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Outline of talk: 
 
•  Introduction to STEM 

•  STEM to STEAM 

•  Recent changes to Science and Art 

•  Past projects: Engaging students about Ecology 

•  Example for you to try!  
 
 



What is STEM? 



STEM education = integration of 
science, technology, engineering, and 
mathematics to solve real world 
problems.  
 
These solutions require innovation, 
creativity, analysis, teamwork, and 
communication 
 
+ creative engineering design process. 
  

National Research Council. (2011). Successful K-12 STEM education: Identifying effective 
approaches in science, technology, engineering, and mathematics. National Academies Press. 



What are the goals of STEM?   
 

•  To facilitate students ” to think deeply and to think well so that 
they have the chance to become the innovators, educators, 
researchers, and leaders who can solve the most pressing 
challenges facing our nation and our world, both today and 
tomorrow” (U.S. Department of Education, 2017)  

 
•  To prepare students for an “increasingly science- and 

technology-driven world…to expand the STEM-capable 
workforce and to increase scientific literacy among the general 
public” 

 
•  Expand the STEM-capable workforce and broaden the 

participation of women and minorities in that workforce. 

 

National Research Council. (2011). Successful K-12 STEM education: Identifying 
effective approaches in science, technology, engineering, and mathematics. 
National Academies Press. 



S.T.E.M to S.T.E.A.M?  
 



•  Emphasizes the value of creativity and arts-based learning in the 
sciences 

 
•  Relies on breaking down the distinction between disciplines 

traditionally seen as “creative” like the arts or music, and STEM 
disciplines traditionally seen as more rigid or logical-
mathematical.  

 
•  The multifaceted issues and complex problems served by 

scientific thinkers today require 21st century professionals who 
go beyond disciplinary content, and are also creative thinkers 
who work between disciplines   

Henriksen, D. (2014). Full STEAM ahead: Creativity in excellent STEM 
teaching practices. The STEAM journal, 1(2), 15. 



STEAM advocates such as Dr. Nettrice Gaskins affirms the value of 
STEM but insist that the arts (including humanities) foster creativity, 
global awareness, design, and literacy; and provide an avenue for 
learning that adds to STEM. 
•  The Key is creativity  
•  Creativity is the catalyst for learning 
•  Democratized interpersonal creative learning for all students 

regardless of race, sex, orientation or socio-economic status 



“The most exceptional thinkers in fields like science or math are also 
highly creative individuals who are deeply influenced by an interest in, 
and knowledge of, music, the arts and similar areas”  Henriksen, D. (2014) 



Changes to Science and Art 



Nicolescu, B. (2002) Manifesto of 
Transdisciplinarity. Voss, K-C., Tran. New 
York: SUNY Press.  
Focussed on moving beyond disciplines for 
knowledge production 
 
Mittelstraß, J. (2000) Transdisciplinarity: 
New Structures in Science. Presented at the 
Innovative Structures in Basic Research  
Conference of the Max Planck Society, 4–7 
October 
Focussed on real world problem solving 

Transdisciplinary or Transdisciplinarity?  

Nicolescu, B. (2002) Manifesto of Transdisciplinarity. Voss, K-C., Tran. New York: SUNY Press.  
 
Mittelstraß, J. (2000) Transdisciplinarity: New Structures in Science. Presented at the Innovative Structures in Basic Research  Conference of the Max Planck 
Society, 4–7 October 
 



Mode 1: Knowledge produced by 
scientists and largely remains in 
scientific community (silo). Operates 
autonomous from social goals and 
interests.  
 
Mode 2: Transdisciplinary 
(Heterogeneous) knowledge 
production by individuals from 
diverse backgrounds- view points. 
 
Reflective and flexible forms of 
research for complex problem-
solving.  
 
Knowledge socially distributed 
beyond science 

Gibbons et al. 1994). The New Production Of Knowledge: The Dynamics Of Science And Research In Contemporary Societies. Sage 

Changes in Science: Mode 2: Knowledge Production 



Funtowicz, S. and Ravetz, J. (1993) "Science for the post-Funtowicz, S. and Ravetz, J. (2003) ‘Science 
for the Post-normal Age’. Futures 25, 735–755. 

Changes in Science: ‘Post Normal Science’ 

PNS Research is: 
problem-driven, 
creative and 
participatory (even 
local youth and 
stakeholders) 
 
Temporal and 
adaptive to situation 
as situation constantly 
changes 
 
Outcomes evaluated 
by larger society not 
just piers  
 
 



Coined in 1999, the term ecovention (ecology + invention) describes an  
artist-initiated project that  employs an inventive strategy to physically 
transform a local ecology. Of course, artists don't produce their projects on 
their own. They  collaborate with c ommunity members and local specialists 
such as architects, botanists, zoologists, ecologists, engineers, landscape 
architects, and urban planners to realize and evaluate their scie ntifically 
complex projects. 
 
