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Unit Overview 
 

How Do Populations Evolve?  is a 13-day evolution unit developed as part of the ModelSim project 
(http://modelsim.tech.northwestern.edu/info/).   The activities in this unit have been pilot-tested in high 
school biology classes through the last few years, to revise and refine the materials based on our own 
research findings and feedback from teachers and students    The focus of the unit is primarily on helping 
students master three performance expectations of the Next Generation Science Standards (NGSS): 
 

• HS-LS4-2. Construct an explanation based on evidence that the process of evolution 
primarily results from four factors: (1) the potential for a species to increase in 
number, (2) the heritable genetic variation of individuals in a species due to mutation 
and sexual reproduction, (3) competition for limited resources, and (4) the 
proliferation of those organisms that are better able to survive and reproduce in the 
environment. [Clarification Statement: Emphasis is on using evidence to explain the influence 
each of the four factors has on number of organisms, behaviors, morphology, or physiology in 
terms of ability to compete for limited resources and subsequent survival of individuals and 
adaptation of species. Examples of evidence could include mathematical models such as simple 
distribution graphs and proportional reasoning.] [Assessment Boundary: Assessment does not 
include other mechanisms of evolution, such as genetic drift, gene flow through migration, and 
co-evolution.]  
 

• HS-LS4-3. Apply concepts of statistics and probability to support explanations that 
organisms with an advantageous heritable trait tend to increase in proportion to 
organisms lacking this trait. [Clarification Statement: Emphasis is on analyzing shifts in 
numerical distribution of traits and using these shifts as evidence to support explanations.] 
[Assessment Boundary: Assessment is limited to basic statistical and graphical analysis. 
Assessment does not include allele frequency calculations.]  

 
• HS-LS4-4. Construct an explanation based on evidence for how natural selection 

leads to adaptation of populations. [Clarification Statement: Emphasis is on using data to 
provide evidence for how specific biotic and abiotic differences in ecosystems (such as ranges of 
seasonal temperature, long-term climate change, acidity, light, geographic barriers, or evolution 
of other organisms) contribute to a change in gene frequency over time, leading to adaptation of 
populations.]  

 
 
Some ground work is laid at the end of this unit for an additional performance expectation (HS-LS4-5), 
but it is advised that additional case studies be investigated as part of the instruction to help students 
meet this performance expectation. 
 

• HS-LS4-5. Evaluate the evidence supporting claims that changes in environmental 
conditions may result in: (1) increases in the number of individuals of some species, 
(2) the emergence of new species over time, and (3) the extinction of other species.  
[Clarification Statement: Emphasis is on determining cause and effect relationships for how 
changes to the environment such as deforestation, fishing, application of fertilizers, drought, 
flood, and the rate of change of the environment affect distribution or disappearance of traits in 
species.]  

The agent-based approaches adopted by the computational models in this unit can deliver both 
qualitative and quantitative models with minimal algebraic formalism yet powerful modeling capability. In 
addition, these models serve as powerful test-beds for students to design and conduct experiments to 
analyze data and construct scientific explanations for the mechanisms and patterns underlying population 
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dynamics. Each activity begins with a pre-class discussion to introduce students to the central question of 
the activity and to elicit students’ prior ideas about the topic. After students have interacted with the 
model, either alone or in small groups, the teacher facilitates a consensus-building discussion in class to 
synthesize what students learned. This state-of-the-art curriculum has been designed to closely align with 
the Next Generation Science Standards in terms of the scientific practices that students engage in as well 
as the performance expectations and disciplinary core ideas addressed in the unit. 

Over the course of the unit students investigate three case studies all related to the Gray Wolf (canis 
lupus).  The first of these looks at how new breeds of domesticated dogs are formed and how dogs were 
first domesticated from wild wolves.  The second of these looks at the relationship between traits of 
wolves and the environment in which they live.   The last looks at the evolutionary relationships of three 
cousins of the modern wolf that shared a common ancestor with it in the past 10 millions years. 

The wolf context builds of a previous ModelSim unit on Population Biology, “How Do Populations 
Change?” that uses the wolves and moose population on the Isle Royale ecosystem to help students 
understand concepts related to interactions, competition, resource availability, birth/death rates, 
fluctuation/stability, environmental changes, and carrying capacity.  Students who completed this prior 
unit will be in a position to transfer many scientific principles related to population dynamics in a wolf 
population over short time scales (decades) to evolutionary change over much longer time periods.  

The context of these studies is used to construct explanations and argue from evidence to answer the 
question “How Do Populations Evolve?”  The answer to this question develops further with each new 
lesson, as students first contribute new questions and new discoveries to what the class figures out.  In 
each lesson students contribute new discoveries that apply to all populations of organism that they make 
through the investigations to the Driving Question Board, a publically posted space that captures and 
displays these ideas.   And they contribute new questions and discoveries they make related to the Isle 
Royale case study to the class Case Study Board. 

Throughout the unit, students construct scientific explanations, build models, and argue from evidence to 
answer these questions: 

1. How Did People Develop Breeds of Dogs? 
2. Why Do Different Sub-Species of Wolves Have Different Trait Variations? 
3. How Are Different Canid Species Related To One Another? 

In the first explanation students integrate mechanisms about traits and genes, selection, patterns of 
inheritance, recombination of alleles through meiosis and fertilization with historical data on selective 
breeding of dogs and develop hypotheses about why and how the first wild wolves were domesticated 
through selective breeding.   For the second question students develop a model and related argument 
from evidence about how natural selection or genetic drift led to trait variations for nine different sub-
species of wolves around the world.  For the this question, students develop an explanation that 
integrates third mechanisms about competition, mutation, adaptation, sexual selection, extinction and 
speciation with data about the traits and environments of four canids species. 
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Prerequisite Student Knowledge 
 

This unit assumes that student’s will have the following prior knowledge: 

LS2.A Interdependent Relationships in Ecosystems 

• Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations 
they can support. These limits result from such factors as the availability of living and nonliving 
resources and from such challenges such as predation, competition, and disease. Organisms would 
have the capacity to produce populations of great size were it not for the fact that environments and 
resources are finite. This fundamental tension affects the abundance (number of individuals) of 
species in any given ecosystem.   

• A complex set of interactions within an ecosystem can keep its numbers and types of organisms 
relatively constant over long periods of time under stable conditions. If a modest biological or 
physical disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the 
ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in 
conditions or the size of any population, however, can challenge the functioning of ecosystems in 
terms of resources and habitat availability. 

LS1.A Structure and Function 

• All cells contain genetic information in the form of DNA molecules. Genes are regions in the DNA that 
contain the instructions that code for the formation of proteins.  

• Each chromosome consists of a single very long DNA molecule, and each gene on the chromosome is 
a particular segment of that DNA.  The instructions (alleles) for forming species’ characteristics are 
carried in DNA. Genes are located in the chromosomes of cells, with each chromosome pair 
containing two variants of each of many distinct genes. Each distinct gene chiefly controls the 
production of specific proteins, which in turn affects the traits of the individual.  

LS3.A: Inheritance of Traits  

• Organisms reproduce, either sexually or asexually, and transfer their genetic information to their 
offspring.  

• Variations of inherited traits between parent and offspring arise from genetic differences that result 
from the subset of chromosomes (and therefore genes) inherited.  

• Changes (mutations) to genes can result in changes to proteins, which can affect the structures and 
functions of the organism and thereby change traits.   

LS3.B: Variation of Traits  

• In sexually reproducing organisms, each parent contributes half of the genes acquired (at random) by 
the offspring.  Individuals have two of each chromosome and hence two alleles of each gene, one 
acquired from each parent. These versions may be identical or may differ from each other.   

• In addition to variations that arise from sexual reproduction, genetic information can be altered 
because of mutations. Though rare, mutations may result in changes to the structure and function of 
proteins. Some changes are beneficial, others harmful, and some neutral to the organism.  
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Targeted Disciplinary Core Ideas 

In the unit, students learn specific disciplinary core ideas (DCIs) outlined in the Framework for the Next Generation 
Standards: 

LS4.A:	  Evidence	  of	  Common	  Ancestry	  and	  Diversity	  	  
• Genetic information provides evidence of evolution. DNA sequences vary among species, but there 

are many overlaps; in fact, the ongoing branching that produces multiple lines of descent can be 
inferred by comparing the DNA sequences of different organisms. Such information is also derivable 
from the similarities and differences in amino acid sequences and from anatomical and embryological 
evidence. (HS-LS4-1)  

LS4.B:	  Natural	  Selection	  	  
• Natural selection occurs only if there is both (1) variation in the genetic information between 

organisms in a population and (2) variation in the expression of that genetic information—that is, 
trait variation—that leads to differences in performance among individuals. (HS-LS4-2),(HS-LS4-3) 
 

• The traits that positively affect survival are more likely to be reproduced, and thus are more common 
in the population. (HS-LS4-3)  

LS4.C:	  Adaptation	  	  
• Evolution is a consequence of the interaction of four factors: (1) the potential for a species to 

increase in number, (2) the genetic variation of individuals in a species due to mutation and sexual 
reproduction, (3) competition for an environment’s limited supply of the resources that individuals 
need in order to survive and reproduce, and (4) the ensuing proliferation of those organisms that are 
better able to survive and reproduce in that environment. (HS-LS4-2)  
 

• Natural selection leads to adaptation, that is, to a population dominated by organisms that are 
anatomically, behaviorally, and physiologically well suited to survive and reproduce in a specific 
environment. That is, the differential survival and reproduction of organisms in a population that 
have an advantageous heritable trait leads to an increase in the proportion of individuals in future 
generations that have the trait and to a decrease in the proportion of individuals that do not. (HS-
LS4-3),(HS-LS4-4) 

 

• Adaptation also means that the distribution of traits in a population can change when conditions 
change. (HS-LS4-3)  
 

• Changes in the physical environment, whether naturally occurring or human induced, have thus 
contributed to the expansion of some species, the emergence of new distinct species as populations 
diverge under different conditions, and the decline–and sometimes the extinction–of some species. 
(HS-LS4-5) 
 

• Species become extinct because they can no longer survive and reproduce in their altered 
environment. If members cannot adjust to change that is too fast or drastic, the opportunity for the 
species’ evolution is lost. (HS-LS4-5)  
 

• In artificial selection, humans have the capacity to influence certain characteristics of organisms by 
selective breeding. One can choose desired parental traits determined by genes, which are then 
passed on to offspring. (MS-LS4-5)  
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Scientific Principles Discovered in the Unit 

These are the lesson level statements of what students figure out by the end of a lesson.  They cover the 
same scope of content as the disciplinary core ideas, but make further connections to Cross-Cutting 
Concepts, and unpack the DCIs into “pieces of the puzzle” that students figure out at different points in 
the unit.  The L# designation below indicates which lesson students will figure these out.  Versions of 
these principles that are similar in meaning (but might be worded differently) should be posted on the 
driving question board in the room as student’s uncover/discover them.   

