	  

road	  to	  learning.	  What	  more	  natural	  than	  to	  suppose	  

that	  the	  immature	  can	  be	  saved	  9me	  and	  energy,	  and	  

be	  protected	  from	  needless	  error	  by	  commencing	  

where	  competent	  inquirers	  have	  leD	  off?...	  	  



The	  outcome	  is	  wri1en	  large	  in	  the	  history	  of	  

educa9on.	  Pupils	  begin	  their	  study	  .	  .	  .	  with	  texts	  in	  

which	  the	  subject	  is	  organized	  into	  topics	  according	  to	  

the	  order	  of	  the	  specialist.	  Technical	  concepts	  and	  their	  

defini9ons	  are	  introduced	  at	  the	  outset.	  Laws	  are	  

introduced	  at	  an	  early	  stage,	  with	  at	  best	  a	  few	  

indica9ons	  of	  the	  way	  in	  which	  they	  were	  arrived	  at.	  .	  .	  	  



The	  pupil	  learns	  symbols	  without	  the	  key	  to	  their	  

meaning.	  He	  acquires	  a	  technical	  body	  of	  informa9on	  

without	  ability	  to	  trace	  its	  connec9ons	  [to	  what]	  is	  

familiar—oDen	  he	  acquires	  simply	  a	  vocabulary	  

(Dewey,	  1916,	  p.	  220).	  
	  



Earth: Portrait of a planet 
4th ed. 
Marshak, 2013 
1. Recognize the problem 
2. Collect data 
3. Propose hypothesis 
4. Test hypothesis 

How	  do	  we	  “do”	  geology?	  

Exploring Geology 
Reynolds, et al 2013 
1. Make observations 
2. State the problem 
(succinctly) 
3. Ask a question 
4. Create  hypotheses 
5. Make predictions 
6. Test predictions 



Environmental geology 9th ed 
Keller, 2011 
1. Ask a question or make 
observations 
2. Create a hypothesis to 
answer question 
3. Test hypothesis: Data 
collection, organization and 
analysis 
4. Interpret data and draw 
conclusions 
5. Reject or accept hypothesis 
6. More tests of supported 
hypothesis leads to theory 

Physical Geology 4th ed. 
Plummer et al, 2013 
1. A question of problem is 
raised 
2. Gathering data 
3. Hypothesis is proposed 
(and is constantly subject to 
being proven false) 
4. Prediction 
5. Predictions are tested 
6. Hypothesis becomes 
theory 

How	  do	  we	  “do”	  geology?	  
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Hermeneutic (Frodeman, 1995) 

Kn
ow

le
dg

e 
co

n
st

ru
ct

io
n

 

Explanatory power 



Why use controversies?(Dodick & Dolphin, 2013) 

§  Cognitive dualists (Alters & Nelson, 2004) 

§  Old concepts can play a role in learning new 
ones…(Carey, 2009; Clement, 2009; diSessa, 1998; Nersessian, 2008) 

§  Learning through comparison (Marton et al, 2004) 

§  Learning through argument (Veerman, 2003) 

§  Multiple Working Hypotheses (Chamberlin, 1890; Gilbert, 1886) 



mapping to real
 world earthquakes

How can we
model this

phenomenon?

What are the patterns
of seismic activity?

What is the nature of
seismic data?

Compare and
contrast models.

What do they
explain?

Affordances,
limitations,
implications

How can we explain
these data?

What patterns do you
discern from the

data? How do they fit
with previous

models?

Description,
explanation,

relevance to prior
models

What is role of new
technologies?

What patterns can
you discern from
global seismicity

data?

Depth, magnitude,
and frequency of

occurrence

Where else should
we look for data?

Create a descriptive/
explanatory model of

earth dynamics
within the context of

earthquakes

Determine the
reliability of this

model compared to
others

Affordances,
limitations, and

implications

How were these data
explained?

Modeling and
models -based

learning

Model generation,
accretion, analogical

structuring: Earthquake
machine and elastic

rebound theory

Historical
"Interludes"

1906 earthquake:
description, personal

accounts, Lawson report

Inquiry
activities

Earthquake
machine

What is an earthquake?
Where do they get their
energy from? Why is it

important to study them?

Robert
Mallet's mapHow are seismic data

expressed? What can we
infer about the earth's

interior from them?

Model accretion: Rapid
earthquake viewer and
gestural and concrete

models of wave
propagation

Model Competition,
analogical structuring,
visualization: Sponge
model, balloon model,

drifting continents

Historic models of
earth dynamics:
porous earth, contracting

earth, land bridges, horizontal
displacement

Historic
model

analysis
How can there be
multiple possible

explanations for the
same data? What is the

benefit MWH?

Model accretion,
analogical structuring:
Maps, seismograms,

cross-sections

Model accretion:
3-D visualizations

of of seismic
activity

History of
seafloor

exploration
Seafloor data

IRIS
Earthquake

Browser

How can we describe and
explain the pattern of

global seismicity

WWII,
WWSSN

Model generation:
Spatial/static - causal/
dynamic diagram of

global seismicity

Expanding
earth and plate

tectonics

Model analysis
and critique

Model competition:
expanding earth

vs. plate tectonics

Hess's
"Geopoetry"

Day 1

Day 2

Day 3

Day 4

Day 5

Essential
questions:

