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MODULE 3:
AWE AND WONDER WITH CITIZEN SCIENCE

Module 3 moves from practicing mycology to expanding students’ connections with science by 
having them participate as citizen scientists. Alongside learning about the citizen science movement, 
meeting citizen scientists and citizen mycologists, and exploring the contributions their projects have 
made over time, students will engage with an established citizen science project or initiate one of 
their own design. 

The link between studying science, in this instance mycology, and inspiring students to embark 
on their own path of discovery and connection to the greater world sits at the heart of bringing 
Fantastic Fungi into the classroom. As you plan Module 3for your students, take a moment to 
consider your own journey as an educator with these reflective questions:

• What questions do you love to explore?
• What are you passionate about in the world?
• What gives you a sense of wonder and awe in nature and in science?
• How can I contribute to science?

In Fantastic Fungi we see and learn from amazing citizen scientists—most of whom are citizen 
mycologists—people who like to forage, cultivate, or cook mushrooms, or are interested in 
academia and the development of innovative or industrial applications for fungi. In a nutshell, citizen 
mycologists love, respect, and are passionate about everything fungi. Their energy for this work is 
infectious and can be the spark to expand student’s horizons on how and where they can make a 
difference in their world.

Learning Objectives  
  
Students will: 

• Understand the work and contributions of citizen 
scientists

• Learn about the expansive work of citizen mycologist 

William Padilla-Brown (featured in Fantastic Fungi)
• Participate in or create their own citizen science 

project sparked by Fantastic Fungi

Lesson Topics  

• Lesson One: The Need for Citizen Science 
• Lesson Two: Fostering Community—Participating in 

Citizen Science
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LESSON 1:
The Need for Citizen Science

Overview:

In this lesson students will learn about the growth of citizen science and the important 
contributions of citizen scientists to all fields of science. 

Citizen science is a global movement of public engagement and collaboration in scientific 
research to increase scientific knowledge. Formally trained scientists work together with 
individuals (citizen scientists) on science projects to make observations, collect data, and help 
answer some of our planet’s most pressing issues. 

Citizen science projects emphasize engagement in the process of inquiry. Citizen scientists 
observe, question, plan, analyze, and communicate—and once they learn these 
foundational skills, they will carry them into future pursuits, scientific or otherwise. Citizen 
scientists often partner with trained scientists to achieve a common scientific goal, and trained 
scientists often rely on citizen scientists for observation, collection, and documentation of 
data and specimens.

Essential Questions

• Why discover something new?
• Why are citizen scientists so important?
• What is a citizen science project?
• How can I be a citizen scientist?

Materials

1. Equipment to watch film segment from Fantastic Fungi
2. Film clip from Fantastic Fungi (educational version): 21:02 - 23:28 
3. Handout One: Q & A with William Padilla-Brown
4. For Reference: Download Cal Academy of Science - Citizen Science Toolkit.22   

*Note: This is a fantastic in-depth curriculum on citizen science that goes into much more detail. Highly 

recommend adapting it for use with Fantastic Fungi and mycology. 

Length
One 55-minute class period K-5. Two 55-minute class periods, 6-12.

https://vimeo.com/537751963
https://fantasticfungieducation-wp.s3.amazonaws.com/wp-content/uploads/2021/04/15161546/m3l1williampadillabrownqanda.pdf
https://www.calacademy.org/educators/citizen-science-toolkit
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ACTIVITY

Opening

K-2 adaptation: Introducing the idea of citizen science with younger students is all about discovery, 
awe, and the wonder of science. It may be helpful to first tease out with younger students what it 
means to discover something in science through very accessible experiments.

Here are some questions to get students excited: 
• Raise your hand if your answer is Yes:

• Did you know that all scientists begin by asking questions?
• Did you know that you can help get these questions answered? 
• Did you know that anyone anywhere can participate in science?
• Did you know that there are many scientific questions that are still unanswered?

* Next, go directly to Step 3, “Meet William Padilla-Brown,” and only watch videos.

3-5 adaptation: Begin class by taking a poll to introduce the ethos of citizen science. Ask students 
with a show of hands, or if online, through a poll on Google Forms or other poll app, collect a 
baseline temperature or collection an overview of your students’ opinions about science and what 
they know about citizen science.23

Here are some sample statements to adapt: 
• Yes/No: I want to discover something someday.
• Yes/No: I have a lot of questions about science. 
• Yes/No: I know what a scientist does.
• Yes/No: I love being in nature. 
• Yes/No: I think it is important to contribute to something bigger than mysel 

* Next, go directly to Step 3, “Meet William Padilla-Brown.