• L2A:  Selective breeding has 3 mechanisms that influence its outcomes: 1) which alleles are randomly 
passed on through meiosis and fertilization, 2) intentional selection of mates by the breeder and 3) 
intentional removal of others from the population by the breeder. 

• L2A:  Selective breeding can result in individuals with new combinations of traits and populations with 
different gene pools. 

• L3: Natural selection occurs only if there is both (1) variation in the genetic information between 
organisms in a population and (2) variation in the expression of that genetic information—that is, 
trait variation—that leads to differences in performance among individuals.  

• L3 & L4: As a result of natural selection, distribution of traits in a population can change when 
interactions in the ecosystem change or environmental conditions change, this tends to lead to 
organisms that are well suited for survival in particular environments. 

• L5a: Some shifts in the distribution of traits in a population are the results of random selection 
events (such as meiosis). 

• L5a: Alleles/genes can disappear from gene pools from random events; this also can lead to a 
population dominated by organisms that are different from other ancestor populations. 

• L6: Mutations add new traits into a population when random errors occur in the replication of genetic 
information and are inherited by offspring. 

• L6 & L7 A new trait might grant individual(s) a competitive advantage for survival and/or 
reproduction in an environment (an adaptation), or a competitive disadvantage, or neither. 

• L6 & L7:  Advantageous traits tend to accumulate in populations over many generations yielding a 
population progressively better adapted to survive and reproduce in that environment over time. 

• L8:  New species emerge from old species (a group of organisms that is capable of interbreeding only 
between each other to produce fertile offspring). 

• L8:  Speciation can occur when specialization for survival in different niches is available to a 
population; this specialization opportunity can tend to reinforce adaptations that lead to greater 
reproductive isolation between those populations. 

• L8:  Speciation can occur when geographic isolation leads to separate populations that, due mutation 
and genetic drift, develop genes and corresponding traits in descendent populations that make them 
less reproductively compatible with each other over time. 

• L10:  The chances that a species will go extinct, rather than evolve is influenced by many factors, 
including: 1) the resources available needed for survival and reproduction, 2) the current size of the 
population 3) the other populations the species is competing against for those resources, 4) the 
amount of trait variation and diversity of alleles in the gene pool of the species, and 5) the size and 
abruptness of environmental changes. 

• L10:  The fossil record shows that over the billions of years that life has been on Earth, most species 
that once lived have gone extinct, and that after mass extinction events, species that survive tend to 
adapt and often speciate to fill vacant niches in their ecosystems. 
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Targeted Crosscutting Concepts 
 

 
These Cross-Cutting Concepts in the Framework from the Next Generation Science Standards in the high 
school grade band were targeted in the lesson level performance expectations in this unit: 

 
Stability and Change  
 

• Much of science deals with constructing explanations of how things change and how they remain 
stable.  

 
Patterns  
 

• Different patterns may be observed at each of the scales at which a system is studied and can 
provide evidence for causality in explanations of phenomena.  

 
 

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 contexts and used to predict and 
explain events in new contexts.  

• Empirical evidence is required to differentiate between cause and correlation and make claims 
about specific causes and effects 

 

Nature of Science: 
Scientific Knowledge Assumes an Order and Consistency in Natural Systems  

• Scientific knowledge is based on the assumption that natural laws operate today as they did in 
the past and they will continue to do so in the future.  

 

 
 

These sections Cross-Cutting Concepts in the Framework from the Next Generation Science Standards in 
the middle school grade band were leveraged in the lesson level performance expectations in this unit: 

 

Patterns 

• Patterns can be used to identify cause and affect relationships. 
• Graphs, charts, and images, can be used to identify patterns in data 

 

Cause and Effect 

• Cause and effect relationships may be used to predict phenomena in natural systems. 
• Phenomena may have more than one cause, and some cause and effect relationships in systems 

can only be described using probability.  
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Anchoring Phenomena in the Unit  
What do we mean by phenomena? 
Phenomena are things that happen, events or processes, that are observable by the senses, or 
detectable by instruments and that happen more than once (repeatable).   In this unit the class of 
phenomena that students consider are all related to sizes of populations changing over time in 
ecosystems. 

What is the role of phenomena in NGSS? 
One of the big shifts in the Next Generation Science Standards from previous science standards, is in 
central focus in having students engaged in using scientific practices, disciplinary core ideas, and cross-
cutting concepts simultaneously to explain phenomena or design solutions.  This coupling of process and 
content in the service of developing an explanation or design is at the heart of what drives scientific and 
engineering enterprises in the large scientific community.   

 

What is the role of anchoring phenomena in this unit study? 
An anchoring phenomena serves as the context of what we want students to be able to apply their skills 
and knowledge to as the instruction unfolds over the course of the unit.  It is what we want them to be 
able to explain by the end of the unit of study.  And it also serves as an anchoring event, that provides 
the class with something that raises questions, controversy or competition explanations, a sense of 
“incompleteness” or dissatisfaction in our initial explanations of the phenomena.  And lastly it provides a 
daily motivation for each new lesson, guiding students to connect what they need to do next to what 
they need f to figure out still about the anchoring phenomena over the course of the rest of the unit.   

While many types of phenomena can be motivational in terms of questions they raise, controversy they 
engender, or a compelling reason/need to know how they work, productive phenomena for instruction 
must do even more.   

A productive phenomenon will help students connect the disciplinary core ideas in science to a causal 
explanation about how and why that phenomenon occurs.  And that phenomenon should belong to a 
whole class of other related phenomena that unfold/happen due to similar mechanisms.  That way as 
students figure out how to explain one phenomenon, they are developing a lens and model that they can 
use to apply and transfer to explaining a host of other phenomena. 

A collection of photographs of nine canids (3 domestic dogs, 3 sub-species of wild wolves, and 3 other 
related canids) coupled to a related question “Why Do These Organisms Look The Way They Do?” poses 
the anchoring phenomena that launch the unit.  It introduces organisms from the 3 case studies that are 
revisited and explained later in the unit.  

Why was the collection of 9 organisms (3 Domestic Dogs, 3 Sub-species of gray 
wolves, and 3 related other canids) chosen as the anchoring phenomena? 
The collection of these 9 organisms, the related question “Why Do These Organisms Look The Way They 
Do?” , and the case studies that refer to the anchoring phenomena, met the criteria we think help to 
determine if the anchoring phenomena would be a productive one to use for the learning goals of this 
unit.   

1) The phenomenon is one that students find comprehensible.   To transition about thinking 
about selection processes over deep time (macro-evolution) that employ indirect and often random 
mechanisms, we recognized the need to start with much smaller time scales and more direct processes 
to begin looking at how distributions of traits in populations can shift over time.   We use some of 
organisms in the Case Study Board, to investigate how dogs were domesticated over hundreds of 
years.  This is a scale of time scale that we felt students can visualize and relate to more easily and 
selective breeding employs mechanisms that are more direct and purposeful than those in 
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macroevolution.  Next we move to thinking about how sub-species of wolves developed over thousands 
of years.  Microevolution of sub-species moves the student into more indirect and non-intentional 
processes.  The last case study (evolutionary relationships between canis lupus and other canids) 
addresses selective forces that worked over millions of years, and involves multiple mechanisms of 
evolution, including many random processes. 
 
2) The phenomenon is one that draws on/out students’ prior conceptions.  Students have 
many experiences with dogs and their behavior that they can bring to the first case study.  Students 
who completed the previous ModelSim Population Biology unit will be relative experts on wolf behavior 
and will have that knowledge base to draw on as well.  
 
3) The phenomena is complex to explain, is “rich in that content”, but can be explained 
using grade level science content (DCIs) and prior grade band content.  An explanation of the 
selective breeding of dogs draws on middle school grade band content knowledge.  And explanation of 
sub-species of wolves requires both the middle school and the high school DCIs, and the explanation of 
the evolution of the “wolf-like” relatives of canis lupus, require high school DCIs.   
 