Local citizens' role as stakeholders is of paramount importance to an 
ecovention's survivability, since citizens are the stewards who will protect 
and maintain the ecovention once it's built. Of course, there are numerous 
fascinating stories about citiz ens or specialists who initially doubt ed the 
feasibility of a particular ecovention and underwent a 180 -degree turn to 
become its biggest advocates. 
 
As scientific experiments carried out in the context of the art world, 
ecoventions are able to withstand a higher level of risk than typical scientific 
experiments. Such experiments usually cost less as works of art and garner 
broad support as c ommunity-building public projects, a feature that give s 
ecoventions a disti nct advantage over pure science. Furthermore , their 
success isn't judged by the artist's ultimate ability to publish the re sults or 
pay back sponsors like the National Science Foundation, as would be the case 
for scientists 
 
Ecovention has benefited from w hat came before. For explanatory ease, 
ecoventions have been sub-divided into five categories: 1) a ctivism to 
publicize ecological issues/monitoring ecological problems, 2) valuing 
anew/living with brownfiel ds ,  3) biodiversity/accommodating 
species/studying species depletion, 4) urban infrastructure /environ mental 
justice, and 5 ) reclamation and restoration aes thetics. Of course, these 
categories are hardly fixed, i n that artists who create ecove ntions are ready 
activists who incidentally champion environmental justice.  

Ecology + Artistic Invention = EcoVention 
 

Spaid, S. (2002). Ecovention. Cincinnati: The Contemporary Arts Center. 

Changes in Art 

Projects are problem-
driven and often 
participatory (with local 
youth and stakeholders) 
 
Temporal and often 
adaptive to situation as 
situation constantly 
changes 
 
Outcomes evaluated by 
society not just piers  



Art + Ecology = Eco Art 

A Survey of  
20/21st C. Artist instigated  
creative art/ science projects towards  
environmental and social  
sustainability  
+  
guides citizens to integrate 
environmental awareness, 
responsibility, and activism into their 
professional and personal lives 

 
Weintraub, L. (2012). To life!: Eco Art In Pursuit Of A Sustainable Planet. University of California Press. 

Changes in Art 



Past projects:  
Engaging students about Ecology through science and art 



Field and Lab  
Biological  
Research 

Art inspired by  
these experiences 

Participatory  
Eco-Ed 

Programs 

Transdisciplinary Practice 



What is ecology?  

The branch of science that is concerned with the relationships 
between organisms and their environments + the study of the 
detrimental effects of modern civilization on the environment, with 
a view towards prevention or reversal through conservation. 

Artist/ Scientist Ernst Haeckel created the 
term “ecology” from the ancient Greek word 
for “home”-  “οἶκος” (oikos) in 1866.  



  

Ernst Haeckel  



Of the known 7000+ species, over 1/3 
up to 43% are already gone or are 
declining.  

Primary focus of scientific research and ecological art: 1996-2015:  
Amphibians as ‘bio-indicator’ species 

Amphibian deformities have been 
reported in six continents and appears 
to be increasing (at least among some 
populations) 

Piedmont, Italy 2010 

Essonne, France 2012 



 
 
 

Asia 

Africa 
Australia 

The Americas 



Yorkshire Sculpture Park, England Eco-Action from 2006-08 Malamp UK studies. Photograph 2008 by Jonty Wilde 

Eco-Actions= Public participation in preliminary and primary field research/ 
experiential environmental field-trips 



Piedmont, Italy Eco-Action from 2010 Malamp IT studies. Photograph 2010 by Orietta Brombin 



Lough Boora, Ireland Eco-Action from 2010 Common frog/ Rana temporaria studies. Photograph 2010 by Kevin O’Dwyer 



Chamarande, France Eco-Action from 2012-13 anuran studies. Photograph 2012 by Maeva Blandin 



Greater Ljubljana, Slovenia Eco-Action from 2013 anuran studies. Photograph 2013 by Marc Dusseiller Dusjagr  
 

















138 visitors to the lab answered questionnaires, of which 91% answered “yes” when 
asked “Did you learn anything about amphibians by visiting this open 
laboratory?” (Figure 8).  However, the majority of visitors (51%) deemed the YSP Public Bio-
Art Lab as “science” when asked “Is this art or science or both?” 

