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Conceptual Framework 



What We Need & Why 







The US & Other Nations 

Where We Are 



How Does the U.S. Compare 
in STEM Education? 

• US is 52nd in the quality of mathematics and science 
education 

 

• 5th (and declining) in overall global competitiveness 
 

• US ranks 27th in developed nations in the proportion 
of college students receiving undergraduate degrees 
in science or engineering 

 

• There are more foreign students studying in U.S. 
graduate schools than the number of U.S. students 

 

• Over 2/3 of the engineers who receive Ph.D.’s from 
United States universities are not United States 
citizens 







So Let’s Interest Students To 
Pursue STEM Education! 

The Role of Aquaponics 



Career Potentials 

In STEM 













How Best to Learn? 

And teach? 





Learning STEM via Immersion 

Authentic, application oriented, experiential learning 



The Aquaponics STEM 
Program at SLCC 



Overview 
• History of Hydroponics & Aquaponics 

• Scientific Process 

• Inquiry-based, Authentic Learning & Real-Life 
Relevancy STEM Learning Activities 

• Setting Up the System 

• Fish Ecology 

• Plant Ecology 

• Ecosystem Ecology 
– Nutrient cycles & energy flow 

– Food webs and non-trophic interactions 

• Experiments 

• Presentations 

• Measurement of Outcomes: Affective & Cognitive 



Scientific Process I 

• Research hydro- and aquaponics 

• Build a system 

• Research fish ecology 

• Research plant ecology 

• Research ecosystem dynamics 



Scientific Process II 

• Design research projects based on 
preliminary research 

 

• Present research proposal for peer 
review 



STEM Infused Throughout 

• Option to prepare budget and propose 
different ponic system designs 

 

• Motto- adopt & adapt! 

 

• Grant process merit review 



Food Banking & Donations 

• Social relevancy component 

 

 







Here is our first system  



















STEM INFUSED ACTIVITIES 





30-Gallon Fish Tank System 

• Put fish in your system and wait- the  
bacteria show up in two to three months. 

-Or- 
• 5-day start up inoculation 

– Add fish; add nitrifying bacteria concentrate when 
ammonia <3ppm; monitor the nitrite spike; place 
sprouts into rafts as soon as nitrites first show up 
(anywhere from 5-20 days) 

 
• Students take measurements for ammonia, 

nitrite, and nitrate levels in the context of the 
nitrogen cycle 





Experimental Variations 

Alter variables: 

• Amount of bacterial inoculation 

• # of fish 

• Fish species 

• # of plants 

• Type of fish food 

• Monitor pH changes 

• Effect of micronutrients and/or 
vermicast tea 

 

 



Growth Experiments 

• Investigations: 
 

• Effect of feeding behaviors on growth of fish 
 

• Effect of different types of fish feed on fish 
and/or plant growth 

 

• Effect of mono- vs polycultures of fish and/or 
plants 

 

• Effect of water temperature 
 

• Effect of stock density 
 

• Effect of sunlight and/or artificial light 



Mathematics 



Statistical Charts, Graphs, 
Figures, etc. 



Chemistry Activities 



Chemistry Investigations 

• Water quality studies 
 

• Effect of dissolved oxygen on (and 
effect of plants and fish on DO): 

– Fish growth and behavior 

– Plant growth 

 



Biological Investigations 



Biological Investigations 

• What types of fish and/or plants can 
be grown? 

 

• Fish behavior 
 

• Plant dynamics 
 

 



Engineering and Technology 

• Aquaponic System Designs 
• Relative merits 

 





Aquaponics and Health 

Investigations & Case Studies 

 

• Food quality 
 

• Food safety 
 

 



Aquaponics and the Environment 

Research Investigations/Case Studies 

 

• Water conservation 
 

• No pesticides, herbicides, fertilizers 
 

• Land conservation 
 

• Urban systems 



Investigate and Verify 



• Implementation of Aquaponics in 
Education: An Assessment of 
Challenges, Solutions and Success 
– Emily Rose Hart. 2013. Masters Thesis. 

University of Massachusetts-Amherst 
 

• A.Q.U.A. A Quest to Understand 
Aquaculture.   
– An easy to follow informal aquaculture 

curriculum for teachers of all grade levels. 

 



Challenges Encountered 









Future Directions 



Creating Professional 
Connections 

• Local Industry and Academia 

 

• Career Pathways 

 

• Sustainable Urban Agriculture 

– Modelling different systems 

 

 

















NSF Grant 









Questions, 
Comments, 

Suggestions,  
Ideas 