4) The phenomenon is observable.  All the species being studied in the anchoring phenomena on 
the Case Study Board are alive still today.  This requisite (still alive today) was considered an important 
starting off point for studying evolution, before investigating extinct species (a transition made at the 
very end of the unit).   The computer activities are particularly unique in that they make the 
phenomena of natural selection, genetic drift, adaptation, and even speciation, very observable.  And 
they are unique in that the agent-based modeling approach allows that phenomena to emerge, in part,  
from simple student interactions with the model.  The phenomenon is more than just an observable 
playback of a virtual movie.   As an interactive agent in the virtual ecosystem, the evolutionary 
phenomena emerge from how student(s) interact with the model.  Chase virtual bugs around to catch 
them, and the population become faster over time.  Wait for bugs to come to you, and the population 
becomes slower over time.  Furthermore, the computer code for these models is modifiable and 
accessible for students to play around with.  It is a very low threshold programming language.  And 
unlike most computer based simulations of evolution, NetLogo does not hide the underlying rules that 
make the model “tick” from the learner. The simulations need not be “black boxes” for the interested 
(or skeptical) student.  A simple click on the “procedures” tab of the model, and the assumptions of the 
model are exposed to the student.  We have seen some students in pilots of the unit, work on 
modifying the model code outside of class to try to model other evolutionary phenomena.   

 

5) The phenomena is grounded in a specific event in a specific context that still provides a 
sense of a "a puzzling case to figure out";  It is not overly exotic (so removed from 
everyday experiences, as to provide later roadblocks for transfer to analogous phenomena 
in the student's everyday experience). 
The nine initial organisms are subtly different from one another.  We tested the reaction of students 
(from grades 6 through 12) and adults to these organisms.  Almost all adults and students make the 
same predictions, correctly classifying the 3 domestic dogs, the 3 wolves, and the 3 non-wolves.  But 
when asked to articulate how they know, adults and students struggle with explaining exactly what it is 
about them that helps them tell.  They discuss traits, but soon recognize that size, color, proportions of 
physical features is conclusive to tell the creatures apart.  Indeed, the variation between dog breeds 
appears more extreme than between dogs and Maned Wolves (a distant Canid relative).  There must 
be some subtle differences in gait, posture, proportion, and many traits taken together, combined with 
years of experience of categorizing animals, that leads the learner to have such a nuanced ability to 
sense the differences between species.  But it is a classification ability that is difficult to articulate in 
words.  This in turn motivates trying to understand the phenomena more.  
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6) The questions that students typically pose about the phenomena are likely to help drive 
further investigations toward what we want them to figure out (the DCIs/cross-cutting 
concepts we want them to uncover). 

After the initial introduction to the case study students pose questions about the type of patterns they 
notice and potential mechanisms we want them to investigate. What exactly is the difference between 
these species?  Why do they look so similar, but are clearly not the same creature? What is a species?  
Where did the first dogs come from?  Can dogs and foxes have puppies?  Where do wolves live?  Do 
they hunt the same things in the wild?  Could dogs survive in the wild?   

7) The related questions that students raise about the phenomena lend themselves to 
being revisited across a unit of instruction.  Students revisit the organisms from the Case Study 
Board three times across the course of the unit.   These sub-phenomena of domestic dogs, sub-species 
of wolves, and canids that are not canis lupus, fall neatly into three case studies.  The first one 
provides context for students to explain how dog breeds are developed and how dogs descended from 
wild wolves.  The second provides context for students to explain why different sub-species of wolves 
have different trait variations.  And the last one provides context for explaining why there are different 
species of canids and their evolutionary relationship to canis lupus.  
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The Role of NetLogo Models and Related WISE technologies  

The ModelSim project approaches its four life sciences units (Evolution, Population Biology) with a 
distinctive and unified approach: in both of these subject areas, we encourage students to conceive of 
fundamental real-world phenomena in new ways.   And in each area we provide a computer learning 
environments for exercising this new way of thinking, which build on students’ intuitions to develop 
powerful and grounded understandings of ways to explain real-world phenomena 

This fundamentally new way of thinking is called “agent-based modeling.”  Within this perspective, 
complex phenomena are viewed as emerging from interactions between systems of simple elements, or 
“agents.”  By focusing on the behavior of these simple agents, and by using computational modeling to 
simulate interactions between many of these agents, scientists in a wide range of disciplines are 
introducing powerful new research methods. 

We believe that this cutting-edge approach is also powerful for learning science in a wide range of 
disciplines.  This is in part because the agent-based approach taps into student intuitions in subject 
areas, which are traditionally experienced as non-intuitive.  Indeed, research has shown that many 
incorrect ideas that learners have about aggregate phenomena (such as whether capacity for speed as 
resource built up in its lifetime and then “passed on” to its offspring, whether competition for resources 
between individuals only when there is an orchestrated planned and orchestrated effort on part of the 
individuals to outcompete one another).  

These incorrect but vivid ideas are actually powerful conceptual resources. They can be brought to bear 
in learning environments that show how the aggregate, complex phenomena emerge out of interactions 
between simple agents in the system.   

Once learners can identify and computationally interact with entities at this agent level, they can use their 
intuitions to guide reasoning about the emergent properties of the larger system.  For instance, once a 
student begins to see how the changing the amount of resources necessary for survival changes in an 
ecosystem changes the carrying capacity for a population of consumers, but changing the initial number 
of consumers does not, they can understand how carrying capacity is an emergent outcome  

To provide students with the means of getting to know systems in biology from agent-based 
perspectives, we have developed activities based on the award-winning NetLogo modeling 
environment.  NetLogo allows students to model and interact with complex systems computationally, first 
by specifying the behaviors of agents and then by simulating interactions among these agents and 
visualizing emergent properties at the aggregate level of the system.  In addition to on-screen 
computational simulations, the ModelSim project extends virtual agent-based modeling in two key 
ways:  bifocal modeling and participatory simulations. 

Bifocal Modeling 

In bifocal models, students are connecting computational behavior in virtual simulations with real-world 
phenomena by using the results of the model investigations to develop scientific principles to apply to the 
explanation of the real-world phenomena.   

In the biology units, these phenomena are taken from real-world case studies, such the historical record 
of selective breeding of dogs or the distribution of sub-species of wolves and their characteristics in 
different environments across the world. 
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The similarities and contrasts between virtual and physical real-world stimulate conceptual reflection and 
”experimentation” processes through which student adjust their conceptual models about the real world 
case study under consideration and their virtual models in concert, as the data they uncover in one 
context helps inform their thinking about the other context.    

Participatory Simulations 

Another means of helping students to make connections with agent-based models is through embodied, 
role-play activities in which learners take on the perspectives of agents in the system.  In these 
participatory simulations, each student individually controls the behavior of an agent in the simulation. 
The class as a whole embodies the system and experiences the simulation as a group.  Participatory 
Simulations thus give students the opportunity to gain experience both agent and aggregate 
perspectives, from vantage points both inside and outside of the systems being studied.  Although we all 
participate as elements in human complex systems, we rarely get to experience these systems at both 
micro- and macro- levels, as both actors and observers. Through the NetLogo HubNet architecture, we 
are able to provide this experience to classroom groups as they reflect on systems in science. Working in 
a local network of computers, students use the HubNet client to control the behavior of individual objects 
or agents and view the aggregated results in the host NetLogo environment, which runs on the teacher’s 
computer. 

Students use such simulations at three points in this unit of study.  In one they control the behavior of a 
selective breeder, working with a team of classmates to pair their bird stock together to have babies in an 
attempt to sculpt and shape the trait combinations in successive offspring to be closer to a desired 
phenotype.  In another, they play the role of one predator amongst many (their classmates are the other 
predators), hunting bugs in a flower field, on a beach, or on a glacier.  In the last such simulation, they 
play the role of either a predator or a mate hunting bugs in an environment of their own choosing (using 
photographs from the “wild”) as part of an experimental design investigating how adaptations emerge in 
populations. 
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The Driving Question Board and the Case Study Board 
 

This unit makes needs two display areas in the classroom to keep track of student’s questions, 
discoveries, and scientific principles the class develops.   

The first of these areas is the Driving Question Board.  It is composed of five separate 
sheets of butcher paper with sub-questions on them.  The space on each piece of butcher 
paper is left blank before the lesson it is used for.  Then at the end of each lesson, students 
post their discoveries on this sheet.  And the teacher summarizes the main scientific principle(s) 
that capture the students’ discoveries. 

 

An example of one of these from the end of one lesson is shown below.  Special thanks to 
Katahdin Cook Whitt at Dayton STEM School, Dayton OH.   

The categories for the post-it notes that students 
bring up are included in the teacher guide for the 
lesson, as is suggested scientific principles to help 
summarize the student discoveries (Shown on the 
green sheet on the bottom of the picture to the 
right.  This green sheen was added after student’s 
brought up their ideas to the Driving Question 
Board, posted them and discussed them with the 
class.  And, the teacher facilitated a consensus 
building discussion to help students consolidate 
those ideas. 
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The second display area used in the classroom is used to keep track of student’s questions, 
discoveries, and data related the case study they will be trying to explain in the unit.  It is called 
the Case Study Board.  An example of the board is shown below.  Starting in lesson 1 
students contribute questions and findings to the board when it has nothing more than the 9 
photographs on it (no labels or text).   The in its reorganized and labeled form shown below, is 
posted after initial predictions are made by students in the first lesson activity.  It is 
recommended that this board is built before the start of the unit (with titles and labels) and 
kept hidden from students until mid-way through the first lesson, when it is unveiled. 
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Description of the Activities in Each Lesson 
 

Lesson 1  Why Do These Organisms Look The Way They Do? 

 

Performance Expectation:    

• Ask questions and brainstorm ideas about why domestic dogs, wolves, Maned wolf, coyote, and 
African wild dog have many similar traits, but different characteristic variations. 

