
Lesson: Life in a Drop of Water
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From microscopy to 
Anthropocene extinction
Placing biodiversity conservation at the center of biology education and the NGSS

Dr Joel Cohen’s (Visiting Scholar at the Nicholas School for the 
Environment at Duke University, North Carolina, USA) career in life science 
education builds on prior research, international agricultural service, and 
more recently, maintaining a biodiverse planet. This last passion brought 
him to his current position. His ongoing commitment is to the education of 
biologists and citizens on biodiversity-related topics from the microscopic 
to Anthropocene extinctions. He advocates for a sense of purpose in 
science, agreeing with E.O. Wilson that students are often “presented with 
an intellectual triathlon in order to go into science”, rather than education 
providing opportunities to follow their passions. And finally, Dr Cohen 
models “sense of purpose” by commemorating notable scientists. 

project also challenges them to consider 
the big picture (complex organism and 
environment interactions) and engages 
students in a way that could encourage 
future scientific careers.

ENCOURAGE RESPECT FOR THE 
NATURAL WORLD: BIODIVERSITY
The “Anthropocene” 
epoch is defined as 
the time from when 
humans began to have 
a significant impact 
on Earth’s geography 
and ecosystems, and 
one of the largest of those impacts is 
the ongoing Anthropocene extinction 
event. There are many growing projects 
creating data on this event; many 
propose strategies for conservation and 
preservation of endangered species. 

In his second paper, Dr Cohen suggests 
that from an educator’s perspective, this 
might be too much information. Human 
impact on the environment is a very 
complex topic which needs to consider 

evolution, politics and biodiversity 
measurement, and teachers may struggle 
to sort through these interrelated topics. 

Dr Cohen suggests a simplified exercise 
to increase students’ awareness of 
Anthropocene extinctions. The lesson uses 
the Anthropocene Species Event Indicator 

(ASEI) and focuses on animal species as 
this is likely to hold students’ interest. 
Students populate a database with 
information regarding selected species 
– in particular, the date the species was 
first described (D), the date the decline of 
the species was first noticed (C), and the 
date the species was declared extinct or 
as having recovered (E or R). ASEI intervals 
are the time (in years) between D and C, 
and between C and E/R. The ASEI value 
is created by dividing these two intervals. 

If the value is high it means there is a large 
difference between the intervals, but if 
the value is low this suggests that the 
time to recognise the declining species 
is low. The aim is to compare if, once a 
species decline is noted, intervention 
is able to lead to the species’ recovery, 
and to encourage students to do their 

own investigation into 
the history of the given 
species. 

This is a deliberately 
simplified activity aimed 
at the NGSS standard 

“What is biodiversity, how do humans 
affect it, and how does it affect humans?”

EMULATE THE COURAGE OF 
NOTABLE INDIVIDUALS: NIKOLAI 
IVANOVICH VAVILOV
Nikolai Vavilov (1887–1943) was a Russian 
crop scientist appointed as Director of the 
Lenin All-Union Academy of Agricultural 
Science during Lenin’s rule. Vavilov was 
a proponent of Mendelian genetics, and 
during his career he conceived major 

It is an educator’s responsibility to 
encourage consideration of human impact 

on the environment and global biodiversity.

Dr Cohen’s lesson plan on applications of microscopy.

Joel CohenBiology︱

In an effort to improve the quality of 
science education in schools, many 
US states have adopted the Next 

Generation Science Standards (NGSS). 
These standards provide a framework 
for what students should know and 
understand about each topic, but the 
NGSS also aim to encourage and inspire 
future scientists. This means there is a 
push for teachers to meet the demands of 
the curriculum and to encourage critical 
thinking and consideration of real-world 
applications. Hence, there will always be 
a demand for novel approaches that both 
educate and engage students during 
class time – covering key components of 

the NGSS while also helping 
students develop interests 

and understanding that 
could drive their future 

scientific careers.

Dr Joel Cohen is a Visiting Scholar at the 
Nicholas School for the Environment at 
Duke University (North Carolina, USA), 
a science teacher with Montgomery 
County Public Schools (Maryland, USA), 
and a teacher of microscopy for the 
Johns Hopkins Centre for Talented Youth 
(Maryland, USA). 

This article provides summaries of two of 
Dr Cohen’s publications which address 
the need for novel teaching techniques 
to convey complex information. Finally, 
this article summarises Dr Cohen’s 
paper describing the challenges faced 
during the career of Nikolai Vavilov, as 
a means to encourage students to learn 
from and commemorate the scientists 
who came before us.