Public Bio-Art Laboratories:  
England 2008 
  



Here only 56 visitors answered questionnaires, of which only 62% 
answered “yes” when asked “Did you learn anything about amphibians by visiting this 
open laboratory?” (Figure below). Additionally, most people (73%) viewed the lab 
as a dually art and science by answering “both” when asked “Is this art or science 
or both?” 

Public Bio-Art Laboratories:  
Canada 2010 





Figure: B. Ballengée &  D. Szuroczki, 2009 

Appears to be  
increased by  
agricultural practice 

Scientific Discoveries:  
Parasites! 



UK Studies 2005-08  

Scientific Discoveries:  
Predators! 



From Ballengée & Sessions, 2009. Journal of Experimental Zoology 

Appears to be  
increased by  
agricultural practice 





Art 
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2010 Deepwater Horizon oil spill in the Gulf of Mexico  



Largest spill in history (Crone & Tolstoy 2010, Rabalais 2014) 



•  estimated at 206 million gallons of oil released with an immediate 
‘kill’ zone greater than 200 kilometers wide(GRN, 2011)  

•  PB utilized 2 million gallons of chemical dispersants such as 
Corexit 9500, which made the effluents as much as 52% more 
toxic than the oil itself, more wide-spread and potentially 
inhibited hydrocarbon-degrading bacteria (Hamdan & Fulmer, 2011; Rico-
Martinez et al, 2013)  

•  Thousands of kilometers Gulf floor layered with toxic sludge, 
shore impacts at greater than 1000 miles of fragile estuary 
ecosystems and beaches (CRS Report R42942, Ramseur & Hagerty, 2014). 
Increased reports of malformations in marine life (GRN, 2012) 

•  2013 United States Congressional Report estimates that after 
clean up efforts over 100 million gallons of oil and materials 
remain in the Gulf (CRS Report R41531, Ramseur, 2013) 



* Sources Chakrabarty  et al. 2014  
 



Crude Life: A Citizen Art and Science Investigation of Gulf of Mexico 
Biodiversity after the Deepwater Horizon Oil Spill (2016-ongoing) 

Prosanta	
  Chakrabarty,	
  Ph.D.:	
  Professor	
  of	
  Biology	
  and	
  Scien(st	
  (Fish	
  
expert)	
  at	
  Louisiana	
  State	
  University	
  (Baton	
  Rouge,	
  Louisiana).	
  

	
  
Sean	
  Owen	
  Miller:	
  Ar(st,	
  designer,	
  and	
  Professor	
  at	
  the	
  University	
  of	
  

Florida	
  (Gainesville,	
  Florida).	
  	
  
	
  

Rachel	
  Mayeri:	
  Ar(st,	
  Designer,	
  and	
  Professor	
  of	
  Media	
  Studies,	
  
Harvey	
  Mudd	
  College,	
  (Claremont,	
  California)	
  

	
  
Lise	
  M	
  Frandsen	
  Autogena:	
  Ar(st,	
  Filmmaker,	
  and	
  Professor	
  of	
  Cross-­‐

Disciplinary	
  Art,	
  Sheffield	
  Hallam	
  University	
  (Sheffield,	
  England).	
  
	
  

Suzanne	
  Fredericq,	
  Ph.D.:	
  Professor	
  of	
  Biology	
  and	
  Scien(st	
  (Algae	
  
expert)	
  at	
  University	
  of	
  Louisiana	
  Lafaye[e	
  	
  (Lafaye[e,	
  Louisiana).	
  

	
  
And	
  others!!!	
  



18%	
  MIA	
  (n=14	
  species)	
  

The occurrence records of the 77 endemic species of the Gulf of Mexico were tallied 
using The Global Biodiversity Information Facility and FishNet2 from October-
December of 2015 































STEAM Approaches towards increasing Environmental Awareness 
through Urban Species Encounters 

Example for you to try!  From Scales to Feathers 



Utilizing urban species and pigeons in STEAM teaching ecology 
and natural history to grade-school students  



Urban bird-watching! 
How can we engage 
students with 
pigeons? 

1. Change sensory input = 
binoculars or change of framing 
2. Learning to look=  
Development of search image  
3. Specific observations=  
What do they see individually? As a group? Describe through drawings  
or writing (can be done as a game- as species scavenger hunt) collect data 



Creative Environmental Stewardship: Human beings build! 

A few ideas:  
1. Creating individual or larger “team” built bird feeders 
(can be made from recycled materials- embedding basic 
stewardship ideas) use engineering, design and art 
2. Creating temporary habits or shelters for migratory 
birds  with the entire class- imparting team building 
skills 



How do we demonstrate principles of Darwinian evolution through 
pigeons? 
 
