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STEM	
  IntegraHon	
  in	
  Elementary	
  

•  Recent	
  NaHonal	
  reform	
  documents	
  
–  	
  have	
  idenHfied	
  the	
  importance	
  of	
  scienHfic	
  and	
  technological	
  
literacy	
  to	
  sustain	
  the	
  U.S	
  	
  economy	
  (NRC;	
  2009,	
  2012)	
  

–  increase	
  the	
  number	
  of	
  students	
  pursuing	
  STEM	
  fields	
  to	
  remain	
  
compeHHve	
  in	
  the	
  global	
  economy	
  

•  Link	
  between	
  Science	
  and	
  Engineering	
  in	
  NGSS	
  

•  We	
  also	
  need	
  to	
  get	
  more	
  students	
  interested	
  in	
  STEM	
  fields,	
  
children’s	
  exposure	
  to	
  engineering	
  should	
  begin	
  in	
  elementary	
  
school	
  (NAE	
  2009,	
  NRC,	
  2012).	
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An	
  Engineering	
  Design	
  Process	
  
Problem	
  

Background	
  

Plan	
  

Implement	
  

Test	
  

Evaluate	
  



NSF EEC-1055382/DUE-1238140 

h"ps://sites.google.com/a/umn.edu/picturestem/	
  

 (http://www.ewb-usa.org/)

Espanol  |  sign in

 (/get-involved/membership)
Engineers Without Borders - USA is a 501(c)3 organization (/about-ewb-usa/annual-reports)

 (/donate)  (/projects)  (/chapters) 

(/get-involved)  (/about-ewb-usa)

Locate a Project (/projects/locate-project)  EWB-USA Community Programs (/projects/ewb-usa-community-programs)  Submit a Program (/projects/submit-
program)  Premier Projects (/projects/premier-projects)

CHAPTER
RENSSELAER POLYTECHNIC INSTITUTE CHAPTER (/chapters/locate-chapter/0/100215)

PROJECT TYPE(S)
WATER SUPPLY 
WATER SUPPLY 
WATER SUPPLY 

 

PROJECT
Isla popa ii, panama water supply

PROJECT PHASE
Design

 

PROJECT ADOPTION DATE
September 2010

DIRECTLY AFFECTS
250

 

FUNDS NEEDED
$0.00

INDIRECTLY AFFECTS
250

THE NEED

 

Popa II does not have adequate means to access or store potable water. Beyond the demands of walking to collect water in dry
seasons, skin diseases, sickness, diabetes, and low blood pressure may be results of the water shortage. During rainy
seasons, water is abundant; however, in dry seasons, contaminated wells and storage tanks hold low levels of water, which are
rationed until the rain returns. Observed health behaviors include defecation near water sources and low water consumption
and provide reason to believe that hygiene and health education are also potential areas of improvement.

 

PROJECT SCOPE

 

The primary objective of the EWB-USA RPI Student Chapter�s project is to develop a clean and reliable water system by
collaborating with community members. After a January 2012 assessment trip, the chapter aims to continue developing
relationships with the recently created Water Committee and assess the water quality in order to develop feasible designs. The
information gathered from community members and technical data will determine what type of system must be implemented to
best solve the water supply and contamination problem.

 

FUTURE INVOLVEMENT

 

Following the recent assessment trip, the EWB-USA RPI Student Chapter will continue to collect and analyze specific data to
understand the functional criteria of the final water system and begin developing prototypes. The water system will be
implemented in collaboration with community members. After the system�s completion, the chapter will monitor the
sustainability of the design and consider additional projects to contribute to improved living conditions in Popa II.