INSTIL CURIOSITY AND 
EXPLORATION: APPLICATIONS 
OF MICROSCOPY
In a paper published in 2020, Dr Cohen 
suggests that a microscopy project he 
teaches for the John Hopkins Centre for 
Talented Youth (CTY) could be applied 
in secondary school biology courses. He 
believes that while the current approaches 
in schools do give students some practical 
skills, they don’t consider the various 
uses of microscopes, challenge 
students, or encourage interest in 
future careers involving microscopy. 
Therefore, a course such as the one 

used by CTY, which covers a broad 
range of key points from cell structure 
through microorganism identification to 
interactions between organisms and their 
environment, would be in-line with the 
aims of the NGSS. 

The project begins with a short exercise 
to establish ideas of the size and scales 
involved before students are taught how 
a microscope functions and how to use 
it. Then, students are ready to study 
living microorganisms from each of the 
six kingdoms of life (Archaebacteria, 
Eubacteria, Protista, Fungi, Plantae and 
Animalia). This project requires a model 
of a freshwater pond, created by adding 
Carolina® pond mix to spring water in 
an aquarium. After a short wait for the 
“pond” to mature, it can be divided into 
“mini-ponds” in glass specimen jars, 
which the students then use to study the 
microorganisms present. The project 
ends with a group activity where the 
students choose a microorganism to 
investigate, and present to the class what 
they have learned about the organism’s 
interactions with the pond environment 
and other organisms, the effect of 
pollution, and how the microorganism’s 
structure helps it survive. 

By the end of the three-week CTY course, 
the students have developed confidence 
in several new skills. They prepare slides 
from aqueous material using pipettes, 
clear debris to view the specimens of 
interest, and identify the microorganisms 
that they find. Students also use digital 
microscopes to take photos or videos of 
the microorganisms, estimate their length 
or width, and study their movement 
and development. Pre- and post-course 

testing over 7 years found an average 
increase of 28% in test 

scores. However, Dr 
Cohen believes 

that this 

Student 
photograph 
of microscopic 
organism, 
Stentor. 
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Personal Response
What drives your enthusiasm for education, especially 
environmental studies? 

 I would agree with another one of E.O. Wilson’s ideas, 
that we are entering a time when environmental science and 
related studies will be crucial to our wellbeing. To further this, as 
Wilson says, it will be a time when “we want to take care of the 
environment around us, treat the Earth the way we would a person 
and keep it healthy.” To accomplish this, I would shift to a far 
greater emphasis on biodiversity instruction.

How does one maintain an enthusiasm for teaching?

There are three factors here: first comes preparing the students 
to achieve, which means seeing them go beyond their previous 
personal best; second would be maintaining a love of topic; 
and third, having a reliable space of one’s own for preparing 
lessons and discussions or reviews with students. With these 
things in place, students feel at ease because the teacher is at 
ease, and thus open up about the course and lessons.

What fascinates you about Nikolai Vavilov?

Besides the challenges of a nation’s food production and food 
security, is the political control over food availability. In times 
of shortage, distribution of food stuffs can be manipulated 
such that the political elite eat, while those not in favour starve. 
Thus, though not as visible during times of food abundance, 
the long arm of politics is never too far from those producing 
the country’s food. To ensure best chances for quantities 
and nutrition, Vavilov advocated for a strong, science-based 
research system, primarily removed from political interference. 

Motto to live and work by: 
“The way to right wrongs is to turn the light of truth on them.”   
– Ida B. Wells, Civil Rights Activist   
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Dr Cohen pursues independent research with 
educational applications to: encourage respect for the 
natural world among the next generation of scientists, 
instil curiosity and exploration, and emulate the courage 
of notable individuals.

Dr Joel Cohen

The life and death of Nikolai Vavilov.

attempt to explain his work to Stalin, 
but Stalin staunchly supported 
Lysenko’s theories, eventually having 
Vavilov imprisoned and replacing him 
with Lysenko. 

Vavilov died in prison and was widely 
discredited and struck from Soviet 
records after his death, until 1955 
when Nikita Khrushchev authorised 
Vavilov’s rehabilitation. Since then, the 
importance of having credible scientific 
input into governance is widely 
recognised.

Dr Cohen’s recent work on the life of 
Vavilov was also presented in a podcast, 
which can be found here: https://
fieldlabearth.libsyn.com/nikolai-vavilov-
with-dr-joel-cohen

The second challenge was obtaining 
resources to support Vavilov’s work. 
Under Stalin’s rule, Vavilov struggled 
to get funding for the staffing or travel 
required to improve and maintain his 
genebank, largely due to Stalin’s criticism. 

The third challenge was that the 
“dwarfing” of wheat crops to increase 
yield wasn’t identified until the 1950s – 
too late to help Vavilov. 