Description 

Students predict which photographs of 9 canids are of dogs or wolves and which are not. 
Students share their prior conceptions about why these organisms look the way they do with each other 
and then students share these ideas with the class.   Students create questions they want to figure out 
the answer to over the course of the unit and each student shares and posts one question to the case 
study question board. 

 

Lesson 2a  How Can I Influence Traits Through Selective Breeding? 

 

Performance Expectation 

• Conduct an investigation to influence the characteristics of virtual birds and their gene pool by 
selective breeding them in a cooperative participatory computer simulation. 

Description 

Students identify variations of traits that people might selectively breed for in cats and dogs.  
They then work in a team of 4 students to selectively breed virtual birds in a computer simulation where 
they cooperate with each other and compete against other teams of students to see which team can 
most quickly develop a fancy breed of bird.   

 

Bird Breeders NetLogo Model 

After analyzing the results of the simulation, the teacher facilitates a consensus building 
discussion through which the class identifies the mechanisms of selection in the model, including 
selection of which individuals will reproduce and which individuals will be removed from a population.  
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They also identify how allele selection (via. Meiosis) for passing on genetic information to offspring is a 
random selection processes.  And they describe how these mechanisms of selection influence the 
outcomes of the selective breeding. 

In their out-of class reading, they apply these experiences and understandings to describe how 
people have selectively bred corn, dogs, foxes, and cats for different trait combinations and how selective 
breeding in corn has changed the traits variation in these species over time.   

 

Lesson 2a  How Did People Develop Breeds of Dogs? 

 

Performance Expectation 

• Obtain and communicate information from text and verbal presentations about the physical and 
behavior traits, health issues, and breeding history for dog breeds and possible trait variations that 
would have been selected for in wild wolves to help early human settlements. 

Description 

Students choose a case study of a dog breed to learn more about the breeding history of this 
type of dog and its physical and behavioral traits.  They work in teams to develop a list of trait variations 
in wild wolves that people might have noticed and found useful in early human settlements.  And they 
describe how selective breeding might have removed some traits that would help dogs compete against 
wild wolves in natural ecosystems. 

In the out of class reading, students learn more about domestication of animals and the results of 
an experiment to attempt to domesticate foxes.  They develop a hypothesis about why house cats might 
have been first domesticated from wild cats through selective breeding. 

 

Lesson 3  Why Do Some Variations Become More Common and Others Disappear? 
(part 1) 

 

Performance Expectations 

• NGSS HS-LS4-3.  Analyze data from a computer investigation applying concepts of statistics and 
probability to support explanations that organisms with an advantageous heritable trait tend to 
increase in proportion to organisms lacking this trait. [Emphasis is on analyzing shifts in numerical 
distribution of traits in a histogram and using these shifts as evidence to support explanations.] 

 

Description  

The teacher demonstrates the model rules for the computer model.  Students use the computer 
model to assume the role of predator in a population of prey (bacteria).  They hunt bacteria using two 
different predation strategies, each of which generates a different selective pressure and a different 
outcome from natural selection.  They compare how the competitive advantage for different variations of 
speed in the prey changes based on these two types of interactions that occur with the predator.   
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Bacteria Hunt NetLogo Model 

At the end of class, the teacher develops a class consensus through discussion on the big ideas 
regarding the conditions necessary for natural selection and how these conditions leads to changes in the 
proportion of individuals that have advantageous characteristics will increase. 

In their out-of-class reading, students describe how a population of prey and predators would 
change over time due to natural selection, why bacteria have become more pesticide resistant over time, 
and what will eventually probably happen to populations of plants that pesticides are currently effective 
at killing off most of the individuals. 

 

Lesson 4   Why Do Some Variations Become More Common and Others Disappear? 
(part 2) 

 

Performance Expectation 

• NGSS HS-LS4-3.  Design and conduct an experiment to provide evidence to explain why organisms 
with different kinds of heritable traits tend to increase in proportion to organisms lacking this trait in 
different environment with no predators.. [Emphasis is on analyzing shifts in numerical distribution of 
traits in a histogram and using these shifts as evidence to support explanations.] 

 

Description 
         Students then design an experiment to explore how different distribution of food/water in an 
ecosystem and different metabolisms for different behaviors (due to a physical trait – flagella number) 
affect the outcomes of natural selection in population of virtual bacteria. 

.    
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Bacteria Food Hunt NetLogo Model 

Students present their initial results to the class and the class discusses possible explanations for 
why these different conditions yield different shifts in the distribution of trait variations from natural 
selection.  Groups return to their experimentation and develop their explanations further, and report 
these out at the end of their experimentation. 

At the end of class, through discussion the teacher develops class consensus on the big ideas 
regarding the conditions necessary for natural selection and revises the scientific principles from the last 
lesson.  

 

Lesson 5a:  Why Do Some Variations Become More Common and Others Disappear? 
(part 3) 

 

Performance Expectation 

• Design and conduct an experiment to determine the effect of meiosis on fluctuations in the 
distribution of traits in a population and alleles in a gene pool. [Emphasis is on analyzing traits and 
alleles in the population through visualization of virtual karyotypes and related bivariate graphs] 

 

Description 

Students experiment with fish reproduction in a virtual fish tank, noting changes in allele 
frequency due to results of meiosis and fertilization events.   

Students design experiments to investigate factors that affect loss of alleles from a population.  
They discover that the types of alleles that are lost from genetic drift are not predictable.  They find that 
smaller populations and small gene pools lose alleles more quickly due to genetic drift than larger 
populations and larger gene pools.   
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Fish Tank Genetic Drift NetLogo Model 

At the end of the lesson, the teacher helps build consensus  how genetic drift can lead to some 
trait variations becoming more common and others disappearing from a population.  

In their homework students apply the mechanism of genetic drift to show how two descendant 
populations of organisms could appear very different from one another and they read about population 
bottlenecks and founder effects in article about cheetahs.  

 

Lesson 5b: Why Do Different Sub-species of Wolves Have Different Trait 
Variations? 

Performance Expectations 

• HS-LS4-4  Build a model to show patterns in variations of a trait based on geographic location for 
different to support an explanation for whether natural selection or genetic drift most likely led 
to adaptation of the populations to its environment (in wolf sub-species). 
 

• Argue from evidence and critique other arguments for why some similarities and differences in trait 
variations between sub-species of wolves are more likely to be the result of natural selection rather 
than random selection events (genetic drift) or vice-versa. 

 

Description 

In this activity, students make predictions about how different initial conditions affecting amount 
of resources available in the ecosystem will affect the stability of the bug population size.   From their 
model runs, students record observations about fluctuations in population size and stable states 
(equilibrium levels) for each population to test their predictions.   

Through discussion, the teacher helps build consensus  about some of ways that populations 
sizes change in ecosystems – exhibiting minor fluctuations, cyclical fluctuations, while remaining relatively 
stable under certain environmental conditions.  They discuss how sustained environmental changes lead 
to new stable states for the ecosystem.   

In their homework students brainstorm other types of environmental changes and read about the 
sources of evidence scientists use to figure out how the environment changed in the distant past.  They 
read about some of the type of climate changes and biological changes that have occurred on earth over 
the past 3.5 billion years.  
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Lesson 6: How Do Adaptations Emerge In Populations? 
 

Performance Expectation 

• Conduct an investigation to provide evidence for an explanation of how natural selection and 
mutation work together to generate new adaptations in a population over time using a class-wide 
participatory simulation 

Description 

Students compete as a team in a bug hunt competition generating a simulated form of natural 
selection with an outcome being that a population of bugs becomes progressively better camouflaged 
over time.  They see how mutation is modeled as random changes, but slight changes to genetic 
information.   

They investigate the outcome that results when a population of gray bugs is placed against an 
image of a field of red flowers as they compete to find bugs to eat.  As each bug is eaten, a new 
offspring is asexually produced from one individual in the remaining population, with slight mutations in 
the genes that determine the pigments it produces (and resulting phenotype – color).   After studying the 
adaptations that results, they then change the environment (a new background image of a glacier) and 
repeat the natural selection simulation.  In this competition new colors emerge as adaptations for 
camouflaging, better suited to blending into the colors of glacier.   

 
Bug Hunters Camouflage Model 

Through discussion, the teacher helps build consensus about how populations adapt to an 
environment through mutation and natural selection, and how new trait variations emerge through these 
mechanisms that help the population become progressively better adapted to the environment over time.  

In their homework students look at examples of camouflaging in animals and compare the 
Lamarckian perspective vs. the Modern Synthesis perspective to address misconceptions about the 
mechanisms that drive adaptation.  
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Lesson 7: How Do Adaptations Emerge In Populations? 

 
Performance Expectation 

• Design and conduct an experiment using a team-based participatory simulation to investigate how 
natural selection and mutation work together to generate populations that become progressively 
better adapted for survival and/or reproduction over time in different environments.   

Description 

Students design an experiment in natural selection, using digital images they captured of the 
natural world (from the homework the previous night) as “background data” to include in the experiment.  
In the experiment they the model they used in the previous lesson, but they now choose which images 
(environment(s)) to use as a background.  They choose whether the players on their team will be all 
mates, all predators, or a combination of both for a population of bugs.  And they choose the initial 
variation in the colors of the bugs they will start with in each population.    

It’s likely that different groups will design different experiments.  Group will present their results 
to the rest of the class.  These results will motivate the revision/development of some of the scientific 
principles listed above. 