6-12 Introduction to Citizen Science: Begin with this pre and post survey developed by Cal 
Science as a way to gauge and evaluate the citizen science lessons for Fantastic Fungi.24 

 
Share

Share this brief explanation of citizen science used in the Lesson Overview:

Citizen science is a global movement of public engagement and collaboration in scientific 
research to increase scientific knowledge. Formally trained scientists work together with 
individuals on science projects to make observations, collect data, and help answer some of our 
planet’s most pressing issues. 

https://www.calacademy.org/sites/default/files/assets/docs/pdf/citizen_science_attitude_survey_for_student_participants.pdf
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Citizen science projects emphasize engagement in the process of inquiry. Citizen scientists 
observe, question, plan, analyze, and communicate—and once they learn these foundational 
skills, they will carry them into future pursuits, scientific or otherwise. Citizen scientists often 
partner with trained scientists to achieve a common scientific goal, and trained scientists often 
rely on citizen scientists for observation, collection, and documentation of data and specimens.

Ask students if they have ever heard of or participated in a citizen science project. Share responses. 

Meet Citizen Scientist William Padilla-Brown

• Watch Fantastic Fungi: 21:02 - 23:28 
• If time permits, share this second video to learn more about his work. Mushroom Farming with 

William Padilla-Brown (runtime: 6:00 minutes)
• Read (with students 3-5, individually 6-12) Handout: Q & A with William Padilla-Brown. Have 

students underline the sentences that stand out and note any words or phrases they find 
confusing.

Discuss

• What was new or surprising about this citizen scientist?
• Were any words or ideas confusing? Do you need to clarify them?
• William Padilla-Brown is a self-taught mycologist and entrepreneur. What stands out to you 

most about his work and his success?
• One of William Padilla-Brown’s goals is to make mycology and mushroom cultivation more 

widely embraced and accessible. What did you hear or see in the video, or from the Q & A 
handout, that speaks to this goal?

https://vimeo.com/537751963
https://www.youtube.com/watch?v=Vvq_VMKgWS0
https://www.youtube.com/watch?v=Vvq_VMKgWS0
https://fantasticfungieducation-wp.s3.amazonaws.com/wp-content/uploads/2021/04/15161546/m3l1williampadillabrownqanda.pdf
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HANDOUT ONE 

Q & A WITH WILLIAM PADILLA-BROWN25

• Born: Harrisburg/Central Pennsylvania

• Interest in mycology started at 18

• Founder, MycoSymbiotics, a mushroom research and production business

• Certificate in permaculture, non-formal training (2015)

• Researches mushrooms to bring new systems and new ideas to to the forefront

• Founder of MycoFest (2015) to promote ecological literacy, keeping it affordable so his 

community can be involved

• First person to commercially cultivate Cordyceps militaris in the U.S., first in English-speaking 

world to publish work on how to cultivate this mushroom (2017)

Excerpted from Permaculture Podcast Interview with Scott Mann: “Mycology and 
Citizen Science with William Padilla-Brown”

Why mushrooms and citizen science?
I didn’t know what I wanted to do but I believed it was important to grow food, so I got to fungi through 
this foray into gardening. I noticed mushrooms in the garden and the natural systems on my first time hiking 
in the forest as a teen. I started to take permaculture classes and realized that no one had expertise in 
identifying or cultivating mushrooms…I built my own lab at home, got interested in microbiology, and DNA 
barcoding. I am completely self taught.

On the value of being a citizen scientist
I found that it is really important to (1) be able teach yourself how to do things and (2) execute the scientific 
method at home where you can research things outside of a university that has more structure which can 
be beneficial for [some] things. But the lack of structure and the lack of formal education allows more 
imagination and more creativity in the scientific process, which allows citizen scientists to uncover things 
that might have been overlooked, or might not have been looked at in an academic setting. I think it is 
really important to be practicing science at home to come to different conclusions that we would not have 
traditionally come to and provide that to the community and advance what everyone knows.

On finding new answers
I found quickly that as I was learning about all these different things that I was running to the end of what 
the internet had to offer me. I would research all these things and have questions and then not be able 
to find the answers on Google or Google Scholar or find anything online so at that point I started to say to 
myself, “All right, well maybe I need to start coming up with the answers myself.” So that started it for me. 
Now I have gone down this rabbit hole and have discovered these new things which expose me to new doors 
that need opening and explore what is behind them. I am constantly finding weird stuff in my lab or in the 
forest. 