 

DOWNLOADS!
Project information as a PDF
(/projects/locate-project/1/8801/pdf)

(https://ssl.charityweb.net/ewbusa/?
Custom3=100215&Custom4=8801)

LOCATE A PROJECT

Address

©2013 Google - Map data ©2013 Google -

Problem	
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Planning	
  the	
  	
  
CollecHon	
  Device	
  

•  The	
  Engineers	
  Without	
  Borders	
  chapter	
  has	
  let	
  
us	
  know	
  that	
  the	
  water	
  collecHon	
  tanks	
  they	
  will	
  
be	
  designing	
  will	
  have	
  two	
  parts:	
  
– Top:	
  a	
  device	
  that	
  will	
  allow	
  water	
  to	
  enter	
  into	
  the	
  
collecHon	
  tank	
  in	
  an	
  efficient	
  manner	
  and	
  is	
  inspired	
  
by	
  Nature	
  

– Bo"om:	
  A	
  rectangular	
  prism	
  shaped	
  collecHon	
  tank	
  
to	
  store	
  the	
  water.	
  This	
  will	
  have	
  a	
  spigot	
  to	
  release	
  
the	
  water.	
  	
  

Problem	
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How	
  would	
  we	
  test	
  our	
  designs?	
  

•  How	
  will	
  we	
  know	
  if	
  our	
  design	
  is	
  successful?	
  

•  Your	
  designs	
  would	
  be	
  	
  
evaluated	
  based	
  on	
  the	
  
Following	
  criteria	
  

Background	
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Materials	
  Score	
  
•  Cost	
  is	
  an	
  important	
  constraint	
  in	
  engineering	
  
and	
  also	
  in	
  our	
  design	
  challenge:	
  

Background	
  

!

Materials)Cost)Sheet)
)

Base)Material:! Cost:!

Foam! $1/cm2!

Adhesive!Cost!–!30!cm! $20.00!

Additional)Materials:! Cost:!

Masking!Tape!–!15!cm! $5.00!

Duct!Tape!–!15!cm! $10.00!

Plastic!Wrap!–!100!cm2! $20.00!

Aluminum!Foil!(reg)G!100!cm2! $30.00!

Aluminum!Foil!(heavy!duty)G!100cm2! $60.00!

Copy!PaperG!100!cm2! $10.00!

Wax!Paper!G!100!cm2! $20.00!

Foam!sheet!!G!!100!cm2! $40.00!

Craft!Stick!(jumbo)! $20.00!

Craft!Stick!(regular)! $10.00!

Pipe!cleaner!(jumbo)! $50.00!

Pipe!cleaner!(regular)! $30.00!

Cotton!Ball! $10.00!

!
!

Materials)Cost)Sheet)
)
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Plastic!Wrap!–!100!cm2! $20.00!

Aluminum!Foil!(reg)G!100!cm2! $30.00!

Aluminum!Foil!(heavy!duty)G!100cm2! $60.00!

Copy!PaperG!100!cm2! $10.00!

Wax!Paper!G!100!cm2! $20.00!

Foam!sheet!!G!!100!cm2! $40.00!

Craft!Stick!(jumbo)! $20.00!

Craft!Stick!(regular)! $10.00!

Pipe!cleaner!(jumbo)! $50.00!

Pipe!cleaner!(regular)! $30.00!

Cotton!Ball! $10.00!

!
!
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Brainstorm	
  ideas	
  
•  Individually:	
  Brainstorm	
  possible	
  soluHons	
  for	
  
the	
  top	
  design	
  

	
  	
  	
  	
  	
  	
  	
  Idea	
  #1 	
   	
   	
   	
  	
  Idea	
  #2	
  
	
  

Plan	
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Reflect	
  on	
  your	
  designs	
  

•  At	
  your	
  table	
  
	
  

– Share	
  your	
  favorite	
  design	
  idea	
  
	
  
– Brainstorm	
  what	
  informaHon	
  would	
  help	
  you	
  to	
  
design	
  a	
  be"er	
  top?	
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So…	
  How	
  was	
  this	
  developed?	
  

