
3.	Using	hands-on	analogue	models	are	an	effective	
way	to	communicate	the	basic	functioning	of	the	
systems	and	an	individual’s	role	in	the	system

5.	Acknowledging	the	social	taboos	is	critical	
for	implementation	of	regenerative	systems

2.	Presentation	of	urine	and	feces	as	a	
valuable	resource	resonates	with	student	

interest	in	living	more	sustainably

4.	Students	recognized	the	connection	
between	the	wastewater	treatment	and	

quality	of	drinking	water
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Key	Findings

Future	Research	

1.	Students	found	it	valuable	to	know	about	
alternative	wastewater system	options

Conversation	in	Focus	Group	4
Student	32:	“I	think	that	one	thing	
that	if	I	could	broadcast	to the	world	
would	be	that	feces	is	a	resource. It's	
not	just	something	gross.	It's an	
important	part	of	everybody's	
life. And	it	can	be	utilized	in	positive	
ways. As	long	as	we	just	kind	of	
conceptualize	it	as this	resource	
instead	of	a	contaminant.”	

(Response)	Student	42:“I	agree.	I	
think	a	lot	of	people	don’t	realize	
that	they	can	use	their	waste	as	a	
fertilizers,	as	a	resources.	People	
need	to	know	about	this.”	

We	Need	Comprehensive	
Water	and	Wastewater	Systems	Education

• Effective education can contribute to the societal shifts toward living 
more sustainably.1

• Most water science  curriculum does not address the role of 
infrastructure.2,3

• The relationship between our toilet systems, food, energy, and water 
system needs to be explicit.4

• Limited research on undergraduate perceptions of water systems reveals 
misconceptions. 5,6

• Students will inherit antiquated infrastructure that are vulnerable to 
disruptions, fail to treat modern toxins, and do not consistently provide 
safe drinking water and sanitation.7

• Students are open to the  idea of using alternative systems.8

• This work aims to support a change in mentality from “flush and forget” 
to “capture and cultivate”.   

Students reported that being 
aware of different options 
for water and wastewater 
treatment and reclamation 
was the most important 
thing they learned. By a 
factor of two, this was the 
most poplar response. Other 
top comments included 
functionality of the system 
and sustainability.  

Qualitative Analysis of  Essay Responses
This poster reports “what” systems students chose. 
Further analysis will reveal “why”, and  “how” they 
discuss the scientific and ethical perspectives. It will 
investigate student conception of the role toilet 
systems play in sustainability. 

Familiarity and Interest Survey
Spring 2022: Undergraduates in science and non-
science courses completed survey at UGA n=830
Fall 2022: Anticipate ~ 800 more participants
Data analysis will give insight into broader 
population’s conceptions of water and wastewater 
systems

We invite you to 

take the survey!

Focus	Group	8	
Student	19:	“I	have	definitely	talked
to	my	family	and	friends…	It	was	
actually	really interesting,	so	being	
able	to	talk	to	them	about	it,		
hopefully	that	impacts	them	in	
some	way,	to	think	about,	a	little	bit	
about	their	wastewater	systems.”

Most students talked 
about the lab with 
someone outside of 
the lecture and lab 
periods. This indicates 
that students found 
the information 
valuable enough to 
breech a taboo topic 
not typically discussed 
and affirms interest. 

Focus	Group	1
Student	35:	”I'm	from	the	
rural	area	and	we	have	a	
septic	tank.	I	knew	there	
was	a	box,	but	I	didn't	
know	how	it	worked	
because	it's underground	
is	kind	of	out	of	sight,	out	
of	mind. So,	to	actually	see
a	replica	was	really	cool.”

1. Gosselin, D. C., Manduca, C., Bralower, T., & Mogk, D. (2013). Transforming the teaching of geoscience and sustainability. Eos, Transactions American Geophysical Union, 94(25), 221-222. 
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3.	Sadler,	Troy	D.,	Hai	Nguyen,	and	Deanna	Lankford.	"Water	systems	understandings:	a	framework	for	designing	instruction	and considering	what	learners	know	about	
water." Wiley	Interdisciplinary	Reviews:	Water 4,	no.	1	(2017):	e1178.
4. Beck, M., Jiang, F., Shi, F., & Villarroel Walker, R. (2011). Cities as forces for good in the environment: Sustainability in the water sector. Athens, Georgia: Warnell School of Forestry & 
Natural Resources, University of Georgia. 
5.	Attari,	Shahzeen Z.,	Kelsey	Poinsatte-Jones,	and	Kelsey	Hinton.	"Perceptions	of	water	systems." Judgment	and	Decision	Making 12,	no.	3	(2017):	314.
6. Brands, E. (2014). Prospects and challenges for sustainable sanitation in developed nations: a critical review. Environmental Reviews, 22(4), 346. 
7. United States Engineers Infrastructure Report, 2021
8. Ishii, S. K., & Boyer, T. H. (2016). Student support and perceptions of urine source separation in a university community. Water Research, 100, 146-156. 

