
It’s Time to Lose the Ladder
Lesson Set 3 of 5

Teacher Prep

Age Levels: 9th–12th grade 

Time Commitment: 6 days

Key Vocabulary/Concepts:
cladogram, node, common 
ancestor, natural selection, 
artificial selection, variation, 
classification, phenotype, 
cladistics, derived trait, 
genotype, karyotype, 
phylogenetic tree

Materials:
• Sticky notes, small sheets of 

paper, individual whiteboards
• Student handouts
• Device with internet access

Apps and Software:
• Google Jamboard or Google 

Drawings
• Computers or other devices 

with internet access

Introduction
Images of evolution often depict individuals from extinct species 
arranged in a line, succeeded by a related species that is alive today. 
This imagery perpetuates the idea that evolution is a progressive, 
goal-oriented process, one species giving way to another in a linear 
fashion. Evolution is much more complicated, and this lesson set 
explores how evolution is better understood as a branching tree.  

       Teacher Goals
1) Provide structured opportunities for students to ask questions that 

drive the learning process.
2) Guide students as they compare and contrast artificial and natural 

selection so they are able to identify that artificial selection is 
goal-oriented and natural selection is not. 

3) Develop students’ ability to use evidence to explain the role of 
artificial and natural selection in unfamiliar situations.

4) Provide appropriate scaffolding in order to help students 
understand the random and non-random aspects of evolution.

       Student Learning Goals
1) Generate questions in order to clarify artificial and natural 

selection.  
2) Compare and contrast species’ adaptations and their niches in 

order to explain that evolutionary fitness is the ability of an 
organism to survive and reproduce in its given environment. 

Evolution Lesson Set Series  
https://ncse.ngo/supporting-teachers/classroom-resources

Lesson Set 1: The Origin of a Species

Lesson Set 2: Good is Good Enough?
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Lesson Set 4: No More Monkeying Around

Lesson Set 5: The Road to Extinction
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https://ditchthattextbook.com/jamboard/
https://www.theedublogger.com/google-drawings/
https://1.bp.blogspot.com/_Iy-QvX1qv0E/R5DJgF2SfhI/AAAAAAAABwg/IEsJtiS9OLk/s1600/Original_Complete.jpg
https://ncse.ngo/origin-species
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       Student Learning Goals (continued)
3) Differentiate between artificial and natural selection in order to explain that evolution does not have 

an ultimate goal, although when guided by humans there is often an objective.
4) Analyze and interpret data in order to construct a cladogram that predicts the relationship between 

organisms that independently developed the same adaptations. 
5) Explain how evolution is best described using branching imagery as opposed to a linear progression.

Background

        Teacher Knowledge
Nature of Science
It‘s recommended that students work through the NCSE Nature of Science lesson sets at some point 
during the year. However, if this is not possible, be sure to introduce students to FLICC, a framework for 
understanding science denial, prior to presenting this lesson set. Part E: The Characteristics of Science 
Denial in Nature of Science Lesson Set 1: Science is a Way of Knowing is especially valuable. It takes 
students through several examples of FLICC in action while dismantling common misconceptions about 
the COVID-19 pandemic. Learn more about FLICC.

Evolution
Evolution explains many aspects of biology and is an indispensable part of a life science curriculum. The 
scientific community sees evolution as the unifying principle of all biology. The biological unity of life on 
our planet can be understood by examining anatomical features, genetics, or embryological development; 
this evidence can be used to identify a common ancestry of different species. Likewise, the diversity 
among life on our planet can be understood through the lens of evolution. Understanding fitness and 
convergent evolution is a part of that story. 