•  We	
  used:	
  
– Clements’	
  (2007)	
  Guide	
  to	
  Research	
  on	
  Curriculum	
  
Development	
  	
  

– Framework	
  for	
  Quality	
  STEM	
  IntegraHon	
  Curriculum	
  

•  Why:	
  
– Need	
  for	
  STEM	
  integraHon	
  curricula	
  in	
  elementary	
  
classroom	
  where	
  Hme	
  and	
  resources	
  are	
  limited	
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Clements’	
  Curriculum	
  Research	
  
A	
  Priori	
  FoundaHons	
  
	
  1.	
  Subject	
  Ma"er	
  A	
  Priori	
  FoundaHon	
  
	
  2.	
  General	
  A	
  Priori	
  FoundaHon	
  
	
  3.	
  Pedagogical	
  A	
  Priori	
  FoundaHon	
  

Learning	
  Model	
  
	
  4.	
  Structure	
  According	
  to	
  Specific	
  Learning	
  Model	
  

EvaluaHon	
  
	
  5.	
  Market	
  Research	
  
	
  6.	
  FormaHve	
  Research-­‐	
  Small	
  group	
  	
  	
  	
  
	
  7.	
  FormaHve	
  Research-­‐	
  Single	
  classroom	
  
	
  8.	
  FormaHve	
  Research-­‐	
  MulHple	
  classrooms	
  
	
  9.	
  SummaHve	
  Research-­‐	
  Small	
  scale	
  
	
  10.	
  SummaHve	
  Research-­‐	
  Large	
  scale	
   (Clements,	
  2007)	
  



NSF EEC-1055382/DUE-1238140 

h"ps://sites.google.com/a/umn.edu/picturestem/	
  

A	
  Framework	
  for	
  Quality	
  STEM	
  IntegraHon	
  
Curriculum	
  

Quality	
  STEM	
  IntegraHon	
  Curriculum	
  should:	
  
•  have	
  a	
  meaningful,	
  moHvaHng,	
  and	
  engaging	
  context.	
  
•  have	
  learners	
  parHcipate	
  in	
  an	
  engineering	
  design	
  task	
  
for	
  a	
  compelling	
  purpose	
  that	
  involves	
  problem-­‐solving	
  
skills	
  and	
  Hes	
  to	
  context.	
  

•  allow	
  learners	
  to	
  learn	
  from	
  failure	
  and	
  then	
  have	
  the	
  
opportunity	
  to	
  redesign.	
  

•  include	
  appropriate,	
  standards-­‐based	
  science	
  or	
  
mathemaHcs	
  content.	
  

•  teach	
  content	
  with	
  student-­‐centered	
  pedagogies.	
  
•  promote	
  communica5on	
  skills	
  and	
  teamwork.	
  

Moore	
  et	
  al.,	
  in	
  press	
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ObjecHves	
  
•  Create	
  curriculum	
  modules	
  that	
  follow	
  a	
  new	
  
model	
  for	
  STEM	
  integraHon	
  
–  Include	
  an	
  engineering	
  component	
  
– Meaningful	
  and	
  intenHonal	
  connecHons	
  between	
  STEM	
  
fields	
  to	
  highlight	
  interdisciplinary	
  and	
  not	
  a	
  “silo”	
  
approach	
  

–  can	
  be	
  Hed	
  into	
  literacy	
  instrucHon.	
  
•  Maximum	
  flexibility,	
  but	
  sHll	
  useful	
  and	
  authenHc.	
  
•  Develop	
  resources	
  to	
  help	
  integrate	
  engineering	
  
into	
  K-­‐6	
  classrooms.	
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Nature	
  –	
  Inspired	
  Design	
  
•  Inspired	
  by	
  the	
  14	
  Grand	
  Challenges	
  –	
  
providing	
  access	
  to	
  clean	
  water,	
  using	
  the	
  idea	
  
of	
  Biomimicry,	
  or	
  Nature-­‐Inspired	
  Design	
  to	
  
help	
  brainstorm	
  new	
  ideas	
  

Science	
  Connec5ons	
  
	
  	
  

Technology	
  	
  &	
  Engineering	
  
Connec5ons	
  

Mathema5cs	
  Connec5ons	
  

•  Biomimicry	
  
•  Animal/plant	
  structures	
  

that	
  provide	
  
advantages,	
  

•  Animal	
  AdaptaHons	
  
•  Natural	
  systems	
  
	
  	
  

•  Engineering	
  design	
  
•  Using	
  nature	
  as	
  

inspiraHon	
  for	
  designs	
  
	
  	
  

•  Data	
  Analysis	
  	
  
•  Measurement	
  &	
  

Perimeter	
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Unit	
  Overview	
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Science	
  Background	
  