Where do these birds come from and where are they now? 
Darwin Principle: Movement or migration is the key to species 
adapting to new constantly changing environments 
 
 
Can we use technology to tract  
these movements?  
1. Pigeon-cams 
2. Bird migration satellite data 
3. Citizen science data (your  
students can contribute)  
 
 



What do the pigeons themselves tell us about genetics?  
 
What varieties can we see? Domestics? Wild-types? Urban? 
 
Inheritance and variations of characteristics (genetics & 
phenotype plasticity)- collect the data through science and art! 



How do we demonstrate principles of urban ecology through 
pigeons? Organisms in complex systems 
 
How do these birds live (survive)? What do they eat? Where do 
the nest? How do they survive the winter? 
Natural selection in a post natural world- organisms change! 
Behavioral and physical adaptations to changing environments 



“Experience has its geographical aspect, its 
artistic and its literary, its scientific and its 
historical sides. All studies arise from aspects of 
the one earth and the one life lived upon it.”  
 
-John Dewey 
The School and Society 

“Education is a social process. Education is 
growth. Education is, not a preparation for life; 
education is life itself.” 

Mucho  
gracias!   



What is Experiential Environmental 
Education? 
The 3 E’s to use with STEAM 
Experience   
a particular instance of personally encountering or undergoing something. the 
process or fact of personally observing. knowledge or practical wisdom gained 
from what one has observed, encountered, or undergone 
 
Environment  
The whole of surrounding things, conditions or influences. The social and cultural 
forces that shape the life of a person or a population In the ecological sense the air, 
water, minerals, organisms, and all other external factors surrounding and 
affecting a given organism at any time. 
 
Education 
the act or process of imparting or acquiring general knowledge, developing the 
powers of reasoning and judgment, and generally of preparing oneself or others 
intellectually for mature (HAPPY AND HEALTHY) life. 



Helpful Books  
 
1. Dewey, J 1938, Experience and Education, Collier Books, New York, New York 
 
2. Freire, P 1971, Pedagogy of the Oppressed, Continuum Press, New York, New 
York 
 
3. Hammerman, D R, W M Hammerman, E L Hammerman 1985, Teaching in the 
outdoors, Interstate Publishing, Danville, Illinois 
 
4. Louv, R 2005, Last Child in the Woods: Saving Our Children from Nature-Deficit 
Disorder, Workman Publishing, New York, New York 
 
5. Reed, E 1996, The Necessity of Experience, Yale University Press, New Haven, 
Connecticut, pp. 68-90 
 
6. Rogers, C R 1969, Freedom to Learn, Merrill Publishing, Columbus, Ohio 

 
 

 



Journal, Book articles & websites (just google Experiental Education or Environmental Ed-lots will 
come up!) 
 
1. Gibbons, M & D Hopkins 1986, ‘How experiential is your experience-based program?’ in R. Kraft & M. 
Sakofs (eds.), The Theory of Experiential Education, Association for Experiential Education, Boulder, 
Colorado, pp. 135-140 
 
2. Leopold A 1991, ‘The Role of Wildlife in Liberal Education’ in S L. Flader & J. B. Callicott (Eds.), The 
River of the Mother of God and other essays by Aldo Leopold, University of Wisconsin, Madison, 
Wisconsin, pp. 302-303 
 
3. Light, A 2006, ‘Ecological citizenship: The democratic promise of restoration efforts’ in R Platt (ed.), 
The Humane Metropolis: People and Nature in the 21st Century City, University of Massachusetts Press, 
Amherst, Massachusetts , pp.169-180 
 
4. Science Technology Society and Environment Education 2008, ‘STSE Education Pedagogy’, STSE 
Website, Retrieved 10 January 2009, from utoronto.ca, 
http://webspace.oise.utoronto.ca/~benczela//STSEEd.html 
 
5. Solomon, J & G Aikenhead 1994, STS Education: International Perspectives in Reform,  Teacher’s 
College Press, New York, New York 
 
7. Orr, D 1999. ‘What is Education For?’, in C Meine & R L Knight, The Essential Aldo Leopold: Quotations 
and Commentaries, University of Wisconsin Press, Madison, Wisconsin, pp. 255-268 
 
8. Resznick, T 1995, ‘Where Gaia Meets Mind’ in M Gomes (ed), Ecopsychology: Restoring the Earth, 
Healing the Mind, Sierra Club Books, New York, New York, pp 1-20 
 