This lesson set is meant to help students understand the tangled tree of evolution and that evolution 
includes both random and non-random processes and has no ultimate goal. If a refresher on evolution 
is necessary, consider checking out the University of California Museum of Paleontology “Understanding 
Evolution” resource. 

https://ncse.ngo/supporting-teachers/classroom-resources
https://drive.google.com/file/d/1sn3Su-VTLrADvPvyp5x7Q1x2ewu_8uSj/view?usp=sharing
https://ncse.ngo/science-way-knowing
https://crankyuncle.com/a-history-of-flicc-the-5-techniques-of-science-denial/
https://evolution.berkeley.edu/
https://evolution.berkeley.edu/
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          Discussion Points
• What is the difference between artificial and natural selection?
• What is “fitness” and what role does fitness play in both artificial and natural selection?
• What processes are random in natural selection? What processes are non-random in natural selection?
• How does displaying a line of extinct species followed by an extant species misrepresent evolution?
• How do similar traits develop independently on separate branches of the evolutionary tree?

          Prerequisite Student Knowledge
Before starting the activities below, students should have some experience with cladograms and 
evolutionary relationships. They should also be able to express that populations, not individuals, adapt 
and change over time and that the process of diversification is evolution. Students should also be able to 
explain the basics of classification and how scientists organize life on Earth. 

Students should also have a working knowledge of the role of variation in natural selection.

Core Misconceptions

✘
MISCONCEPTION: Evolutionary fitness is a matter of which organisms are bigger, faster, or 
better.

✔

FACT: Evolutionary fitness is simply the ability of an organism to survive to reproduce. The 
more offspring an organism has, the more influence it ultimately has on the direction of future 
populations. An organism with traits that are beneficial in one environment might be poorly 
suited for survival in a new or changed environment.

✘ MISCONCEPTION: Evolution results in a linear progression towards an ultimate goal.

✔
FACT: Evolution does not have an intended direction; it is more like a branching network of 
organisms with no taxon more important or “more evolved” than any other in its structure.

✘ MISCONCEPTION: Evolution is a completely random process.

✔ FACT: Evolution involves both random and non-random processes.
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Teacher Instructions

       Anchoring Phenomenon
Anchor: In the Dog House    
• Present students with three images: a horse, a snake, and a dog. Ask students to compare and contrast these 

organisms. Create a list of student responses.
• Present students with a simple cladogram and ask students to organize the animals on the cladogram 

according to how they think these animals are related. Ask students to explain their reasoning. Then pose 
the following questions:
-	How	much	influence	do	you	think	humans	had	in	the	way	these	animals	look,	behave,	or	develop?
-	 What	other	organisms	do	humans	influence	the	traits	of?
-	 How	do	humans	influence	an	organism’s	traits?

• Inform students that each node of the cladogram represents a common ancestor to the branches that come 
away from it. Tell students it is important to identify the trait or traits developed at that node; the species 
following that node share the trait or traits with their common ancestor. At the first node from the left, write 
“bilateral symmetry.” At the second node write “fur.” 

• Highlight for students that snakes are the result of natural selection, and although breeders artificially 
select for traits, there is no domestic snake that is a wholly different species from wild snakes. In contrast, 
modern horses and dogs are the result of artificial selection and are bred with a specific need in mind. They 
are different species than their wild relatives, with the exception of the American mustang, which is a feral 
(i.e., once domesticated, now wild) modern horse. Ask students to think about which species—modern dogs 
or modern horses—has more variation in its appearance, behaviors, and development. Reveal for students 
that dogs have the widest range of morphology and behavior than any other domesticated species.

• Introduce the word classification to students. By organizing organisms into groups, we can better 
understand the similarities and differences between them and understand their relationship to each other. 
Pass out the In	the	Doghouse	Breed	Cards and ask students to organize the dogs into groups based on the 
purpose they were bred for. 

• Once students have had sufficient time, ask students to identify any similarities and differences between the 
dogs in the group. Then introduce students to the American Kennel Club. Tell students, “The	American	Kennel	
Club’s	mission	is	to	‘advance	the	studying,	breeding,	exhibiting,	running	and	maintenance	of	purebred	dogs.'	” To 
aid them in this mission, the American Kennel Club groups dogs by the “original work that each breed was 
developed to do." The American Kennel Club recognizes seven groups: hound, sporting, toy, non-sporting, 
terrier, working, and herding. Ask students to compare and contrast their “original purpose” groups to the 
American Kennel Club groups. How similar are the dogs in each of the groups?