•  Plant	
  and	
  Animal	
  AdaptaHons	
  

– Builds	
  content	
  that	
  helps	
  students	
  with	
  design	
  
challenge	
  

•  Animal	
  AdaptaHon	
  StaHons	
  
•  PracHce	
  together	
  
•  Present	
  it	
  to	
  the	
  group	
  

Background	
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AdaptaHon	
  StaHons	
  
•  The	
  staHons	
  include:	
  	
  

	
  
Body	
  Parts/Structure	
  
– Webbed	
  Feet	
  
– Claws	
  
– Beak	
  Shape	
  
– Wings	
  
– Eye	
  Size	
  

	
  
	
  
Body	
  Coverings	
  
– Camouflage	
  
– Scales	
  
– Mimicry	
  

Background	
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Nature	
  Inspired	
  Design	
  –	
  Plant	
  AdaptaHons	
  
•  Modified	
  Version	
  –	
  3	
  opHons	
   Background	
  

Drip	
  Tips	
   Bromeliad	
  
	
  

Cloud	
  Forest	
  
	
  

!
!

Tropical!Rainforest!Plant!Examples!
Bromeliad! Epiphytes! Leaves!

The!shape!and!
arrangement!of!the!leaves!
capture!and!store!water!in!
the!plant,!in!a!tank!that!also!
harbors!a!miniBecosystem!
of!bacteria,!larvae,!tadpoles,!

etc.!

These!plants!do!not!grow!in!soil,!
but!on!host!plants!and!therefore!
they gather!the!moisture!they!
need!from!the!air!and!store!the!
water!in!spongy!roots,!pockets!
created!by!the!structure!of!their!
leaves.!

Many!rainforest!leaves!has!
also!developed!adaptations,!
such!as!drip!tips!to!allow!water!
to!easily!run!off.!They!can!also!
help!to!direct!water!at!the!
plant’s!roots.!

!

!
!

Tropical!Rainforest!Plant!Examples!
Bromeliad! Epiphytes! Leaves!

The!shape!and!
arrangement!of!the!leaves!
capture!and!store!water!in!
the!plant,!in!a!tank!that!also!
harbors!a!miniBecosystem!
of!bacteria,!larvae,!tadpoles,!

etc.!

These!plants!do!not!grow!in!soil,!
but!on!host!plants!and!therefore!
they gather!the!moisture!they!
need!from!the!air!and!store!the!
water!in!spongy!roots,!pockets!
created!by!the!structure!of!their!
leaves.!

Many!rainforest!leaves!has!
also!developed!adaptations,!
such!as!drip!tips!to!allow!water!
to!easily!run!off.!They!can!also!
help!to!direct!water!at!the!
plant’s!roots.!

!

!
!

Taiga!Plant!Examples!
Conifers! Mosses! Lichens!

Due!to!the!shape!of!the!trees!
and!their!needles,!these!trees!
shed!snow!easily,!and!they!
retain!their!needles!through!
the!winter.!The!needles!are!
also!wellBadapted!to!this!
climate!with!thick!waxy!
coatings!and!small!surface!
area,!to!resist!cold!conditions!
and!minimize!water!loss!

while!allowing!snow!to!shed!
off!of!them!easily.!

These!nonBvascular!plants!
don’t!transport!water!

through!roots!and!stems,!but!
instead!absorb!water!from!
their!surroundings!and!can!
live!for!a!long!time!without!
drying!out!because!they!store!
water!in!their!lowBgrowing,!
interBtwined!branches!

Composed!of!fungus!and!
algae,!lichens!need!little!
addition!nutrients.!This!
symbiotic!relationship!
allows!them!to!grow!in!a!
variety!of!climates!with!
very!little!nutrients.!
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Background	
  Knowledge	
  

•  Top	
  Design	
  Inspired	
  by	
  Nature	
  
– What	
  plant	
  adaptaHons	
  might	
  be	
  helpful?	
  