53FANTASTIC FUNGI                                IN THE CLASSROOM

Power of citizen science
When you find unidentified species or unidentifiable species it’s really important to sequence the DNA to 
see if anybody else has sequenced it and put it online. If not, you have the opportunity to identify a new 
species—literally anyone can do this. I can train high schoolers to go out and do this and have young people 
finding and helping to catalog new species, not just mushrooms but other things. . . With those new species, 
if they haven’t been researched at all, there is the potential to find novel compounds in them that have 
medicinal benefits in them or novel capabilities that might be good for biotech or new architecture with 
textiles that people that are doing with fungi. It is a constant quest for knowledge.

Does gene sequencing take out the guesswork?
Absolutely 100% yes . . . I upload the DNA onto NCBI BLAST and it will say this specimen is x% matched. 
[NCBI BLAST stands for Basic Local Alignment Search Tool. The program finds regions of similarity between 
biological sequences and compares nucleotide or protein sequences to sequence databases and calculates 
the statistical significance.]26 What you want is 98-99% for a true species identification, but even a couple 
letters off could mean it is a new species or different species. We have a real-time tree of life. There’s lots 
of name changes with mushrooms because we are finding out that certain mushrooms are more related to 
something else than we thought they were. Which is really interesting. It takes a lot of the guesswork out 
and really clarifies things for us as far as evolutionary history and relatedness.

How do you do this work at home? 
I bought a kit, a mini-PCR [polymerase chain reaction machine] which is what you need for doing molecular 
biology to extract DNA. Classrooms are equipped with these now. The PCR used to be like a big machine, 
now it’s really small like a jewelry box and you can do [DNA sequencing] out in the open. Now I am doing 
field molecular biology, which is rather new. I can do sequencing anywhere. I will be able to travel and get 
full or partial sequences in my car or in a tent or in a hotel room, and all of it is really affordable.

Mycro-literacy, Mycology, and Access  
There are a lot of people who set the groundwork for us to even be doing this stuff at home. . . Initially it 
came from more of an academic place that isn’t digestible to the general population, who don’t have that 
kind of jargon down, and don’t know the technical terms. Now we have people like myself that come from 
a background of not completing high school traditionally, that are able to communicate these ideas in a 
language that is more digestible to the general population. This is really important and really critical in a 
way that mycology, as a citizen science, is growing fast. I am hoping that in the way that mycology has been 
grasped by the general population, other sciences might be able reach that level too. But, I do think that 
mushrooms are unique in the way they build community.
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“When we see it, we understand it,

When we understand it, we care about it

When we care about it, we’ll do something to save it.”

— Suzanne Simard, Fantastic Fungi 

“One of the things I learned that I didn’t really expect is that 

the mycelia network is a network that connects plants and 

trees to one another to build community; communities that are 

shared economies not based on greed, but where everybody 

can flourish. We need to take that model from under the ground 

to above the ground because that could be a perfect model for 

how we can live our lives.”

— Louie Schwartzberg, Director, Fantastic Fungi
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LESSON 2:
Fostering Community—Participating in Citizen Science

Overview:

In this lesson students will connect citizen science to the ideas and practices of community, 
empathy, cooperation, and generosity. Students will explore these ideas through envisioning 
their own citizen science project, individually or collectively, as a class effort. If time permits 
and commitment is established, students and/or the class may want to embark on an original 
citizen science project. Resources and suggestions are included as an extension but are not 
within the scope of Lesson Two.
 

Essential Questions

• How are science and community connected?
• What is my responsibility to the natural world?
• What role can citizen science play in taking care of the natural world? 

 

Materials

1. Equipment to watch film segment from Fantastic Fungi.
2. Film clip from Fantastic Fungi (educational version): 44:11-47:42 
3. Handout One: “Mushrooms to the People,” William Padilla-Brown
4. Handout Two: Citizen Science Achievements from Around the Globe
5. Access to these citizen science websites: SciStarter, iNaturalist, Zooniverse and North 

American MycoFlora Project (now called the Fungal Diversity Survey) 
 

Length
One 55-minute class period.

https://vimeo.com/537756897
https://fantasticfungieducation-wp.s3.amazonaws.com/wp-content/uploads/2021/04/15161549/m3l2handoutone.pdf
https://fantasticfungieducation-wp.s3.amazonaws.com/wp-content/uploads/2021/04/15161552/m3l2handouttwo.pdf
https://scistarter.org
https://www.inaturalist.org
https://www.zooniverse.org
https://fundis.org
https://fundis.org
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ACTIVITY

Opening

Watch Film Clip
Begin the lesson with watching this film segment from Fantastic Fungi clip: 44:11-47:42

Connecting Science, Community, and Fungi 
Ask students for their general observations and thoughts about the film segment before discussing 
several of the key ideas raised: 

Peter McCoy, the founder of Radical Mycology a grassroots movement and social philosophy 
based on accessibly teaching the importance of working and being in relationship with 
mushrooms and other fungi for personal, societal, and ecological health, said “Anybody can add 
to the science.” 

