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Beginning a New Era
of Science Instruction?

Until now

• rapid topic march

• skills vs. concepts

• another teaching silo

• (procedural) mathematics 
on the way out

• engineering ignored

Moving forward

• focus on big ideas

• integrated skills & concepts

• embracing STEM

• conceptual mathematics and 
simulation demanded

• engineering integrated
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Engineering in NGSS
1. Asking questions (for science) and defining 

problems (for engineering)

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data

5. Using mathematics and computational thinking

6. Constructing explanations (for science) and 
designing solutions (for engineering)

7. Engaging in argument from evidence

8. Obtaining, evaluating, and communicating 
information
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Is the mathematics 
about procedures or 

understanding?
HS-LS3-d.
Apply concepts of statistics and probability to 
explain the variation and distribution 
of expressed traits in a population.

HS-LS4-c.
Apply concepts of statistics and probability to 
support explanations for how organisms with an 
advantageous heritable trait tend to increase in 
proportion to organisms that lack this trait.
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The	  Landmine	  Crisis
A	  3-‐week-‐long	  

Engineering	  Design	  Challenge
(Replacement	  unit)
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https://www.youtube.com/watch?v=5NkwLJgoYF0
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Laos
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UXO:	  A	  major	  problem	  

• UneXploded	  Ordinance	  
• From	  1964-‐1973,	  US	  forces	  dropped	  roughly	  two	  
million	  tons	  of	  ordinance	  on	  Laos	  (more	  than	  in	  
all	  of	  WWII).
• 	  With	  37%	  of	  the	  country’s	  total	  surface	  area	  
contaminated	  by	  UXO,	  Laos	  is	  considered	  the	  
most	  UXO-‐affected	  naUon	  in	  the	  world.
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What	  can	  be	  done?	  

•We	  are	  a	  team	  of	  volunteers	  who	  have	  offered	  
our	  services	  to	  Engineers	  Without	  Borders
• The	  mission	  of	  EWB	  is	  to	  "support	  community-‐
driven	  development	  programs	  worldwide	  by	  
collaboraUng	  with	  local	  partners	  to	  design	  and	  
implement	  sustainable	  engineering	  projects”
• EWB	  has	  assigned	  us	  to	  tackle	  the	  landmine	  
challenge	  in	  Laos	  	  
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No	  Free	  Lunch

• Our	  project	  is	  financially	  supported	  by	  Phil,	  who	  
has	  an	  idea:

Sunday, June 23, 13



Student	  AcUviUes

• IdenUfy	  resources	  and	  constraints
• Generate	  problem	  statement
• Conduct	  background	  research	  on	  fireflies	  
• Develop	  a	  plan	  to	  purchase	  and	  breed	  flies	  in	  
order	  to	  get	  more	  special	  fireflies

BUT:	  We	  don’t	  really	  know	  much	  
(anything?)	  about	  firefly	  reproducUon!	  
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What	  would	  happen	  in	  a	  
sealed	  environment?	  
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TesUng	  the	  simple	  case

• Use	  a	  simulaUon!
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Parents
Females	   MalesEggs Sperm

Females	  Envelope Males	  Envelope

GeneraUon	  0:	  IniUal	  PopulaUon	  

RANDOM	  MATING	  
(CENSORED)	  

Alleles	  packaged	  into	  
gametes	  (eggs	  &	  
sperm)

Gametes	  join	  	  during	  
ferUlizaUon

Offspring	  (Gen	  1)	  get	  
one	  allele	  from	  each	  
parent
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Excel	  +	  ComputaUonal	  Thinking
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Biology	  Content

• Goals:
– Environmental	  factors	  (selecUve	  pressure)	  acts	  on	  the	  phenotype.
–When	  selecUve	  pressure	  differenUally	  affects	  survival	  of	  one	  
phenotype	  in	  a	  populaUon	  versus	  the	  other	  phenotype,	  the	  
proporUons	  of	  alleles	  and	  phenotypes	  within	  the	  populaUon	  
changes.
–As	  selecUve	  pressure	  acts	  on	  a	  parUcular	  phenotype.	  then,
• the	  phenotype	  with	  a	  higher	  pressure	  will	  decreases	  at	  a	  certain	  rate,	  
but
• the	  phenotype	  with	  lower	  pressure	  will	  increase	  at	  the	  same	  rate.

• This	  is	  EvoluUon	  by	  Natural	  SelecUon!
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Math	  Content

• Goals:
– The	  change	  in	  percent	  phenotype/alleles	  which	  is	  expressed	  on	  
the	  y	  axis	  divided	  by	  the	  change	  in	  Ume	  (expressed	  on	  the	  x	  axis)	  
is	  a	  measure	  of	  the	  rate	  of	  change	  (slope)	  in	  the	  populaUon.
–Across	  mulUple	  trials,	  the	  best	  model	  fit	  can	  be	  captured	  with	  the	  
slope	  of	  the	  best	  fit	  line,	  	  which	  is	  the	  average	  of	  the	  slopes	  of	  all	  
the	  trials
–A	  posiUve	  slope	  indicates	  that	  the	  variable	  on	  the	  y	  axis	  is	  
increasing	  over	  Ume.	  	  A	  negaUve	  slope	  indicates	  that	  the	  variable	  
on	  the	  y	  axis	  is	  decreasing	  over	  Ume.	  (x-‐axis	  represents	  Ume)
– The	  steeper	  the	  line,	  the	  larger	  the	  numerical	  value	  of	  the	  slope	  
and	  the	  faster	  the	  rate	  of	  change.
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PCR	  data
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STEM?

Science

Math

Engineering

Tool Tool

Tool
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What about test data?
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Very	  likely	  to	  become	  
engineer?
(%	  of	  students)
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Engineers	  understand	  how	  to	  
solve	  people’s	  problems
(mean	  Likert	  RaUng)

Effect size = 0.5

RelaUve	  effect	  size:
.3	  of	  gender	  Effect
.4	  of	  Parent	  engineer	  effect
.5	  of	  Minority	  effect

Effect size = 0.2
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Next Steps

• Optional Summer workshop (2 full days/unit)

• August 12th-16th 

• Oakland County, MI (Just north of Detroit)

• School Year

• 2 virtual workshops (before + during)

• Materials can be purchased at cost (whiteboards 
+ simple hands-on)

• free iPlan access

Sunday, June 23, 13



schunn@pitt.edu

Sunday, June 23, 13

mailto:schunn@pitt.edu
mailto:schunn@pitt.edu