– Brainstorm	
  at	
  your	
  table	
  

Plant	
  Adapta5on	
   Advantage	
  that	
  
provides	
  

How	
  could	
  that	
  help	
  
with	
  this	
  design	
  

	
  	
   	
  	
   	
  	
  

	
  	
   	
  	
   	
  	
  

Background	
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Create	
  a	
  group	
  plan	
  

•  With	
  your	
  group:	
  
– Work	
  together	
  to	
  come	
  up	
  
with	
  a	
  single,	
  detailed	
  design	
  

	
  
– Make	
  sure	
  it	
  includes	
  a	
  list	
  of	
  
materials	
  

Plan	
  

!

Materials)Cost)Sheet)
)

Base)Material:! Cost:!

Foam! $1/cm2!

Adhesive!Cost!–!30!cm! $20.00!

Additional)Materials:! Cost:!

Masking!Tape!–!15!cm! $5.00!

Duct!Tape!–!15!cm! $10.00!

Plastic!Wrap!–!100!cm2! $20.00!

Aluminum!Foil!(reg)G!100!cm2! $30.00!

Aluminum!Foil!(heavy!duty)G!100cm2! $60.00!

Copy!PaperG!100!cm2! $10.00!

Wax!Paper!G!100!cm2! $20.00!

Foam!sheet!!G!!100!cm2! $40.00!

Craft!Stick!(jumbo)! $20.00!

Craft!Stick!(regular)! $10.00!

Pipe!cleaner!(jumbo)! $50.00!

Pipe!cleaner!(regular)! $30.00!

Cotton!Ball! $10.00!

!
!
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Copy!PaperG!100!cm2! $10.00!

Wax!Paper!G!100!cm2! $20.00!

Foam!sheet!!G!!100!cm2! $40.00!
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Cotton!Ball! $10.00!

!
!
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Design	
  and	
  Redesign!	
  

•  Implement	
  the	
  plan	
  for	
  the	
  top	
  of	
  the	
  
water	
  collecHon	
  tank,	
  test	
  the	
  design,	
  
and	
  evaluate	
  it.	
  

•  Redesign	
  is	
  important	
  step	
  for	
  students	
  
– Allows	
  mulHple	
  soluHons	
  &	
  iteraHons	
  
– Build	
  upon	
  failures	
  and	
  towards	
  success	
  
– Makes	
  the	
  reflecHon	
  useful	
  and	
  intenHonal	
  

Plan	
  

Implement	
  

Test	
  

Evaluate	
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Lesson	
  7:	
  Design	
  Examples	
  
•  Inspired	
  by	
  Nature	
  

 

How would Nature...  

 
Sign In · Join

History:...Search: How would Nature collect water...Biolytix&reg; water filter...Search: collect water

Strategy
Gallery

Comments

Created: 2012-08-13
Updated: 2012-08-13

Leaves gather water: geophytes

  1 of 1 Albuca namaquensis / buildingades.. / License

Leaves of geophytes collect and retain water from fog and dew by morphological adaptation of
their aerial parts.

ground where a large tap root can absorb it.
Biomimicry Taxonomy

 
Get, store, or distribute resources >

Capture, absorb, or filter >
Liquids

Biomimetic Application Ideas
 

Devices to capture dew for later use.

> Visit strategy page

[Collapse all sections]  Summary
"Further inland, one of the oddest of all plants manages to survive largely on dew. Welwitschia is

related to the conifers and the cycads and consists of just two long strap-like leaves that sprout from
a central swollen trunk only a few inches high. The leaves grow continuously from their base and
become very long indeed. They would doubtless be even longer were it not for the desert winds

which, blowing them back and forth, frays the ends into tatters. Even as it is, these leaves may be
twenty yards long and lie curled in untidy heaps around the stunted trunk. They collect droplets of
dew and channel them down runnels into the ground where the water is absorbed and stored in an

immense conical tap root." (Attenborough 1995:267)
About the inspiring organism

 Welwitschia mirabilis
Welwitschia mirabilis Hook.f.

IUCN Red List Status: Unknown

Some organism data provided by: World Checklist of Selected Plant Families
Organism/taxonomy data provided by:

Species 2000 & ITIS Catalogue of Life: 2008 Annual Checklist 
Bioinspired products and application ideas

Application Ideas: Devices to capture dew for later use.