• Do you agree with Peter? Why or why not? What do you think he means by “adding to the 
science?’

Paul Stamets shared, “A core concept of evolution is that through natural selection the 
strongest and the fittest survive, but moreover communities survive better than individuals. 
Communities rely upon cooperation and I think that is the power of goodness. Evolution is 
based on the concept of mutual benefit and the extension of generosity.” 
• In your own words, explain the last sentence of this quote. What does mutual benefit mean 

in the context of the natural world? What does the extension of generosity have to do with 
evolution?

Trad Cotter said, “We need these mushrooms. We work together as a community to solve 
problems. We could be the community that heals the planet.” 
• How do you understand the connections between mushrooms, working together as a 

community, and healing the planet?

Suzanne Simard believes, “We have always thought of plants as these inert objects that don’t 
interact with each other and build things … they need each other, they need each other to grow 
in a community and to share the load. ‘You do that and I’ll do this and together we can build a 
resilient community.’. . We just have to get busy and let nature do its thing.” 
• How does Suzanne Simard’s reflection change your idea about nature, about plants, and 

about mushrooms and fungi?

The Mycology Community
Transition from the film to distributing Handout One: “Mushrooms to the People” by William Padilla-
Brown from the book Fantastic Fungi. 

• After reading the article, how does William Padilla-Brown connect fungi, science, and 
community? 

• How does he see his work benefiting his community?

https://vimeo.com/537756897
https://fantasticfungieducation-wp.s3.amazonaws.com/wp-content/uploads/2021/04/15161549/m3l2handoutone.pdf
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Barometer Activity
Set-up: Post four pieces of paper around the room in this order: Strongly Agree, Agree, Disagree, and 
Strongly Disagree. 

One at a time, share the Citizen Science Value statements from Cal Academy of Science—Citizen 
Science Toolkit, p. 5-6.

Directions:
• Step 1: Read aloud one statement. Instruct students to stand in front of the sign that best 

reflects their current belief about the statement.
• Step 2: After students have chosen their position, ask each group to share the reasons for their 

selection with each other. 
• Step 3: Ask one student per position to share a summary of their group’s discussion. Step 4: 

After all statements have been shared, students can decide to change positions if they have 
been persuaded by a peer’s position.

Debrief with the class: 
• What process did you go through to decide where to stand?
• Which value statement was the most difficult to decide? Why?
• After hearing the groups share their positions, were you persuaded to change your mind?

Barometer Statements:
• Anyone, anywhere can be a scientist.
• There are unanswered questions remaining in science.
• Science serves society. Society needs a scientifically literate populace.
• Curiosity and fun drive scientific research.

Share Handout—Citizen Science Achievements from Around the Globe
Assign one student at a time to read a project to the class. After reading through the projects, ask 
students to rank 1-3 which citizen project they would most like to be involved in. Go through each 
project and see which are the most popular.

Closing

To end this module have each student:
1. Focus on their #1 choice and come up with three questions they would most want to explore 

and collect data on in relation to this citizen science project. 
2. If they were to design their own citizen science project, what would be their project’s goals? 

https://www.calacademy.org/educators/citizen-science-toolkit
https://www.calacademy.org/educators/citizen-science-toolkit
https://fantasticfungieducation-wp.s3.amazonaws.com/wp-content/uploads/2021/04/15161552/m3l2handouttwo.pdf
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LONGER TERM EXTENDED LEARNING

Planning a Citizen Science Project

6-12 Grade Level
A natural extension of this introduction to citizen science and citizen mycology is to plan and engage 
the class in their own citizen science project. This is a more extensive commitment but one that 
yields tremendous learning opportunities. 

One of the core values of citizen science, particularly in a classroom setting, is the commitment to 
the intrinsic sense of curiosity that fuels student engagement. If possible, decide as a class how you 
want to engage. 

It may be helpful to have students begin collecting ideas and questions to investigate in pairs/small 
groups first and then share with the larger class. 

You can also have students spend some time exploring several websites dedicated to citizen science 
projects to see examples or possible projects to join. If computer access is not available for all 
students, it may be helpful to project the sites so the class has an opportunity to explore and discuss 
options: SciStarter, iNaturalist, Zooniverse and Fungal Diversity Survey. 