In the homework, students will read about examples of sexual selection (for mates).  And they 
will compare examples of traits for attention seeking behavior/traits that is displayed only for a limited 
time (e.g. during a mating season, or only when other mates are detected nearby) or in only one of the 
two sexes. 

 

Lesson 8: Where Do New Species Come From? 
 

Performance Expectation 

• Analyze data from a computer investigation applying concepts of statistics and probability to explain 
why adaptations for reproductive isolation can help reinforce specialized adaptations for survival for 
different niches within different gene pools in a population.  [Emphasis is on analyzing shifts in 
numerical distribution of traits in a histogram and using these shifts as evidence to support 
explanations.] 

Description 

The class revisits their definition of a species and discusses whether genetic drift alone could 
account for why new species emerge.    

They then use a computer model of plants in an ecosystem to explore how speciation always 
could also emerge from a single population over time under certain conditions.   
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Plant Speciation Model 

Through discussion, the teacher helps build consensus about why speciation might occur when 
mutation initiates the pathway to speciation, but natural selection and adaptation are the driving 
mechanisms that continue to reinforce the emergence of this outcome.  

In the homework they study examples of how speciation has been created in laboratory 
conditions with human intervention and contrast the mechanisms at work in real world ecosystems when 
new species emerge.  And they read Darwin’s finches on the Galapagos Islands as a real-world example 
of adaptive radiation. 

 

Lesson 9: How Are Different Species Related to One Another? 
 

Performance Expectations 

• Analyze data and make inferences about evolutionary relationships of four wolf-like species based on 
data about physical traits, reproductive behaviors, somatic chromosome count, habitat, and 
geographic distribution. 

• Construct a scientific explanation, based on evidence, for which species of Canid is most closely 
related to gray wolves (African wild dog, Maned wolf, or Coyote), and which is most distantly related. 
(related to HS-LS4-2) 

 

Description 

The class revisits the definition of a species and the mechanisms that can account for why new 
species emerge.   The class revisits the different species on the Case Study board, and make predictions 
about which of these species is most closely related and which is most distantly related to gray wolves. 

Students are assigned to groups of 3 to research one topic area to compare these species 
(African wild dog, Maned wolf, or Coyote).   They summarize the similarities and differences of this 
species compared to the gray wolf.  They report out their findings to their topic group of three and record 
the other members’ findings.  They create a ranking for which species is most closely and most distantly 
related to gray wolves based on this information. 

Then students are reassigned (jig-sawed) to join a group of 4 students, where they are the topic 
experts for the area their old group researched.  Each member reports out their rankings, and supporting 
evidences and all group members summarize each other’s rankings.  Then, as a group they analyze the 
ranking for each topic area to determine their summative claim for which species is most closely related 
and which is mostly distantly related to wolves.  They add this information to an evolutionary tree 
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diagram and provide written summaries of the evidence that supports their claim, and an explanation of 
the evolutionary mechanisms that may have been responsible for the formation of these species. 

Optional:  You might find it productive to have students may present and defend their final 
arguments to their classmates.	  	  

 

 

 

 

Lesson 10: Why Do Some Species Go Extinct and Others Evolve?   
 

Performance Expectation 

Note this activity lays additional ground work for this performance expectation, but does not yet address 
the clarification statement, which suggests that human impact related changes to the environment should 
be explored further to meet this PE: 

l HS-LS4-5. Evaluate the evidence supporting claims that changes in environmental conditions may 
result in: (1) increases in the number of individuals of some species, (2) the emergence of new 
species over time, and (3) the extinction of other species. [Clarification Statement: Emphasis is on 
determining cause and effect relationships for how changes to the environment such as 
deforestation, fishing, application of fertilizers, drought, flood, and the rate of change of the 
environment affect distribution or disappearance of traits in species.] 

 

Description 
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Storyline for the ModelSim Evolution    Driving Question: How Do Populations Evolve? 
In-class:  Steps or handout 

and  Teacher guide 
Lesson 

Question 
Phenomena / 

Evidence 
Performance 

Expectation(s) 
What Students Figure Out Out of class 

assignment 

In-class: (60 min) 

Introduction to Our Case 
Studies 

 

Teacher guide: 

1:Introduction to the Case 
Study Board 

Why Do These 
Organisms 
Look The Way 
They Do? 

Photographs of 
Canids. 

 

 

Ask questions and 
brainstorm ideas about 
why domestic dogs, 
wolves, Maned wolf, 
coyote, and African wild 
dog have many similar 
traits, but different 
characteristic 
variations. 

 

Any previously learned scientific 
principles relevant to the question 
(e.g. related to traits, genes, cells). 

 

In-class: (60 min) 

WISE Steps 2.1-2.8 

Teacher guide: 

2A: Selective Breeding 

How Can I 
Influence The 
Traits In A 
Population 
Through 
Selective 
Breeding? 

Data and graphs 
from team-based 
participatory 
simulation in 
NetLogo. 

 

 

Conduct an investigation 
to influence the 
characteristics of virtual 
birds and their gene pool 
by selective breeding 
them in a cooperative 
participatory computer 
simulation. 

 

Selective breeding has 3 mechanisms 
that influence its outcomes: 1) which 
alleles are randomly passed on 
through meiosis and fertilization, 2) 
intentional selection of mates by the 
breeder and 3) intentional removal of 
others from the population by the 
breeder. 

Selective breeding can result in 
individuals with new combinations of 
traits and populations with different 
gene pools.  

Reading 2.1 
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In-class:  Steps or handout 
and  Teacher guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation(s) What Students Figure Out Out of class 
assignment 

In-class: (60 -90 min) 

In-class Case Study #1 
Activity Sheet 

In-class Case Study #1 
Data Packets (1A, 1B, 2C, 
2D, 3E, 3F) 

Teacher guide: 

2B: Dogs From Wolves-  
Case Study #1 

How Did 
People 
Develop 
Breeds of 
Dogs? 

Data packets 
about one breed 
of domestic dogs 
(physical traits, 
behavioral traits, 
health issues, 
and breeding 
history) 

 

 

Obtain and communicate 
information from text and 
verbal presentations about the 
physical and behavior traits, 
health issues, and breeding 
history for dog breeds and 
possible trait variations that 
would have been selected for 
in wild wolves to help early 
human settlements. 

A series of hypothesis that 
address the lesson question in 
relation to how the first domestic 
dogs were bred from wild wolves. 

Reading 2.2 

In-class:  (60 min) 

WISE Steps 3.1-3.7 

 

Teacher guide: 

3: Natural Selection: 
Predation 

Why Do Some 
Variations 
Become More 
Common and 
Others 
Disappear? 

 

Screenshots of 
graphs 
(histograms) and 
model runs from 
individual student 
investigations 
shared with class. 

 

Analyze data from a computer 
investigation applying concepts 
of statistics and probability to 
support explanations that 
organisms with an 
advantageous heritable trait 
tend to increase in proportion 
to organisms lacking this trait.   
NGSS HS-LS4-3.  [Emphasis 
is on analyzing shifts in 
numerical distribution of traits 
in a histogram and using these 
shifts as evidence to support 
explanations.]  

Natural selection occurs only if 
there is both (1) variation in the 
genetic information between 
organisms in a population and (2) 
variation in the expression of that 
genetic information—that is, trait 
variation—that leads to 
differences in performance 
among individuals.  

As a result of natural selection, 
distribution of traits in a 
population can change when 
interactions in the ecosystem 
change. 

Reading 3.1 
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In-class:  Steps or handout 
and  Teacher guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation(s) What Students Figure Out Out of class 
assignment 

In-class:  (60 min) 

WISE Steps 4.1 - 4.9 

 

Teacher guide:   

4: Natural Selection:  Food 
& Metabolism 

 

Why Do Some 
Variations 
Become More 
Common and 
Others 
Disappear? 

 

Screenshots of 
graphs 
(histograms) and 
model runs from 
individual student 
investigations 
shared with class. 

 

Design and conduct an 
experiment to provide 
evidence to explain why 
organisms with different kinds 
of heritable traits tend to 
increase in proportion to 
organisms lacking this trait in 
different environment with no 
predators.   NGSS HS-LS4-3. 
[Emphasis is on analyzing 
shifts in numerical distribution 
of traits in a histogram and 
using these shifts as evidence 
to support explanations.] 

Revise this previous principle 
(bold is newly added):  As a 
result of natural selection, 
distribution of traits in a 
population can change when 
interactions in the ecosystem 
change or environmental 
conditions change, this 
tends to lead to organisms 
that are well suited for 
survival in particular 
environments. 

 

 

In-class:  (60 min) 

WISE Steps 5.1 - 5.13 

Teacher guide: 

5a: Genetic Drift  

Why Do Some 
Variations 
Become More 
Common and 
Others 
Disappear? 

 

Screenshots of 
graphs (bivariate 
lines) and model 
runs from individual 
student 
investigations 
shared with class. 

 

Design and conduct an 
experiment to determine the 
effect of meiosis on 
fluctuations in the distribution 
of traits in a population and 
alleles in a gene pool. 
[Emphasis is on analyzing 
traits and alleles in the 
population through 
visualization of virtual 
karyotypes and related 
bivariate graphs] 

Some shifts in the distribution 
of traits in a population are the 
results of random selection 
events (such as meiosis). 

Alleles/genes can disappear 
from gene pools from random 
events; this also can lead to a 
population dominated by 
organisms that are different 
from other ancestor 
populations. 