• Ask students to use their In	the	Doghouse	Breed	Cards to create new groups based on the characteristics 
of the dogs. These characteristics may be physical or behavioral. Once students have completed this, use 
Think-Pair-Share to reflect on how the groups changed from the first and second part.

• Introduce students to the word phenotype. A phenotype is an individual’s appearance, which is observable 
and/or measurable. Give a few examples, including hair color, height, and behavior. Ask students to provide 
other examples. Ask for student volunteers and ask the class to identify the phenotypes of these individuals. 

https://drive.google.com/drive/folders/1AYSa99NXfO7NNpeZM9iTHbTKUYg8lhTm?usp=sharing
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       Anchoring Phenomenon (continued)

Anchor: In the Dog House (continued)     
• Tell students that we can organize organisms in groups in order to reveal their relationships and that we 

can further diagram these relationships using cladistics. Cladistics is a way of hypothesizing evolutionary 
relationships between organisms using common traits, and it is based on the idea that members of the 
same group that share unique traits are more likely to be closely related to each other.

• Tell students to separate out the following breeds: dachshund,	Siberian	Husky,	pug,	French	Bulldog,	Old	
English	Sheepdog. Students will create a simple cladogram that reflects what they think is the relationship 
between the development of these breeds. Remind students to identify a derived trait at each node that the 
succeeding species share. Provide students with enough time to create their cladogram. 

• Note:	There	is	a	sample	student	response	in	the	teacher	resource	folder.	However,	students	may	find	creative	
ways	to	show	potential	developmental	relationships	between	breeds.	It	is	important	to	highlight	for	students	that	
creativity	is	a	part	of	the	scientific	process	and	to	encourage	students	to	have	an	open	mind.

• Provide students with the Cladogram	of	161	Domestic	Dog	Breeds and tell students that this cladogram 
was created using genetics and geography in order to determine the breed development. Identify for the 
students the breeds from their simple cladogram. Ask students to reflect on what they notice and wonder. 

• Tell students that an individual’s collection of genes — their genetics — is their genotype. This is one factor 
that contributes to phenotype. Tell students that the genomic research that went into the Cladogram	of	161	
Domestic	Dog	Breeds revealed to scientists how some common traits developed independently at different 
locations in the world and at different times in history. 

Driving Question Board: It’s Time to Lose the Ladder
• If you're working in-person or without access to digital media, then create a physical version of the 

Driving Question Board that can be displayed prominently in the classroom. Provide students with 
sticky notes so they can add their questions to the board.

 Note:	The	sample	Driving	Question	Board	(DQB)	can	be	found	in	the	Teacher	Resource	Folder	above.	Please	
make	a	copy	of	the	template	provided	before	beginning	the	activity.

• Organize students into pairs. This will allow them to have someone to help develop their questions. 
On the class DQB, have each student pair type or write one or more open-ended questions on separate 
sticky notes, along with their initials. Open-ended questions require answers beyond yes or no or a 
single word. If students are struggling to think of open-ended questions, have them consider questions 
related to the independent development of common traits, the ability of humans to drive evolution, or 
natural selection in general. Sample open-ended questions include:
- How can one trait be expressed with different genes in different species?
- Sometimes species look similar but are genetically different: how does this happen?
- Dogs exhibit a wide range of variation due to humans selecting for different traits. Can humans 

cause significantly less variation in a population?
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       Anchoring Phenomenon (continued)

Driving Question Board: It’s Time to Lose the Ladder (continued)     
• Read a few of the student-generated questions aloud to the class. Inform the class that you will view 

all sticky notes later and organize them into groupings. After class ends, arrange similar questions into 
categories and add subtitles above the sticky notes. 

• The DQB is meant to guide instruction and therefore should be referenced periodically, such as 
at the start of a class or when transitioning between activities, to highlight what questions have 
been answered and where the storyline is headed next. Not all student-generated questions will be 
answered. At the end of the storyline, teachers may elect to have students do research to address the 
unanswered questions. 