Remind students that their project needs to include these steps:
• Observation
• Questioning
• Planning 
• Analyzing 
• Communicating

The Cal Academy of Science—Citizen Science Toolkit offers a well organized set of resources to use 
as you plan out the steps for students. These are teacher facing but the planning and organizing 
handouts can be easily adapted for your students if this is the route you choose.

NGSS Standards—Module Three (Excerpted from The Cal Academy of Science--Citizen Science 
Toolkit.) Citizen science projects fulfill the scientific inquiry process and support the Next Generation 
Science Standards (NGSS)’s Scientific Practices and Crosscutting Concepts, as well as some Common 
Core State Standards (CCSS). 

Crosscutting Concept: A Framework for K-12 Science Education (NGSS Appendix G) 

https://scistarter.org
https://www.inaturalist.org
https://www.zooniverse.org
https://fundis.org
https://www.calacademy.org/sites/default/files/assets/docs/pdf/cascitizensciencetoolkit_jd_edits_2019_03_v3.pdf
https://www.calacademy.org/sites/default/files/assets/docs/pdf/cascitizensciencetoolkit_jd_edits_2019_03_v3.pdf
https://www.calacademy.org/sites/default/files/assets/docs/pdf/cascitizensciencetoolkit_jd_edits_2019_03_v3.pdf
https://www.nextgenscience.org/sites/default/files/Appendix%20G%20-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
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Examples of Citizen Science

Project Patterns

“Observed patterns of forms and events guide organization and classification, and they 
prompt questions about relationships and the factors that influence them.”  

In projects where students are making and submitting regular observations using a set protocols, 
there are opportunities to identify patterns across observations, and begin to consider factors that 
might influence these patterns. 

Cause and Effect —Mechanism and Explanation

“Events have causes, sometimes simple, sometimes multifaceted. A major activity of science 
is investigating and explaining causal relationships and the mechanisms by which they are 
mediated. Such mechanisms can then be tested across given context and used to predict and 
explain events in new contexts.” 

For example, Arthropods in Your Schoolyard on iNaturalist focuses on gathering observations 
of arthropods in a variety of habitats. As students collect a larger number and wider variety of 
observations, they might begin to be able to predict the type of organisms they will find in a certain 
location, based on various environmental conditions (e.g. temperature, moisture, light). This type 
of prediction makes way for exploration into what arthropods need to survive in general, and how 
and why that might vary from species to species in scale, proportion, and quantity. “In considering 
phenomena, it is critical to recognize what is relevant at different measures of size, time, and 
energy and to recognize how changes in scale, proportion, or quantity affect a system’s structure or 
performance.

Exploring Organizations for Citizen Mycologists

Citizen Science/Mycology
• Fungal Diversity Survey is a collaborative project between Mycological Society of america (MSA), 

North American Mycological Association (NAMA), and many other individuals and clubs whose 
goal is to document the entire diversity of macrofungi of North America. 

• iNaturalist: This is a citizen science platform where one can upload pictures of observations (of 
fungi or any other organisms) and people across the world work together to identify your find if 
it is not in the database.

• Mushroom Observer: Like iNaturalist, this is a platform to upload photos of observations, but 
is dedicated to fungi. There is a very active community of mycologists who work together to 
identify your observations. This platform is a great learning tool for mushroom identification.

• MyCoPortal: MyCoPortal is centralized collection where users can explore fungal collections 
from all the different herbaria in the United States including an awesome map feature that 
shows where a given species has been collected in the United States and where that collection 
is now deposited.

• 

• 

https://fundis.org
https://www.inaturalist.org
http://mushroomobserver.org
https://mycoportal.org/portal/index.php
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Fungal Taxonomy
• MycoBank: See the currently accepted name and taxonomic history of any fungal species.
• Index Fungorum: This site, like MycoBank, shows the currently accepted name for any given 

species. 
 

Key Mycology Organizations
• North American Mycological Association (NAMA): An organization of professional and amateur 

mycologists across the continent.
• Mycological Society of America (MSA): The professional mycological society of the United 

States. 
 
 
More Resources from William Padilla-Brown
He is prolific, so all these sites continue to evolve. These resources speak specifically to his citizen 
scientist work.

• Many videos on his YouTube channel: Apex Grower
• His website and work: MycoSymbiotics
• Podcasts (one of many): William Padilla-Brown—The Self Taught Scientist
• Follow along on Instagram & TikTok: @Mycosymbiote

“I am just a Nerd-citizen scientist.” 