Reading 5.1  

 

Optional:   
Reading 5.2 
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In-class:  
Steps/handout 
Teacher guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation What Students Figure 
Out 

Out of class 
assignment 

In-class:  (90 min) 

In-class Case Study#2 
Activity Sheet 

In-class Case Study 
#2 Data Packet  

Teacher guide: 

5b: World Wolves: -
Case Study #2 

Why Do 
Different Sub-
Species of 
Wolves Have 
Different Trait 
Variations? 

Data Packets on traits 
in different wolf sub-
species and 
environmental 
conditions and 
locations of their 
habitats. 

Build a model to show patterns in 
variations of a trait based on 
geographic location for different to 
support an explanation for whether 
natural selection or genetic drift most 
likely led to adaptation of the 
populations to its environment (in 
wolf sub-species).  HS-LS4-4. 

Argue from evidence and critique other 
arguments for why some similarities 
and differences in trait variations 
between sub-species of wolves are 
more likely to be the result of natural 
selection rather than random selection 
events (genetic drift) or vice-versa. 

A model and related 
scientific explanation 
that answers the lesson 
question. 

 

In-class:  (60 min) 

WISE Steps 6.1 -6.10 

 

Teacher guide: 

6: Adaptation 
Explorations 

How Do New 
Adaptations 
Emerge In 
Populations? 

Graphs (bivariate 
lines) and phenotype 
& genotype data from 
class-wide 
participatory 
simulation results in 
NetLogo. 

Conduct an investigation into how 
natural selection and mutation work 
together to generate new adaptations 
in a population over time using a class-
wide participatory simulation. 

 

 

Mutations add new traits 
into a population when 
random errors occur in 
the replication of genetic 
information and are 
inherited by offspring. 

A new trait inherited 
from a mutation might 
grant individual(s) a 
competitive advantage 
for survival in an 
environment (an 
adaptation), or a 
competitive 
disadvantage, or neither. 

Reading 6.1  
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In-class:  
Steps/handout 
Teacher guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation What Students Figure Out Out of class 
assignment 

In-class: (60 min) 

WISE Steps 7.1-7.11 

Teacher guide: 

7: Adaptation 
Experimentation 

How Do New 
Adaptations 
Emerge In 
Populations? 

Graphs 
(bivariate lines) 
and phenotype 
& genotype data 
from class-wide 
participatory 
simulation 
results in 
NetLogo. 

Design and conduct an 
experiment using a team-
based participatory 
simulation to investigate 
how natural selection and 
mutation work together to 
generate populations that 
become progressively 
better adapted for survival 
and/or reproduction over 
time in different 
environments.   

Revise this prior principle to include the 
bold:  A new trait might grant 
individual(s) a competitive advantage for 
survival and/or reproduction in an 
environment (an adaptation), or a 
competitive disadvantage, or neither. 

Advantageous traits tend to accumulate 
in populations over many generations 
yielding a population progressively better 
adapted to survive and reproduce in an 
environment over time. 

Homework: 
Take digital 
photo(s) of 
environment 
and send to 
your web based 
email account 
to access the 
next day at 
school 

 

Reading 7.1 

In-class: (60 min) 

WISE Steps 8.1-8.13 

Teacher guide: 

8:  Speciation 

 

Where Do New 
Species Come 
From? 

Graphs 
(histograms) 
and model runs 
results from 
simulation 
investigation in 
NetLogo 

Analyze data from a 
computer investigation 
applying concepts of 
statistics and probability to 
explain why adaptations 
for reproductive isolation 
can help reinforce 
specialized adaptations for 
survival for different 
niches within different 
gene pools in a population.  
[Emphasis is on analyzing 
shifts in numerical 
distribution of traits in a 
histogram and using these 
shifts as evidence to 
support explanations.] 

New species emerge from old species (a 
group of organisms that is capable of 
interbreeding only between each other 
to produce fertile offspring). 
 
Speciation can occur when specialization 
for survival in different niches is available 
to a population; this specialization 
opportunity can tend to reinforce 
adaptations that lead to greater 
reproductive isolation between those 
populations. 
 
Speciation can occur when geographic 
isolation leads to separate populations 
that, due mutation and genetic drift, 
develop genes and corresponding traits 
in descendent populations that make 
them less reproductively compatible with 
each other over time. 

 

Reading 8.1 

 

Reading 8.2 
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In-class:  Steps or 
handout and  Teacher 

guide 

Lesson 
Question 

Phenomena / 
Evidence 

Performance Expectation What Students Figure Out Out of class 
assignment 

In-class: (60-90 min) 

In-class Case Study #3 
Activity Sheet 

In-class Case Study #3 
Data Packets (A, B, C, D) 

Teacher guide:     

9: Macroevolution and 
Case Study #3 

How Are 
Different 
Canid 
Species 
Related To 
One 
Another? 

Data Packets 
on traits and 
genetic 
information in 
different 
“wolf-like” 
species and 
environmental 
conditions and 
locations of 
their habitats. 

Analyze data and make inferences 
about evolutionary relationships of 
four wolf-like species based on data 
about physical traits, reproductive 
behaviors, somatic chromosome 
count, habitat, and geographic 
distribution. 

Construct a scientific explanation, 
based on evidence, for which 
species is most closely related to 
gray wolves (African wild dog, 
Maned wolf, or Coyote), and which 
is most distantly related (related to 
HS-LS4-2.) 

A scientific explanation that answers 
the lesson question. 

Reading 9.1 

In-class: (60 min) 

In-class Activity Sheet 
10.1 

Teacher guide: 

10: Extinction and 
Evolution  

Why Do 
Some 
Species 
Go Extinct 
and 
Others 
Evolve? 

Graphs of data 
related to 
mass 
extinction 
events 

Note this activity lays additional 
ground work for this performance 
expectation: 

HS-LS4-5. Evaluate the evidence 
supporting claims that changes in 
environmental conditions may result 
in: (1) increases in the number of 
individuals of some species, (2) the 
emergence of new species over 
time, and (3) the extinction of other 
species. [Clarification Statement: 
Emphasis is on determining cause 
and effect relationships for how 
changes to the environment such as 
deforestation, fishing, application of 
fertilizers, drought, flood, and the 
rate of change of the environment 
affect distribution or disappearance 
of traits in species.]  

The chances that a species will go 
extinct, rather than evolve is 
influenced by many factors, including: 
1) the resources available needed for 
survival and reproduction, 2) the 
current size of the population 3) the 
other populations the species is 
competing against for those resources, 
4) the amount of trait variation and 
diversity of alleles in the gene pool of 
the species, and 5) the size and 
abruptness of environmental changes. 

The fossil record shows that over the 
billions of years that life has been on 
Earth, most species that once lived 
have gone extinct, and that after mass 
extinction events, species that survive 
tend to adapt and often speciate to fill 
vacant niches in their ecosystems. 
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The Recommended Prior ModelSim Unit  
 
There unit can be taught either on its own as a standalone unit or in sequence, after a prior ModelSim 
Unit on population biology, How Do Populations Change?   While both the prior population unit and this 
evolution unit can be taught separate from one another, both units complement each other well, and 
teaching the population unit at some point in time before this ModelSim unit during the same course of 
study provides some potential learning gains for many reasons.  Students who do both units typically 
demonstrate: 
 

• Greater literacy in the use of the computational tool they use in both units.  In the first few 
computer activities in the Population Biology unit, students become familiar with how the 
NetLogo interface works. And they are explicitly taught how to interpret data in the models (e.g. 
histograms and bivariate line graphs).  In the current evolution unit, students jump into using 
progressively more complex models, without these orientation scaffolds being built into the 
activities.   
 

• A greater familiarity with and willingness to critique the underlying assumptions of the models 
they use.  In some classroom pilots, we have observed that some students modify the code of 
the computer models outside of class to develop new models. 

 
• Reapplication and reuse of scientific principles learned in the population dynamics in their 

explanations and arguments they make in evolution unit.  The principles related to competition, 
resources necessary for survival, and interactions in ecosystems, competition between 
populations, and extinction, end up being important contributing mechanisms to explain 
evolutionary phenomena. 

 
• Growing fluency in how they engage in the scientific practices.  Both the Analyzing data and 

Constructing Explanations practices are grounded in working with evidence.  And in both units, 
every lesson has evidence at the center of work that the students are doing.  They around 
generate evidence from their own computer investigations and from related real-world case 
studies.  Their ability to analyze evidence (particularly from graphs) and critique explanations 
(whether their own or a classmates), tends to grow quickly, because of how these scientific 
practices are continually revisited in both units.  Increased student buy into engaging in two 
other scientific practices:  Asking Questions and Arguing From Evidence.  Doing both units back 
to back into the need to “going public” with their findings to contribute to the “what we figured” 
out, and, as both units use a very similar structure and role for students as investigators and the 
teacher as discussion facilitator. 
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How to setup accounts and use WISE to get to student and 
teacher resources: 

ModelSim WISE FAQ: http://modelsim.tech.northwestern.edu/info/?page_id=498 

Getting started: http://abmplus.tech.northwestern.edu:8080/webapp/pages/gettingstarted.html 

WISE FAQ: http://abmplus.tech.northwestern.edu:8080/webapp/pages/teacherfaq.html 
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Non-Computer Based Supplies and Materials for All Lessons 
 

Supplies 
• 1 Large index card, post-it or 1/2 sheet of paper and marker per student – for all lessons 
• Copies of all HW and Handouts - for each lesson 
• Poster Paper for Driving Question Board - for all lessons 
• Case Study Board (lesson 1 and beyond) 
• Highlighters (Lesson 3, Lesson 5b, and Lesson 9)  
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Lesson 1:  Why Do These Organisms Look The Way They Do?  
 