The final challenge was that Vavilov 
had a comparatively short term as 
Director, and that he had to start 
from scratch. He had to commandeer 
scientific equipment – modernising 
each research institution personally 
– before he could begin his selective 
breeding programs. Vavilov did 

advancements in botany, specifically 
crops. However, things changed for 
Vavilov in 1924, when Stalin came to 
power. In a 2021 paper, Dr Cohen 
discussed the four major challenges faced 
by Vavilov during Stalin’s rule.

Vavilov was under pressure to produce 
results quickly – but there is no shortcut 
when improving crops with selective 
breeding. Stalin had pushed the 
collectivisation of farms to pay for 
rapid industrialisation, but this led to 
widespread famine. He used Vavilov as a 
scapegoat, accusing him of sabotaging 
Russia’s agriculture, and favoured Trofim 
Lysenko’s plans for improving crops. 
Lysenko advocated for “vernalisation” 
– a process of using cold shock on 
germinating seed to increase yield. 

Dr Joel I. Cohen
Visiting Scholar, Nicholas School of the Environment
Duke University, Durham
North Carolina
USA

Bio 
All of Dr Joel Cohen’s research, educational work and 
outreach had its origin in his two-year Peace Corps 
service in Nepal, where he worked with small holder 
farmers in the foothills of the Himalayas. This interest 
led to an agricultural degree in genetics and to his 
international work assisting national programs in 
developing countries facing challenges in agricultural 
research and related environmental practices. 

Presently, he conducts research as a Visiting Scholar 
with Dr Stuart Pimm of the Nicholas School for the 
Environment, Duke University. He is studying the 
capacity for the Chesapeake and Ohio Canal National 
Historical Park to become a “conservation corridor” 
capable of conserving species. Simultaneously, he 
is enrolled in Nicholas School for the Environment’s 
Certification for Environmental Communication.

More information on the Chesapeake and Ohio Canal 
National Historical Park project can be found here: https://
www.nationalparkstraveler.org/2021/02/capitals-corridor-
chesapeake-and-ohio-canal-national-historical-park 

Dr Cohen is presently working on his forthcoming book, 
An Alphabetized Guide to the Chesapeake and Ohio 
Canal National Historical Park. 
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Compounding effects of diminished time, given political and personal events, in the life of Nikolai Vavilov
Political Event Year Personal  Event Location Contacts/Notes

1887 Birth Duma, outside Moscow Younger brother, sister

1911-12 Internship with Regel St. Petersburg Robert Regel

1912-14 Study abroad Britain: John Innes Institute Cambridge, 
Merton William Bateson R.D.Biffen

World War I 1914-18

1916 First expeditions Iran, Pamirs For Imperial Army

1917-20 Department of Agriculture Saratov University of Saratov

Bolsheviks seize power 1918 Russian Civil War Begins

1920 Author seminal publication Saratov Law of Homologous Series 
in Variation

Lenin in power 1921-40 Director, VIR and later, VASKhNIL creater Help of Lenin

1921 First visit to the USA USDA

Lenin dies; Stalin in 1924 Reorganized university into All Union Institute 
of Applied Botany and New Cultures Help of Lenin

Stalin in power 1927 Author seminal publication Lenin Prize Studies on the Origins of 
Cultivated Plants

1929 Elected member of USSR Academy of 
Selences

Stalin praises Lysenko 1935  Lysenkoism becomes 
official biology in 1948

WW II 1939 Elected President of 7th International 
Congress of Genetics

1940 WorId's first real seedbank is 
operational Leningrad, VIR Vavilov's seedbank has 

250,000 specimens

1940-41 Vavilov interrogated by NKVD Found guilty of spying for Britain/sabotage 
Soviet crops

Sentenced to 20 years in 
labor camps

Siege of Leningrad 1941-1944 Vavillov’s seed bank under threat Scientists die protecting 
Vavilov’s seed

1941 Vavilov imprisoned Stalin implicated

1943 Vavilov dies of starvation Saratov, January 26th Official silence of Vavilov’s 
name begins

1948 Lysenkoism becomes official Soviet 
"science"

1951 Vavilov removed from Great Soviet 
Encyclopedia

Stalin dies 1953 Joseph Stalin dies

Khrushchev in power 1955* Vavilov’s rehabilitation Moscow Officially rehabilitated

Vavilov rehabilitated 1977 First commemorative stamp issued No commemoration celebration 1887-1943 N.I. Vavilov

Birth Centenary 1987** Second commemorative stamp issued Celebrated in Moscow - major event and 
conference

44 years of official silence 
about Vavilov

* 12 years after official silence, ** 44 years after official silence
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