— William Padilla-Brown

https://www.mycobank.org/defaultinfo.aspx?Page=Home&Page=Home
http://www.indexfungorum.org/names/names.asp
https://namyco.org
http://msafungi.org
https://www.youtube.com/user/ApexGrower/videos
https://www.mycosymbiotics.net
https://www.iheart.com/podcast/256-a-regenerative-future-with-31020737/episode/episode-50-william-padilla-brown-the-39987005/
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HANDOUT ONE 

“MUSHROOMS TO THE PEOPLE,” WILLIAM PADILLA-BROWN

WILLIAM PADILLA-BROWN is a social entrepreneur, citizen scientist, mycologist, amateur phycologist, urban shaman, poet, father, 
and founder of MycoSymbiotics LLC, a mycological research and mushroom-production business based in New Cumberland, 
Pennsylvania. 

It’s never too late to follow your dreams. My own journey toward becoming a mycologist and community 
organizer had its ups and downs, but I wouldn’t trade it for the world. I dropped out of high school 
when I was sixteen because it was interfering with my education. I realized at a young age that a lot of 
people weren’t learning what they really needed in order to live a successful life, so I started to seek 
an alternative lifestyle. Mushrooms and permaculture design science became the key to unlocking that 
potential for me.

I started by doing a lot of internet research and attending workshops and ultimately developing a 
nontraditional, independent education system for myself. I met a lot of gardeners and permaculture 
scientists in my area, and as I got more involved with them, I realized that most knew little about 
mushrooms, and yet every single one had mushrooms in their garden. So I researched some more and 
discovered that no one in a hundred-mile radius of where I lived had information on mushrooms or was 
teaching anybody about them.

Now I’m a mycologist, a mushroom farmer, a certified permaculture designer, and an educator. I focus 
a lot of my time on understanding patterns and then designing techniques to bring that knowledge into 
urban settings. I focus on teaching people in inner cities how they can use this information and these 
sciences to alleviate economic stress and build a better life for themselves. I go to farmers markets 
and work with children to increase their ecological literacy. I’m basically exposing these people to new 
realities, showing them that there are other ways to live that won’t get them arrested. I see a lot of 
people who don’t know where their food comes from, who don’t know how they’re connected to their 
community, who don’t know how they’re connected to the environment. In the inner city, most folks 
haven’t had the opportunity to walk out in nature, and those that have often haven’t had the education to 
understand what it is they’re experiencing.

I also see a lot of food deserts in urbanized areas where there aren’t a lot of grocery stores, and when 
there are stores, you see mostly packaged and processed foods—certainly not a lot of fresh food. Local 
folks have no relationship with the food they eat. So if I can show them real food, especially food that’s 
grown right there in their community, they start to get it, they start to understand the holistic world they 
live in. Seeing healthy, nutritious food right in front of them—especially mushrooms, because they are 
so nutrient-dense—and knowing where that food comes from, that is the way to open people up to new 
possibilities that will have a very real and positive impact on their lives.

I implement a lot of my work through MycoSymbiotics, a mycological research and production business I 
started in 2015. We don’t have a website per se, but we do have a comprehensive blog, podcasts, and a 
robust social media presence. Our home base in Lemoyne, Pennsylvania, just outside of Harrisburg, has a 
laboratory and a mushroom farm that we utilize for educational purposes. People can tour our facilities
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and get hands-on with the science there, but I also take everything on the road. A lot of people can’t 
afford to get out of the city on a regular basis, so I teach at schools and various events to bring this 
information to places that otherwise would never get it. I’ll also go to urban farms and inner-city 
permaculture farms like Baltimore’s Charm City, where I teach or plant mushrooms and learn what others 
are doing. 

I first started growing mushrooms in a closet, then expanded into my home, and became very passionate 
about cultivating gourmet and medicinal mushrooms in small spaces. And so my approach to mushroom 
farming is different from conventional methods that use multi-million-dollar laboratories and farming 
operations. I focus on developing low-tech techniques that anyone can apply. I know of other mycologists 
who are experimenting with similar techniques, and we share our knowledge and experience. Bringing 
this work and these mushrooms to more people reflects the spirit of what we’re all doing. These new 
techniques utilize agricultural wastes and urban wastes like coffee grounds and cardboard to create low-
cost environments for cultivating mushrooms. Mushroom “farms” can then be built in barns and sheds 
and basements, all places that are easily accessible to most people. For a little bit of money you can get a 
very big yield.

I also have a strong interest in mycomedicinal mushrooms. Both of my grandparents on my mother’s side 
passed away from cancer; they were taking all sorts of pills and living very uncomfortably by the end of 
their lives. If only they’d known about some of these immunomodulators, like the reishi mushroom. I’m 
especially interested in the cordyceps fungi, specifically Cordyceps militaris, which is another powerful 
immune system booster. People from all over the world send me specimens. I’m looking to create resilient 
commercial strains for an emerging microculture of cordyceps farmers. This sort of farming is very new to 
the United States. People have been farming cordyceps mycelium for medicinal products for some time, 
but the farming of the actual cordyceps fruit body was initiated by myself over the past two years. My goal 
is to increase its production and get it out to the masses.