           Storyline Activities
Part A: Fitness on the Farm     
• Show students the video A Brief History of Dogs—How We Domesticated Dogs (7:10). As students are 

watching, ask them to keep the following questions in mind:
-	 How	does	this	video	connect	with	what	we	learned	in	the	anchor	activity?
-	 How	does	this	video	extend	your	understanding	in	a	new	direction?
-	 What	challenges	or	questions	arise	for	you?

• Once students have had an opportunity to discuss the video, present the following questions and allow 
students time to discuss them:
-	 How	did	humans	direct	the	development	of	dogs?
-	 Was	there	a	goal	to	the	breeding	process?
-	 What	other	organisms	have	had	their	development	directed	by	humans?

• Show students the image of a domestic banana and a wild banana found in the Teacher Resource 
Folders above. Ask students to identify what they notice and wonder about these images. Ask students 
to identify what traits humans have chosen for in this example.

• Introduce the concept of artificial selection to students. Tell students that artificial selection is 
the process of humans controlling the reproduction of organisms to produce desirable traits in 
the population. Remind students that the chosen traits must be inheritable and that over many 
generations, the desirable trait becomes more common in the population.

• Ask students to complete a Think-Pair-Share using the following prompt: What	role	does	variation	
play	in	artificial	selection?	Explain	using	the	concepts	of	genotype	and	phenotype. Students’ answers may 
include:
- Variation must exist in order for humans to choose desirable traits.
- Variation must be phenotypic and dependent on genotype.

https://drive.google.com/drive/folders/1E4UO9ed03vYcfs89WEqO_aSkFc-hbsm1?usp=sharing
https://youtu.be/xmw3jRqS9oQ
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           Storyline Activities (continued)
Part A: Fitness on the Farm
• Pass out Fitness	on	the	Farm	Student	Handout and read the introduction out loud with students. 

Organize students into pairs or groups based on interest in order to complete the activity. Students 
should choose to research one of the following domesticated species:
- Domestic chicken (Gallus	gallus	domesticus)
- Domestic cat (Felis	catus)
- Domestic horse (Equus	caballus)
- Domestic pigeon (Columba	livia	domestica)
- European cattle (Bos	taurus)
- Domestic rabbit (Oryctolagus	cuniculus	domesticus)
- Apples (Malus	domestica)
- Maize (Zea	mays)
- Common bean (Phaseolus	vulgaris)
- Mustard plant (Brassica	oleracea)

• After sufficient time, ask students to share their findings. Ask students to answer the following 
questions:
-	 Are	there	any	common	traits	that	arose	independently?
-	 From	which	wild	organism	did	their	domestic	species	evolve?	
-	 How	did	humans	drive	this	process	and	what	traits	were	most	desirable	to	humans?

• Tell students that the organisms that have these specific traits increase their likelihood to survive and 
reproduce. If a farmer is selecting for milk production, it is more likely that the cows that produce more 
milk will be allowed to breed. This ability is called fitness. Highlight for students that fitness is not 
directly related to the strength or health of an organism, but its ability to survive and reproduce in its 
environment.

• Provide students with the image of the modern watermelon and painting “Watermelons, peaches, 
pears and other fruit in a landscape” by Giovanni Stanchi. Ask them to complete their Claim-Evidence-
Reasoning on the bottom of their student handout using these two images to guide their response. 

• Anchor to Activity—Tying it All Together: Pass out the dog cards from the previous day. Ask students to 
identify the traits humans selected for and how those traits would increase the breed’s fitness for their 
original job. For example, the large chest of a Bluetick Coonhound gives it more lung space in order to 
bark loudly and alert to the presence of a raccoon in a tree. 
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           Storyline Activities (continued)
Part B: Fitness in the Wild 
• Ask students to redefine artificial selection. Once a class definition has been created, ask students to 

give examples of how humankind has created specific domesticated species based on their research 
from the previous activity. Once students have shared their responses, pose the following questions:
-	 Did	the	domestication	of	any	of	these	species	happen	in	one	generation?
-	 Did	any	individuals	evolve?
-	 Did	humans	create	any	of	the	new	traits	in	the	species?

• Students should be able to explain that the domestication of all species happens over a long period of 
time, over many generations. Additionally students should explain that each individual did not evolve, 
but instead passed down traits to their offspring, causing the population to evolve over time. Finally, 
students should be able to identify that the traits that become more common were not caused by 
humans, but instead selected for. 