Overview: 
Purpose:   
The purpose of this activity is to 1) introduce some of the cases that students will study over the course of the 
unit, and 2) draw out student prior conceptions about what caused dog breeds, wolf sub-species, and wolf-like 
species to have different traits.   
 
The primary purpose for the teacher is to use this activity as a form of prior conception research on what you 
students may say or already know in this unit.   Students bring in many prior conceptions related to how they 
think populations  change over time, whether humans are always responsible or not, whether individuals evolve 
or populations evolve, and how organisms are or are not related to one another.   It can be very useful to know 
ahead of time some of the prior conceptions you will be able to build upon, which ones may be more challenging 
for students to change, and which ones will be productive areas for further investigation. 
 
Performance Expectation 
 

l Ask questions and brainstorm ideas about why domestic dogs, wolves, Maned wolf, coyote, and African 
wild dog have different many similar traits, but different characteristic variations. 
 
.   

Scientific Principles (Re)Discovered 
• Review of any old scientific principles related to cells, DNA, genes, proteins, traits, and patterns of 

inheritance that students learned in prior units relevant to this one. 
 
Description of the Lesson 

Students predict which photographs of 9 canids are of dogs or wolves and which are not.  The teacher 
introduces the case study board. Students share their prior conceptions about why these organisms look the way 
they do with each other and then students share these ideas with the class.   Students create questions they want 
to figure out the answer to over the course of the unit and each students shares and posts one question to the case 
study question board. 

Giving time for every student to share out the questions help build stronger ownership (from students) in 
figuring out the case studies later in the unit, engenders a great sense of mystery about these cases (why they are 
the way they are), and can help students become dissatisfied with their own explanations as they hear other 
students ideas.  
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Lesson Details: 
 

Time 45-60 min.  for discussion based launch format   
 

Materials 
 
Per Student 

l Introduction to Our Class Case Studies Sheet. 
l Index card(s) and marker 

 
For the teacher 

l Transparency for cases.pdf  found in  the zip file for Case Study Introduction handout and printouts. 
l Case Study Board (CSB)  (built before class and hidden until the last part of the lesson):  Use Case 

Study Board – Full sheet photos pdf or Case Study Board found in  the zip file for Case Study 
Introduction handout and printouts. 

 
Lesson Outline and Timing 
 
Launch  

• Display the pictures of the 9 organisms.  And have students record their predictions. (3 min).   

• Share answers to predictions and introduce class case study board.  (2 min.) 
 Explore  

• Explain purpose of page 3 and assign students to work on this individually  (10 min).   
• Students share their explanation with a group (15 min.) 

Summarize 

• Students write individual questions down for the case study board (5 min.) 

• Students share out questions for case study board (25 min). 

 
Lesson Enactment Details 
 
Before the class starts:   
Build the Case Study Board (CSB)  driving shown below before class starts and keep it covered or hidden until after 
students make predictions using the pdf of the unsorted pictures of these organisms.   To make the case study board, use a 
large piece of butcher paper, print out color pictures of the 9 cases on full or half sheets of colored paper and stick them to 
the paper with the labels shown in the example.   Note:  If you have taught the Populations Dynamics unit in WISE already, 
you may wish to add a post it to the Great Plains Wolf that indicates it is the sub-species wolf that is found on Isle Royale 
(the previous case study from that unit).  IMPORTANT SPOILER ALTERT:  KEEP THE CSB hidden until after 
students make their predictions in the launch of the lesson (page 1 of their activity sheets). 
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Our Case Study Board: 
Why Do They Look The Way They Do? 

 

Individuals of the same species (canis lupus) 
 

 
Redbone Coonhound 

   
St. Benard 

 
Basenji 

 
Egyptian Wolf  

Great Plains Wolf 

 

 
Artic Wolf 

 
Individuals of 3 different species 

 

 
Coyote 

 
Maned wolf 

 
African wild dog  
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Launch:   
Tell students that you would like them to observe some phenomena and make some predictions.  Tell them to not 
share their predictions with other students until you tell them to do so.  Project the Transparency for cases (pdf) 
[in color] as you pass out the Introduction to Our Class Case Studies sheets. 
 
Have students take 1 minutes to make predictions on the first page.  Then have them share their predictions with 
a partner and explain why they made the predictions they did for 2 minutes. 
 
Have students turn the paper to the second page and read through the text on this side together, and have them 
answer the question on the bottom of the page. 
 
Then tell students, that many common names for wild animals that look like the Kalak or Wildhond use the word 
dog or wolf, because people thought they shared lots of trait variations in common with wolves and dogs.  And 
though this is true, these animals are different species than wolves or dogs, which means they don’t interbreed 
with dogs or wolves and produce fertile offspring.  On the other hand, all the dogs and wolves in the picture can 
interbreed with each other and produce fertile offspring, even though they have many variation that appear 
different from each other. 
 
Post the Case Study Board (CSB)  and introduce the question for these case studies, “How Come They Look the 
Way They Do?” 
 
Assign  3rd page for students to complete individually.  Give them about 10 minutes to do this.  Then have 
groups of 3 to 4 students share their explanations with one another for about 10 to 15 minutes.  Continue with the 
rest of the directions below if your are enacting option 1 for this lesson. 
 
Once all group members have shared with each other, ask students to share out ideas they wrote or heard from 
other group members.  Accept all ideas.  This is an opportunity for you to assess student’s prior knowledge.  
After hearing a dozen or so ideas, have each students write a question they want to try to link to case study board 
or a new case they want the class be able to explain (page 4).  Tell students that they may have cases of other 
dogs or other animals, such as pets that they want to use as cases (such as types of fish or cats or birds that look 
similar or different, etc.…)  Cases should describe a description of the trait variation between two different 
individuals.   Have students commit to writing either a case or question on an index card. 
 
Tell students that you want them to share and post their questions one at a time next to the Case Study Board.  
But remind students to think about previously shared questions and try to link their question or case to someone 
elses, by posting it near that person’s card and explaining to class why you think it is linked to their question.  
The first person who goes will have no other card to link to, so that first person must be someone who can link to 
a picture or question on the case study board. 
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Examples of these kind of questions and cases from a classroom of 8th grade students that investigated the 
question “Why Do I Look The Way I Do?” and started with human traits as their first phenomena, generated the 
following questions and related cases 
 

Example Questions Example Cases 

 
 

 
 
Notice that the distinction between a question and a case isn’t clear cut and there is some overlap between the 
two.  That is ok.  The goal is try to provide real world examples as well as personally relevant questions that 
students want the “science they learn”.  These questions will end up being ones that they should be able to 
answer by the end of their unit of study, particularly if you have asked them to link into one another questions 
and the case study board.  This process helps students realize the goal of the unit will be to create a unify 
framework scientific principles that can be used to account for everyone cases/data and develop 
explanation/models that can help answer almost any question. 
 
Collect the Introduction to Our Class Case Studies handout, to further evaluate student’s prior conceptions on 
page 3.  Use this question to determine if there is any old scientific principles related to cells, DNA, genes, 
proteins, traits, and patterns of inheritance that students learned in prior units in your classroom relevant to this 
one that should be reposted/reviewed with class before the next lesson.  Below is a list of disciplinary core ideas 
that students should know coming into the unit. 

 

LS1.A Structure and Function 

• All cells contain genetic information in the form of DNA molecules. Genes are regions in the DNA that 
contain the instructions that code for the formation of proteins.  

• Each chromosome consists of a single very long DNA molecule, and each gene on the chromosome is a 
particular segment of that DNA.  The instructions (alleles) for forming species’ characteristics are carried in 
DNA. Genes are located in the chromosomes of cells, with each chromosome pair containing two variants of 
each of many distinct genes. Each distinct gene chiefly controls the production of specific proteins, which in 
turn affects the traits of the individual.  
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LS3.A: Inheritance of Traits  

• Organisms reproduce, either sexually or asexually, and transfer their genetic information to their offspring.  

• Variations of inherited traits between parent and offspring arise from genetic differences that result from the 
subset of chromosomes (and therefore genes) inherited.  

• Changes (mutations) to genes can result in changes to proteins, which can affect the structures and functions 
of the organism and thereby change traits.   

LS3.B: Variation of Traits  

• In sexually reproducing organisms, each parent contributes half of the genes acquired (at random) by the 
offspring.  Individuals have two of each chromosome and hence two alleles of each gene, one acquired from 
each parent. These versions may be identical or may differ from each other.   

• In addition to variations that arise from sexual reproduction, genetic information can be altered because of 
mutations. Though rare, mutations may result in changes to the structure and function of proteins.  
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Printable for Case Study Board 
From http://en.wikipedia.org/wiki/Redbone_Coonhound 

 
 

 

Redbone Coonhound 
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Printable for Case Study Board 
From http://en.wikipedia.org/wiki/St._Bernard_(dog) 

 

 

St. Bernard 
 
 
 



9 
ModelSim Evolution 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

9 

Printable for Case Study Board 
Image from http://en.wikipedia.org/wiki/Basenji 

 
 

 

Basenji 
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Printable for Case Study Board 
 
 

 

Egyptian Wolf  
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Printable for Case Study Board 
 

Image from http://www.isleroyale.org 
 

 

Great Plains Wolf  
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Printable for Case Study Board 
 

Image from http://upload.wikimedia.org/wikipedia/commons/a/ae/Arctic_wolf_Berlin.JPG 
 
 
 

 

Arctic Wolf  
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Printable for Case Study Board 
Image from http://es.wikipedia.org/wiki/Canis_latrans#mediaviewer/Archivo:Canis_latrans.jpg 

 

 

Coyote  
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Printable for Case Study Board 
Image from http://en.wikipedia.org/wiki/Maned_wolf#mediaviewer/File:Chrysocyon.brachyurus.jpg 

 
 

 

Maned Wolf  
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Printable for Case Study Board 
Image from http://en.wikipedia.org/wiki/African_wild_dog#mediaviewer/File:LycaonPictus.jpg 

 

 

African Wild Dog  
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Lesson 2A: “How Can I Influence The Traits In A Population Through 
Selective Breeding?” 