In addition to that, I’m always seeking gourmet and medicinal cultures everywhere I go. If I find a fungal 
specimen that’s doing something interesting, maybe growing in an odd location or playing some kind of 
mycoremediation role, breaking down something funky, I bring it back to the lab and study it. I share the 
information with my friends in this wonderful mycelial network that I’ve become a part of to see what they 
can figure out. Our objective is to identify different genetic barcodes and see if maybe we’ve found a new 
species or something to add to the developing phylogenic tree. I believe that DNA analysis will just keep 
getting bigger as an analytical tool.

Follow Your Bliss
Many people around me thought mushrooms were weird, but that’s where my passion went, and I followed 
it. The journey has been incredible and fulfilling. I feel like I’m really helping people in my community, 
feeding them and providing medicines that might heal them. My experience has taught me how important 
it is for individuals to follow the things they’re interested in, regardless of what others say, especially when 
it’s something that is ethical and ecological and that can help us all live more holistically on the planet. 
Do what you love, give it your best, and share it. The people who will support you may not be in your 
immediate community, but they’re out there.
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HANDOUT TWO 

CITIZEN SCIENCE ACHIEVEMENTS FROM AROUND THE GLOBE

Canadian scientist Fred Urquhart’s 40-year search for the wintering grounds of millions of 
Monarch butterflies included data from thousands of citizen scientists across North America who tagged 
and tracked the insects during their fall migration. (This work continues today through Monarch Watch.) In 
fact, it was a pair of citizen scientists Cathy and Ken Brugger, working with Urquhart in Mexico City who first 
discovered the monarch’s haven on a remote Neovolcanic Plateau 3048 meters (10,000 feet) above sea level 
and  240 km (149 miles) from Mexico City. In 2008, the United Nations Educational, Scientific and Cultural 
Organization (UNESCO) declared this monarch butterfly sanctuary a World Heritage Site.27

Einstein@Home: Three citizen scientists—an American couple and a German—discovered a new radio pulsar 
in data gathered by the Arecibo Observatory. This is the first deep-space discovery by Einstein@Home, 
which uses donated time from the home and office computers of 250,000 volunteers from 192 different 
countries. This is the first genuine astronomical discovery of a computing project collected and distributed 
by public volunteers.28 

Myco-remediation (using mushrooms to help clean up lands and waters polluted by oil spills. See Module 5, 
Lesson One.) Paul Stamets has used mushrooms in many ways including myco-remediation techniques.  To 
learn more see Myco-remediation and oil spills “The Petroleum Problem”.29

ZomBee Watch is a citizen science project tracking the honeybee parasite Apocephalus borealis, the 
Zombie Fly, which is parasitizing honeybees in California and possibly other areas of North America. Citizen 
scientists watch for strangely behaving “zombie bees.” Watch this introductory video to see how this project 
is working.30

The Lost Ladybug Project: The nine-spotted ladybug (Coccinella novemnotata), the state insect of New York, 
had not been seen since 1982. The species was thought to be extinct until a citizen scientist participating in 
the Lost Ladybug Project rediscovered it in 2011 on a sunflower at an organic farm on Long Island, NY.31 

Foldit: Scientists had been struggling to model an enzyme critical to AIDS research for 10 years. Once they 
brought their problem to the online protein-folding game community Foldit, players found the solution in 
only three weeks. See the story in Scientific American to learn more.32

Digital Fishers invites citizen scientists to help classify organisms seen in videos taken of the seafloor off 
Vancouver Island. A teenager in Ukraine was watching a clip of a hagfish swimming along, when a whiskery 
nosed animal suddenly came into frame and  slurped the fish up. His curiosity piqued, the student 
contacted researchers to ask what he had seen. It turned out to be an elephant seal, and scientists had 
never before known that they dive so deep or that they eat hagfish!33