• Pass out the Fitness	in	the	Wild	Student	Handout and explain to students that they will be applying 
what they now know about artificial selection to species that live in the wild. 

• Introduce students to the PhET Natural Selection simulation. If necessary, provide students with direct 
instruction on utilizing the simulation by following the instructions found on the student handout.

• Once students have had sufficient time to complete Part A of the student handout, then introduce 
students to Part B. In Part B, students will apply what they have learned to a specific case of natural 
selection occuring in wolves. Once students have completed Part B, go over the analysis questions 
with the class. As part of the class discussion, create a class definition for natural selection. 

• Anchor to Activity—Tying it All Together:  Ask students what they know about Charles Darwin and his 
book On	the	Origin	of	Species. Tell students that Darwin wrote at length about artificial selection and 
then used the artificial selection of pigeons as an analogy for natural selection. Give students time to 
reflect on the “In the Dog House” anchor activity and create an analogy for natural selection with this 
example of artificial selection. 

Part C: Nature’s Doppelgangers
• Present students with the images of the flying squirrel and sugar glider. Prompt students to make 

observations and formulate questions from those observations using the sentence stems, “I notice… I 
wonder…” Ask students to compare and contrast the organisms.  
Note:	it	is	important	not	to	reveal	the	names	of	these	species	or	their	relation	to	each	other.	Allow	students	
to	make	inferences,	but	remain	impartial	to	any	suggestions.	

• Organize students into groups and provide one deck of the Nature’s	Doppelgangers	Phenotypes	Card	Set 
per group. Instruct students to use the phenotypes of the different species to organize them into sets 
that they think could be closely related to each other. The sets do not need to have equal distribution, 
but should be representative of one or several factors that the species have in common.

https://drive.google.com/drive/folders/1rZhpvLwZV6z4_5o9zopngOYMJQ5gZjsQ?usp=sharing
https://drive.google.com/drive/folders/1AW3CbMuTo3zKco8aHfzmmpzGG9f6fdNm?usp=sharing
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           Storyline Activities (continued)
Part C: Nature’s Doppelgangers
• After sufficient time, allow students to complete a gallery walk and make observations of how the 

other groups organized their cards. Provide time for students to share any trends or differences they 
notice in how groups organized their card sets.

• Have students set aside their cards, being sure to keep them in the original order they categorized 
them during the first activity. Pass out the Nature’s	Doppelgangers	Karyotype	Card	Sets. Ask students 
to share their observations of the cards. Tell students that a karyotype is an individual’s set of 
chromosomes, organized by length and shape. Ask students to organize the new cards into two distinct 
karyotype sets based on similarities.

• Once students have successfully created their karyotype sets, ask them to now pair each card from the 
Nature’s	Doppelgangers	Phenotypes	Card	Set to its match in the karyotype card set. Ask students to identify 
what they believe the two sets represent. Then, reveal the sets to be the orders Marsupialia	and	Placentalia. 

• Show the TED-Ed video The Three Different Ways Mammals Give Birth—Kate Slabosky (4:49). Ask 
students to compare and contrast Marsupialia	and	Placentalia. Create a diagram, such as a T-Chart or 
Venn diagram, in a common space, such as a white board, based on the similarities and differences 
students identify.

• From here students should create their own cladogram. Each student’s or group’s cladogram may look 
different, and that is to be expected. Students should feel free to use their creativity to create their 
cladogram. 
- Students will start by dividing their first major group, Placentalia, into smaller groups based on their 

phenotypes. Groupings do not need to be evenly distributed. Students should keep track of the 
common characteristics between the members of each group.

- Students should now draw the branching map that connects the cards together. At each node, the 
point at which the branches meet, students should write the common trait that all species along 
these branches have. 