Industrial Sector(s) interested in this strategy: Water harvest, agriculture

Elf Shelter Rainwater Collector - Rainwater collector

References
Attenborough, D. 1995. The Private Life of Plants: A Natural History of Plant Behavior. London:

BBC Books. 320 p. 
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The long leaves of desert Welwitschia capture water by collecting dew and channeling it into the
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Module	
  Overview	
  (K-­‐5)	
  
Grade Unit	
  Title Science	
  Connec5ons Engineering	
  	
  &	
  Technology	
  Connec5ons Mathema5cs	
  Connec5ons 

K Designing	
  Baskets •  SorHng	
  by	
  properHes	
  
•  Nature	
  vs.	
  human-­‐made	
  

•  Engineering	
  design	
  with	
  an	
  emphasis	
  
on	
  tesHng	
  	
  

•  Weaving	
  to	
  make	
  	
  paper	
  stronger	
  	
  

•  Pa"erns	
  
•  CounHng	
  

1 Designing	
  hamster	
  
habitats 

•  Animals,	
  basic	
  needs,	
  animal	
  
habitats	
  	
  

•  Designed	
  and	
  natural	
  systems	
  

•  Engineering	
  design	
  with	
  an	
  emphasis	
  
on	
  tesHng	
  ideas	
  

•  Design	
  a	
  hamster	
  habitat	
  and	
  test	
  it	
  

•  CharacterisHcs	
  of	
  basic	
  shapes	
  and	
  use	
  
those	
  to	
  compose	
  and	
  decompose	
  
objects,	
  	
  

•  Making	
  numbers	
  0	
  -­‐	
  20	
  

2 Toy	
  Box	
  Organizer •  Physical	
  properHes	
  and	
  
characterisHcs	
  (color,	
  size,	
  shape,	
  
weight,	
  texture,	
  flexibility,	
  
strength	
  and	
  the	
  types	
  of	
  
materials	
  in	
  the	
  object)	
  	
  

•  Engineering	
  Design	
  with	
  an	
  emphasis	
  
on	
  materials	
  

•  Importance	
  of	
  materials	
  

•  	
  Standard	
  units	
  of	
  measurement	
  	
  
•  Understand	
  length	
  as	
  a	
  measurable	
  

a"ribute;	
  	
  
•  use	
  tools	
  to	
  measure	
  length!

3 Traveling	
  to	
  the	
  Moon •  Gravity	
  	
  
•  Solar	
  system	
  
•  Moon	
  and	
  moon	
  phases	
  

•  Engineering	
  Design	
  	
  
•  ModificaHons	
  to	
  fit	
  new	
  environments	
  
•  SimulaHons	
  

•  MulHplicaHon	
  
•  Understanding	
  of	
  fracHon	
  as	
  numbers	
  
•  Measurement	
  with	
  distance	
  and	
  Hme	
  

4 Countdown	
  Clock	
   •  Energy	
  
•  Electricity	
  
•  Circuits	
  
•  Compare	
  insulators	
  and	
  

conductors	
  of	
  electricity	
  

•  Engineering	
  Design	
  with	
  an	
  emphasis	
  
on	
  constraints,	
  	
  

•  Test/evaluate	
  soluHons	
  

•  Modeling	
  
•  Cost	
  component	
  	
  
•  Polygons	
  
•  Collect/organize	
  data	
  

5 Nature	
  Inspired	
  
Design	
  
	
   

•  Animal/plant	
  structures	
  that	
  
provide	
  advantages,	
  

•  Natural	
  systems	
  

•  Engineering	
  design	
  
•  Using	
  nature	
  as	
  inspiraHon	
  for	
  designs	
  

•  Algebraic	
  Thinking	
  and	
  Recognizing	
  
Pa"erns	
  

•  Interpret	
  mulHplicaHon	
  as	
  scaling	
  
•  Geometry	
  &	
  Measurement	
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Thank	
  you	
  

Tamara	
  Moore:	
  tamara@purdue.edu	
  
KrisHe	
  Tank:	
  kmtank@umn.edu	
  
	
  
Website:	
  h"ps://sites.google.com/a/umn.edu/picturestem	
  	
  