Intertidal Biodiversity Survey at Pillar Point documents the biodiversity of Pillar Point Reef, south of San 
Francisco, through large-scale bio blitzes, or an intense period of biological surveying in an attempt to 
record all the living species within a designated area. Their citizen science project monitors a suite of 
species—both invertebrates and algae—in six permanent plots on the reef and occasionally do all-reef 
surveys for sea stars, to monitor how Pillar Point stars are doing in light of the sea star wasting disease. “All 
information is important!,” they say.34

iNaturalist: A very robust online community to log your citizen science work. iNaturalist is one of the world’s 
most popular nature apps, and the Seek app for youth, helps you identify the plants and animals around 
you. Over a million scientists and naturalists are part of the community and they create research-quality 
data for scientists working to better understand and protect nature. iNaturalist is a joint initiative by the 
California Academy of Sciences and the National Geographic Society.35

http://Monarch Watch
https://einsteinathome.org
https://fungi.com/blogs/articles/the-petroleum-problem
https://www.google.com/search?client=safari&rls=en&ei=8qq0X8K1M8r9-gTfwYSAAw&q=zombee+watch&oq=zombee+watch&gs_lcp=CgZwc3ktYWIQAzICCAA6BAgAEEdQoD9YoD9gjEFoAHABeACAAU2IAU2SAQExmAEAoAEBqgEHZ3dzLXdpesgBCMABAQ&sclient=psy-ab&ved=0ahUKEwjC9t-rqIvtAhXKvp4KHd8gATAQ4dUDCAw&uact=5
https://www.youtube.com/watch?v=iin3_-WiOHY&feature=emb_logo
http://www.lostladybug.org
https://fold.it
https://www.scientificamerican.com/article/foldit-gamers-solve-riddle/
https://scistarter.org/digital-fishers
https://www.inaturalist.org/projects/intertidal-biodiversity-survey-at-pillar-point?tab=about
https://www.inaturalist.org
https://www.inaturalist.org/pages/seek_app
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STANDARDS

K-2 NGSS Alignment

From Molecules to Organisms: Structures and Processes 

K-LS1-1: Use observations to describe patterns of what plants and animals (including humans) need to survive.

Earth’s System 

2-ESS2-1 : Compare multiple solutions designed to slow or prevent wind or water from changing the shape of the land.

Earth and Human Activity 

K-ESS3-3: Communicate solutions that will reduce the impact of humans on the land, water, air, and/or other living 

things in the local environment.*

Engineering Design 

K-2-ETS1-1: Ask questions, make observations, and gather information about a situation people want to change to 

define a simple problem that can be solved through the development of a new or improved object or tool.

3-5 NGSS Alignment

Engineering Design 

3-5-ETS1-1: Define a simple design problem reflecting a need or a want that includes specified criteria for success and 

constraints on materials, time, or cost.

3-5-ETS1-2: Generate and compare multiple possible solutions to a problem based on how well each is likely to meet 

the criteria and constraints of the problem.

3-5-ETS1-3: Plan and carry out fair tests in which variables are controlled and failure points are considered to identify 

aspects of a model or prototype that can be improved.

Earth and Human Activity 

3-ESS3-1: Make a claim about the merit of a design solution that reduces the impacts of a weather-related hazard.*

4-ESS3-2: Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans.*

5-ESS3-1: Obtain and combine information about ways individual communities use science ideas to protect the Earth’s 

resources and environment.

Biological Evolution: Unity and Diversity 

3-LS4-4: Make a claim about the merit of a solution to a problem caused when the environment changes 

and the types of plants and animals that live there may change.*

6-8 NGSS Alignment

Engineering Design 

MS-ETS1-2: Evaluate competing design solutions using a systematic process to determine how well they meet the 

criteria and constraints of the problem

MS-ETS1-3: Analyze data from tests to determine similarities and differences among several design solutions to 

identify the best characteristics of each that can be combined into a new solution to better meet the criteria for 

success.

MS-ETS1-4: Develop a model to generate data for iterative testing and modification of a proposed object, tool, or 

process such that an optimal design can be achieved.
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Earth and Human Activity 

MS-ESS3-3: Apply scientific principles to design a method for monitoring and minimizing a human impact on the 

environment.*

9-12 NGSS Alignment

Earth and Human Activity 

HS-ESS3-2: Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources 

based on cost-benefit ratios.*

HS-ESS3-4: Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.*

HS-ESS3-6: Use a computational representation to illustrate the relationships among Earth systems and how those 

relationships are being modified due to human activity.

Ecosystems: Interactions, Energy, and Dynamics 

HS-LS2-7: Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and 

biodiversity.*

Biological Evolution: Unity and Diversity

HS-LS2-6: Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on 

biodiversity.*

Engineering Design

HS-ETS1-1: Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for 

solutions that account for societal needs and wants.

HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into smaller, more manageable 

problems that can be solved through engineering.

HS-ETS1-3: Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that 

account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, 

and environmental impacts.



66FANTASTIC FUNGI                                IN THE CLASSROOM

“There is an intrinsic relationship between science 

and art, and both foster an incredible sense of 

wonder.”36

— Louie Schwartzberg