Students demonstrated learning gains. We analyzed pre-post-and prolonged student drawn diagrams to measure change in understanding of the 
the water and wastewater system. Experts identify seven main elements, which were used as the key.5 Results show significant increase (p=<0.001) 
the number of elements drawn from the pre to post and prolonged surveys. Largest learning gains were for elements: 1: Natural water source, 
3: Distribution of drinking water, 5: Collection of wastewater, 7: Water and nutrients being re-introduced into the environment. 

Student Essay Response explaining how sewage 
Student 12: “There are many ways that wastewater systems impact the environment and having a sustainable 
wastewater system can greatly decrease the negative environmental impacts that wastewater systems can have on 
the planet. Sewage is a big issue because it can end up in our water, making it unsafe, and it can end up in a landfill 
contributing to more of the waste that we continue to produce which contributes to pollution and habitat loss. With a 
sustainable wastewater system sewage can be used for several things like humanure and biosolids and would never 
be able to end up in someone’s drinking water. 

Students were presented with current conventional septic 
and sewer systems and alternative systems that are 
designed to reclaim water and nutrients. These systems are 
also called regenerative toilet systems. Diagrams and basic 
principles of the design were included in the lesson. 

Essay design incorporates scientific and ethical 
considerations for wastewater systems. 

Beginning of Prompt: Imagine that you can 
choose whichever wastewater system you would 
like to have in your future home. What is your 
ideal? Which system would you choose and 
why? …Discuss the role of wastewater systems 
within the broader context of sustainability…
Further instructions and a rubric were given.

Focus Group 7
Student 30: “The most 
important takeaway 
message was that 
there are a lot 
of alternative solutions to 
our traditional sewage 
system. And that a lot of 
them are 
more environmentally 
friendly.” 

Essay	Response
Student	9:	“My	ideal	situation	would	be	to	live	in	a	sustainable	cottage	
in	the	mountains	or	near	the	coast	with	a	good	amount	of	land,	
preferably	on	the	west	coast	or	in	the	pacific	northwest.	If	I	were	living	
in	this	kind	of	house,	I	think	I	would	want	a	composting	toilet	along	
with	a	rainwater	cistern	system.	Using	these	kinds	of	systems	would	
be	incredibly	sustainable	for	both	my	family	and	the	environment.”	

Students expressed the desire to live a more sustainable lifestyles. They 
identified how water and wastewater systems could contribute to this 
effort. Having toilet system that used less water and allowed them to use 
the nutrients for their garden would support their goals. Students who 
wanted to live in an urban environment mentioned that they wanted their 
sewer system to use reclamation technologies. 

Prolonged-Survey (final exam)

Student added a sewer 
system to the drawing 
on the final exam.

All 7 elements 
are represented.

Only shows immediate 
elements before and 
after usage. Score of 4.

Survey Prompt: Please draw a diagram illustrating your understanding of 
the water and wastewater system that provides service to your home….

Pre-Survey (before module) Post-Survey (one-week after module)

Example of the progression of one student’s drawings
Students’ scores increased 

after module. 
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When given the 
task to learn more 
and write about 
the system of their 
ideal choice, most 
students selected 
options listed as 
regenerative 
systems.  

Regenerative Systems are Designed to 
Recover and Use Natural Resources 

Examples Covered in Lesson 
• Urine Diversion 
• Vermiculture
• Compost Toilets
• Living Machine 
• Biogas: Anaerobic Digesters
• Conventional with Reclamation

• Modified Septic Systems
• Twin-Pit 
• Constructed Wetland

• Innovation in Sewer
• Struvite Production
• Composting Biosolids
• Constructed Wetlands 

Who likes the 
idea of making a 

natural 
resource? 