- Students should repeat this process for the order Marsupialia.
- Once students have completed their cladogram, allow them time to complete the analysis questions 

on the student handout and review answers. 
• Activity Variation—Students may be overwhelmed by the prospect of creating a cladogram with this 

number of cards. They may need significant time — up to a week — to complete their cladograms, 
including time to receive feedback and make revisions. Consider limiting the number of cards students 
need to use in the cladograms to 10 (5 from each order). Likewise, you can provide a list of derived 
traits for students to utilize during this process. 

• Anchor to Activity—Tying it All Together:  Ask students to compare and contrast this process to the 
simple cladogram they built for the dog breeds in the anchor activity. Who or what was guiding 
the development of the different breeds? Was there an end goal? How does that compare with the 
evolution of the different marsupial and placental species? Guide students through this conversation.

https://youtu.be/sz3Yv3On4lE


It’s Time to Lose the Ladder 
(Lesson Set 3 of 5)

10

EVOLUTION

           Storyline Activities (continued)
Part D: Branching Out
• Revisit the flying squirrel and sugar glider images from the previous day. Allow students time to 

consider the following questions:
-	 How	does	each	species	fit	its	environment?
-	 What	role	do	you	think	variation	had	in	the	evolution	of	these	species?	Choose	a	specific	trait	and	describe	
how	it	might	have	become	the	common	trait	for	that	species.

-	 Was	the	evolution	of	these	species	random,	non-random,	or	a	combination	of	both?	Explain	your	reasoning.
• Pass out the Branching	Out	Student	Handout. Read the background information out loud with students. 

Organize students into pairs or small groups. Provide students with computers with internet access or 
an alternative way of accessing the website. Demonstrate for students how to use the phyloT website 
to create a phylogenetic tree. 

• Using the graphic organizer on the Branching	Out	Student	Handout, students should choose a variety of 
species in order to create their phylogenetic trees. Once they have created their list, provide students with 
the Branching Out Student Instructions. This is meant to guide students in using the PhyloT website and 
does not have any written aspect, so it is possible to save these and use them again in another class. After 
generating the tree, they should complete the analysis questions on the Branching	Out	Student	Handout. 

• When students have completed their trees and analysis questions, bring students back together to review 
the answers to the analysis questions. Then ask them to consider the following questions:
-	 Which	more	accurately	represents	evolutionary	relationships:	a	straight	line	or	a	branching	tree?	Explain	
your	reasoning.

-	 Can	two	organisms	fit	the	same	niche,	but	not	be	on	the	same	branch	of	the	evolutionary	tree?	Provide	an	
example.

-	 Is	evolution	a	linear	progression?
-	 Which	processes	in	evolution	are	random?	Which	processes	are	not	random?	How	do	these	processes	work	
together?

-	 How	does	displaying	a	line	of	extinct	species	followed	by	an	extant	species	misrepresent	evolution?
• Anchor to Activity—Tying it All Together: Provide students with the opportunity to go back to the 

original questions they asked. Give time for students to reflect on what their question was, what they 
learned related to their question, and what new questions they have. Prompt students to think about 
how scientists might learn the answers to these questions or how they might go about researching it 
themselves. Students should share their reflections either in small groups or with the whole class.

 
Time After Deep Time Check-in: It’s Time to Lose the Ladder Timeline Cards
• Students will sequence the major events that occurred in mammalian evolution by putting the 

timeline cards in the order of occurrence they think best reflects evolutionary changes. The It’s Time to 
Lose the Ladder Timeline Cards are one component of a part of a larger card set that connects each of 
the National Center for Science Education evolution lesson sets together.. 

https://drive.google.com/drive/folders/15Rz7rYP6GJqbYWoPk1gbGDmXOcYS7IiT?usp=sharing
https://phylot.biobyte.de/
https://drive.google.com/drive/folders/1n2eWZTcNOvW7eOqDzSiuGg3pezY0f8fH?usp=sharing
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         Extension Activities
Deeper Dive
• Essay: Life’s Grand Design
• Is Evolution Random?
• Bug in a Meadow
• Feral Chickens Fly the Coop

           Online Resources

» Teacher Resource Folder 

» A Brief History of Dogs—How We Domesticated Dogs (7:10)

» The Three Different Ways Mammals Give Birth—Kate Slabosky (4:49)

» Phylo-T
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