Braiding	  history,	  
inquiry,	  model-‐

building	  





• Illegi9mate	  child	  growing	  up	  in	  poverty	  
in	  San	  Francisco	  and	  Oakland	  	  
• At	  17	  went	  to	  sea	  on	  a	  sealing	  ship	  
• Ran	  for	  mayor	  of	  	  Oakland	  under	  the	  
socialist	  party	  
• Became	  one	  of	  America’s	  most	  prolific	  
and	  successful	  writers,	  most	  notably	  
fic9onal	  stories	  of	  men	  or	  animals	  
overcoming	  environmental	  hardships	  
	  

• Born	  in	  NYC	  and	  lived	  there,	  in	  Europe,	  
and	  Rhode	  Island	  
• Educated	  in	  private	  schools	  
• Suffered	  some	  physical	  and	  
psychological	  ailments	  growing	  up	  
• Wrote	  mainly	  of	  philosophy	  and	  
psychology	  

Jack	  London	  
1876-‐1916	  

William	  James	  
1842-‐1910	  



• Born	  in	  	  Bal9more,	  MD.	  
• Was	  educated	  in	  the	  States	  and	  in	  
Switzerland	  
• Studied	  math	  and	  physics	  (PhD)	  
• Studied	  behavior	  of	  glaciers	  –	  
interest	  from	  living	  in	  Switzerland	  
• Became	  a	  Professor	  of	  geophysics	  at	  
Johns	  Hopkins	  University	  
• Advanced	  seismology	  
• Proposed	  elas9c	  rebound	  theory	  
• One	  of	  the	  first	  government	  
commissioned	  scien9fic	  studies	  

How	  might	  Reid’s	  work	  with	  glaciers	  have	  influenced	  	  
his	  development	  of	  elas9c	  rebound	  theory?	  

Harry	  F.	  Reid	  
1859-‐1944	  











What	  are	  the	  implica9ons	  of	  each	  
proposal?	  

	  
1.  What	  do	  the	  models	  explain?	  
2.  What	  predic9ons	  can	  you	  make	  from	  the	  models?	  
3.  How	  could	  you	  test	  these	  predic9ons?	  



From Sengör, 2003.  Used by permission.  



But,	  is	  a	  sponge	  a	  reasonable	  
model	  for	  the	  earth?	  



1813-1895 

1831-1914 





What	  about	  the	  pa1ern	  of	  mountains?	  What	  about	  paleontological	  and	  other	  
observa9ons?	  	  



Bailey Willis 
1857-1949 

1858-1942 

Bridging the gap 





1880-1930 



•  Ice ages and magnetism accepted with no 
mechanism 

•  Europe, S. Africa, Australia “OK” with Drift 
•  Mantle convection by Joly (1920) and Holmes 

(1929)  
•  Concerns about a priori data collection, not MWH 
•  Did not fit with the (Lyell’s) narrow idea of 

“uniformity” 
•  “If we are to believe Wegener’s hypothesis we 

must forget everything which has been learned in 
the last 70 years and start all over again.” (R. 
Chamberlin, 1928) 

 

Was it because Wegener had no mechanism? 



In all cases 

•  Models were based on observations of the 
natural world 

•  Context and/or personal experiences/bias played 
a role in knowledge construction 

•  “pieces” of “truth” in each 
•  Which has the most explanatory power? 



It	  has	  oDen	  been	  said	  that	  studying	  the	  depths	  of	  the	  sea	  is	  
like	  hovering	  in	  a	  balloon	  high	  above	  an	  unknown	  land	  
which	  is	  hidden	  by	  clouds,	  for	  it	  is	  a	  peculiarity	  of	  oceanic	  
research	  that	  direct	  observa9ons	  of	  the	  abyss	  are	  
imprac9cable.	  Instead	  of	  the	  complete	  picture	  which	  vision	  
gives,	  we	  have	  to	  rely	  upon	  a	  pa9ently	  put	  together	  mosaic	  
representa9on	  of	  the	  discoveries	  made	  from	  9me	  to	  9me	  
by	  sinking	  instruments	  and	  appliances	  into	  the	  deep.	  	  	  
	  
Murray	  &	  Hjort,	  1912	  “The	  Depths	  of	  the	  Oceans”	  
	  
	  
	  
	  

…like hovering in a balloon high above an 
unknown land which is hidden by clouds…

The ocean as a vast unknown territory 



The	  Unknown	  Land	  (early	  1800s)	  





WWII	  and	  German	  U-‐boats,	  
Interna9onal	  Geophysical	  Year	  (1957-‐58),	  
Nuclear	  prolifera9on	  and	  the	  World	  Wide	  
Synchronized	  Sesimic	  Network	  

But,	  it	  wasn’t	  just	  because	  
we	  wanted	  to	  make	  more	  
phone	  calls…	  







500	  earthquakes	  magnitude	  
1	  –	  6.9	  

500	  earthquakes	  magnitude	  
7.0	  –	  9.5	  



500	  earthquakes	  	  
0-‐33	  km	  deep	  

500	  earthquakes	  
	  40-‐900	  km	  deep	  





A	  verse	  in	  
“geopoetry”	  

Harry Hess 
1906-1969 



S. Warren Carey 
1911-2002 

Neal Adams: 
http://www.youtube.com/
watch?v=oJfBSc6e7QQ 
 
J. Martin Herndon (2005): 
Whole earth decompression 
dynamics 
 



Advantages	  of	  historical	  case	  studies	  
	  

1.  Builds	  context	  around	  content	  

2.  Exemplifies	  science-‐in-‐the-‐making	  

3.  Conveys	  facets	  of	  the	  nature	  of	  science	  

4.  The	  controversy	  has	  essen9ally	  been	  resolved	  



Resources for teaching with history 



glenn.dolphin@ucalgary.ca	  