Sources of Data
-Participants in study = 51  (81% of enrolled)
-Pre & Post Familiarity and Interest Survey (n=46)
-Pre, Post, Prolonged Student Diagrams (n=41)
-Student Essays (n=46)
-Focus Groups (n = 30) 5 students excluded in other data

Population	of	Study	

Political Affiliation 

Libertarian
Conservative
Moderate
Liberal
Non-Partisan
Prefer not to say

Gender

Man

Non-binary /
third gender
Prefer not to
say
Woman

Racial Identity

Black or African-
American
Native Hawaiian
or Pacific Islander
Southeast Asian

White

I prefer not to say

Student's Connectedness with Nature  

1
2
3
4
5
6
7

Undergraduates in 3000-level: Soils and Hydrology Course 
Top majors: Fisheries & Wildlife Forestry; Agriscience & 
Environmental Systems; Horticulture

Students’ self-assessment of learning gains showed a shift to “knowing the basics”. The pre-post survey asked students to gauge how familiar they 
were with wastewater and drinking water systems. Results showed the median and mode for the familiarity item for both wastewater and drinking 
water systems shifted to “I know the basics of how water and wastewater systems work”.   

Accounts for 
sludge disposal 
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Survey Responses To: "What part of the lesson or lab was the most influential 
in your understanding of your role in the water and wastewater system?" 
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I flush the toilet and use
water. That is the extent

of my knowledge.

At some point I learned
about wastewater
systems but don't
remember much.

I know the basics of how
wastewater systems

work.

My knowledge of
wastewater systems is

comprehensive.

Wastewater Systems

Pre Post   (n=46)
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I use tap water. That is
the extent of my

knowledge.

At some point I
learned about drinking

water systems but
don't remember

much.

I know the basics of
how water systems

work.

My knowledge of
water systems is
comprehensive.

Drinking Water Systems

Pre Post  (n=46)How familiar are you 
with wastewater 

systems? This includes 
toilets, sewer and septic 

systems.

How familiar are you 
with drinking water 

systems? The system 
that supplies water to 

your house.

Focus	Group	1
(Response)	Student	27:	
Same	...the	models	are	
definitely	the
most helpful	for	
understanding	how	
everything	works.

Students recognize the value of models for understanding how the systems function. Post-survey responses and focus group discussions indicated 
that using the models and seeing the example of a compost toilet were the most effective parts of the lesson. They acknowledged the models as an 
important part of their learning process. 

Digital sketch of the Urban HydroLink
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Features that would motivate students to choose a new type 
of toilet system  They could choose up to 3. (n=46)

Pre (139 responses)

Post (129 responses)

Video of 
Septic System Model  

Video of 
Sewer System Model 

After the module, more students depicted wastewater 
being discharged into a natural source of water, which 
could then serve as a drinking water source. The post and 
prolonged diagrams illustrated a connection between 
wastewater treatment and a freshwater resource: septic 
systems showed water reaching the water table or stream 
via groundwater or sewer systems discharging into a 
stream or lake. See figure for example. 

Student initially placed “better at preventing 
drinking water pollution” as a top reason for 
adopting a new toilet system, indicating a value 
in having clean water resources for human 
consumption. During the module, they were 
exposed to the different type of and ways toxins 
from septic and sewage systems contaminate 
drinking water. Statistics were provided to trigger 
interest and highlight the relevance of the topic. 
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The lesson helped students overcome a social barrier to innovation and realize the benefits of utilizing pee and 
poop as a resource. Before engaging with the topic of human-derived fertilizes, the module addressed the cultural 
and biological reasons humans initially respond to the topic with “disgust”. During focus groups, students expresses 
that one of the most important things is to be able to talk about pee and poop and what happens when we flush the 
toilet. They also reflected on witnessing others process of learning. 
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Student Responds: Did you talk with anyone about what 
you learned in the water and wastewater systems 

lecture or lab? (n=46)

No

Yes, with my peers in the
class
Yes, with my roommates

Yes, with my friend(s)

Yes, with my family

Yes, with co-worker(s)

Focusing on treatment processes and 
application of products led to concepts 
of sustainability. Exploring system 
diagrams, samples, and data for human-
derived fertilizers helped students 
realize the value and potential use of 
urine and feces. Comparing  physical 
characteristics of urine with commercial 
fertilizer derived from mining and 
manufacturing highlights the role toilet 
systems play in food and energy 
systems. 

  Effective (Full points) 
Choice of 

Wastewater 
System 

Describes in detail the wastewater system of choice. Provides 
a thoughtful reflection as to why this is the preference. May 
draw from experience and information not provided from 
assigned resources. Statement demonstrates sophisticated, 
integrative thought.   

Landscape 
Description 

Describes the relevant features of the environmental and 
human landscape.  Explains how features will inform an 
appropriate wastewater system design. A conclusion is drawn 
as to if the preferred system is appropriate for the landscape. 
The connection between the environmental, human, and type 
of infrastructure is discussed.  

Scientific 
Perspective 

Discusses in detail a supportive rationale for the adoption of 
the wastewater system in terms of a scientific topic(s). 
Reasoning is grounded in empirical description and may refer 
to scientific findings.   

Ethical 
Perspective 

An ethical topic is described, and the selected wastewater 
system is analyzed from that perspective. Ethical reasoning 
refers to values. The degree to which the wastewater system 
of choice aligns with the values is thoughtfully discussed.  

Context of 
Sustainability 

Synthesizes the information in terms of sustainability. 
Discusses the overall benefit(s) and drawback(s) of the system 
and how the adoption of the preferred system would 
contribute or hinder sustainability.  

 

Focus	Group	5:	In	response	to	”what	is	the	most	important		take-away	from	this	lesson?”
Student	34:. It's	important		to,	kind	of	destigmatizing the	idea	that	it's	gross	and	like	kind	of	making	it	less	
taboo. And	I	think	the	more	that	people	learn	about	it, it	will	effectively	make	people	feel	that	it's	yeah, but	it's	not	
as	gross	as	they	might	think	it	is. And	because	I	think	if	you	understand	what	goes	into	it, especially	the	alternative	
systems, then	it	helps	you	realize	that,	you	know, you're	not	just	like,	reusing	your, you	know,	your	poop	and	
pee. There's	a	lot	that	goes	into	it	and	make	it	safe and	all	that	stuff…	It's	funny	because	when	this	topic	first	got	
brought	up, new,	and	we	first	started	talking	about	it. There's	a	couple	of	people	in the	class	that	I	heard	make	
some	comments,	like	“no,	like	this	is	too	much.” And	then	at	the	end	of	the	class	on	the	last	day	they	were	kinda
like, ”Oh,	I	mean,	that	makes	sense.” I	thought	it	was	funny.	 It	was		the	same	group	of	people and	they	had	changed	
their	minds.

Essay Response: Studnet Seclection 
of "Ideal" Toilet System (n=46) 

Regenerative

Conventional

Conventional
with
Reclamation

Designed by Hayley Joyell Smith ; Illustrated by Sarah Coker 

Diagram: Synthetic Fertilizer NPK Diagram for Urine Fertilizer

Designed by Hayley Joyell Smith 
Illustrated by Sarah Coker 

Urine Icons by Rich Earth Institute

Module	Design	

Water	and	Wastewater	Systems	Framework	

Monday Lecture (50 min) 

Introduction to systems-thinking 
-Solving ”wicked”, complex problems 
-Food-water-energy nexus 

Water and Wastewater Framework
- Explore topics and perspectives

Homework
-TedTalk & Edu. Videos with handout

A framework was developed to guide content development and outline aspects of the systems for students. Learning 
objectives aligned with research questions. Active learning techniques were integrated into lectures and lab activities. 

Wednesday Lecture (50 min) 
Practice systems thinking 

-Using diagrams and asking questions
-Identifying pros and cons
-Apply to concepts of sustainability

Products from treatment plants
Present regenerative toilet systems 

Wed. and  Thurs. Labs  (105 min)
Rotate through hands-on stations

-Septic, sewer, compost system models 
Guided meditation : Part of natural cycles
Analyze human-derived fertilizers

-Observe physical characteristics
-Interpreting system diagrams

Essay: Ideal toilet system
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Human Domain

Properties & Functions of Urine and  
Feces

Quality of Life

• Health
• Agricultural Products
• Drinking Water
• Recreation

Sense of Responsibility

• Operation / Maintenance
• Prevention of Pollution
• Use of Resources  
• Building / Health Codes

Financial Cost and Equal 
Opportunity

Social & Culture Norms

• Taboos
• Concept of Purity
• Political Dynamics
• Orientation to Nature

Infrastructure Domain

Potable Water vs. 
Wastewater

Centralized vs. 
Decentralized

Engineering, Functions & 
Resiliency of  Components 

• Treatment 
• Transport 
• Storage 
• Usage (Toilet)

Options for Water 
Conservation and Reuse

Security, and Hazards Risks

Ability to Meet Standards

• Environmental
• Health
• Convenience

Environmental Domain

Quality of Water

• Receives Effluent
• Drinking Water Source
• Aquatic Habitat  

Geography

• Soil Type
• Slope
• Hydrology
• Population Density

Production and Application 
of Fertilizers 

Impact on Natural Systems

• Climate 
• Ecosystems
• Nutrient Cycle
• Water Cycle

Degree of Alteration of the 
Landscape

Domains of the 
Water and 

Wastewater System

Topics of 
Water and 

Wastewater 
System

Perspectives
Scientific

Ethical 

Student Composting of Food Behavior

Actively composts

Will compost if it
is convenient
Used to and might
in the future
Never have before
but are interested
Unfamiliar with
compost