 
Overview: 

Purpose:   
The purpose of this activity is to 1) familiarize students with the process of selective breeding and its outcome 
(change in trait variations in a population and changes in the gene pool) and  2) Distinguish between three types 
of selection events: 

• Intentional selection of which individuals to breed 
• Intentional selection of which individuals to remove from a population 
• Random selection of which allele is passed to an offspring from each parent 

 
Prerequisite Knowledge: 
LS2.A Interdependent Relationships in Ecosystems 

• Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can 
support. These limits result from such factors as the availability of living and nonliving resources and from 
such challenges such as predation, competition, and disease. Organisms would have the capacity to produce 
populations of great size were it not for the fact that environments and resources are finite. This 
fundamental tension affects the abundance (number of individuals) of species in any given ecosystem.   

• A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively 
constant over long periods of time under stable conditions. If a modest biological or physical disturbance to 
an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as 
opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any 
population, however, can challenge the functioning of ecosystems in terms of resources and habitat 
availability . 

LS1.A Structure and Function 

• All cells contain genetic information in the form of DNA molecules. Genes are regions in the DNA that 
contain the instructions that code for the formation of proteins.  

• Each chromosome consists of a single very long DNA molecule, and each gene on the chromosome is a 
particular segment of that DNA.  The instructions (alleles) for forming species’ characteristics are carried in 
DNA. Genes are located in the chromosomes of cells, with each chromosome pair containing two variants of 
each of many distinct genes. Each distinct gene chiefly controls the production of specific proteins, which in 
turn affects the traits of the individual.  

LS3.A: Inheritance of Traits  

• Organisms reproduce, either sexually or asexually, and transfer their genetic information to their offspring.  

• Variations of inherited traits between parent and offspring arise from genetic differences that result from the 
subset of chromosomes (and therefore genes) inherited.  

• Changes (mutations) to genes can result in changes to proteins, which can affect the structures and 
functions of the organism and thereby change traits.   
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LS3.B: Variation of Traits  

• In sexually reproducing organisms, each parent contributes half of the genes acquired (at random) by the 
offspring.  Individuals have two of each chromosome and hence two alleles of each gene, one acquired from 
each parent. These versions may be identical or may differ from each other.   

• In addition to variations that arise from sexual reproduction, genetic information can be altered because of 
mutations. Though rare, mutations may result in changes to the structure and function of proteins. Some 
changes are beneficial, others harmful, and some neutral to the organism.  

 
Performance Expectation 
 
• Conduct an investigation to influence characteristics of virtual birds and the gene pool of their population by selective 

breeding them in a cooperative participatory computer simulation. 
 
Scientific Principles (re)Discovered in this Activity 

 
ñ Selective breeding has 3 mechanisms that influence its outcomes: 1) intentional selection of mates, 2)  

which alleles are randomly passed on via. meiosis, and 3) intentional removal of others from the 
population. 

 
 
Description of the Lesson 

Students identify variations of traits that people might selectively breed for in cats and dogs.  They then 
work in a team of 4 students to selectively breed virtual birds in a computer simulation where they cooperate 
with each other and compete against other teams of students to see which team can most quickly develop a fancy 
breed of bird.   

After analyzing the results of the simulation, the teacher facilitates a consensus building discussion 
through which the class identifies the mechanisms of selection in the model, including selection of which 
individuals will reproduce and which individuals will be removed from a population.  They also identify how 
allele selection (via. Meiosis) for passing on genetic information to offspring is a random selection processes.  
And they describe how these mechanisms of selection influence the outcomes of the selective breeding. 

In their out-of class reading they apply these experiences and understandings to describe how people 
have selectively bred corn, dogs, foxes, and cats for different trait combinations and how selective breeding in 
corn has changed the traits variation in these species over time.   
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Lesson Details: 
 

Time 60 min. 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 
l Individual copy of Reading 2.1 - Selective Breeding (to be assigned for completion outside of class) 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
 
Lesson Outline and Timing 
 
 
Launch  

• Introduce driving question and introduce today’s lesson question– (2 min.) 

• Review step 1.1 and previous scientific principles we know about inheritance (5 min.) 

• Do step 1.2 together – intro. Litter, trait, variation, and complete this together (2 min.) 

• Discuss purebred, gene pools and selecting individuals to mate  and then do step 1.3 together – 
discuss (4 min) 

• Demonstrating the interface using the Screencast  (5 min.) 
 Explore    

• Teacher assigns teams and students launch and join their team exploration (step 1.4) (2 min). 

• Students breed birds (step 1.5) (10 min) 

• Students record observations and follow-up question responses (step 1.6 through 1.7).  Step 1.7 
is recommended, but not required if time is short -  (6 min) 

Summarize  

• Student’s complete Follow-up questions  and share this with a partner (step 1.8)– (5 min.)  

• Consensus building discussion – (18 min.) 
 

 



ModelSim Evolution 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

4 

Lesson Enactment Details 
 
Before the class starts:   
 
Build the driving question board below before class starts.  This is different than the case study board introduced in the last 
activity.  Large pieces of butcher paper for each section are recommended.  It is typically easiest to use the same driving 
question board for each class, so when you add your class discoveries to each section, it is recommended you temporarily 
tape those in.  That will allow you to remove them before the next class. 
 
Note:  If you have taught the Populations Biology unit in WISE already, then you will want to also put up the old 
driving question board (as it a related driving question,, “How do Populations Change?”.  In it, students have 
developed some important ideas related to interactions, resources, competition, stability, fluctuations, carrying 
capacity, predation, and trait variations in that unit that will be built upon in this unit). 
 
For this new unit, the driving question is “How do Populations Evolve?”  Under this write the space for the six 
lesson questions you will investigate.  Leave space under each lesson question to make bulleted notes about what 
the class discovers related to each question.    An example of this is shown here 
 

 
 
 
Launch:   
Tell students that you are going to study this driving question over the next two weeks of study, “How Do 
Populations Evolve?”  And say that the answers to this question will help us explain the cases we introduced last 
time.   This board is where we will keep track of our Discoveries and big ideas.  In order to study this driving 
question, the class will look at a new lesson question each day.   Tell students that one of the goals by the end of 
the lesson will be able to answer the lesson question, and the other will be to be able to develop ideas we can use 
to help answer the driving question.   
 
Point out the first question that they will investigate will be “How Can Selective Breeding Change Populations?” 
 
Ask students if they have ever heard of people who people who breed dogs for a living?  Some students will say 
yes.  Ask students for some example of other organisms that they think people will breed for a living. 
 
Tell students that they are going to use a computer system that will allow them to simulate breeding different 
organisms together.  
 

• Have students log into WISE and start the Evolution Unit. 
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You too will want to log into WISE in teacher mode, but will be projecting some of the images from the student 
view.  To do this click on the Teacher Home tab.  You will see a list of all the active runs you have 
started for each class period. For the current class that you are teaching.  In the example below, the 
first row show the Student Activity for this Teacher’s Period 1 class 
 

 
 

Look for the Grading & Tools Column to the right.  Under that look for the Project: Preview link.  Click 
on the link that says Preview. 

 
 

• Show Step 1.1    Ask students to go to step 1.1 and show this step to students (project it as a 
transparency or computer projector).   

 
 
Remind students of what they discovered in previous activities related to patterns of inheritance.  Discuss some 
previously learned scientific principles learned about Patterns of Inheritance: 
 

l Organisms that sexually reproduce can generate new combinations of trait variations in their offspring, 
since each parent contributes half of the genetic information for every trait to their offspring. 

l  When a parent has two alleles for a trait, there is a 50/50 chance that an offspring inherits either of 
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these alleles 
l Sometimes genetic information for trait variations is hidden or masked by expression of the dominant 

alleles for the same trait.  
 
If these principles are not already posted in the room, you may want to add them to the driving question board. 
 
Introduce the idea of a litter of offspring as a number of siblings born all at once from two animals.   Ask how 
many students have ever seen a litter of kittens, puppies, piglets, or rabbits?  
 

• Have students go to step 1.2 and complete it during the following discussion;  
 
Discuss what traits appear different in each of the kittens:  What variations do students observe in kittens traits?  
Have students write down some of the variations they see in spottedness.  Students may say “spotted” and “non-
spotted.  On their activity sheets have students write down variations they see in the color of fur on the paws.  
Students may say “gray”, “black”, “tan”, “white”, and “black and white”.  Specific wording of the variations 
or the number of variations recorded is not important.  The goal is to recognize the idea of the trait being the 
“name of the category for the attribute” and the variations being the possible “values” and that traits can have 
more than 1 variation is the key idea.  
 
Ask students if they suspect that either of the parents have the same variations in their traits as one of the kittens?  
Accept all answers.  Students may argue it’s hard to know since parents don't always look exactly like their 
offspring.  Ask whether a kitten inherits alleles from only one parent or both?  Students should say both. 
 
And ask if all of these kittens were born from the same two parents why don't all the kittens look identical?  
Students should say that different offspring might inherit a different half of genetic information from each parent 
for each trait.  This general idea should already be on the driving question board, but if not added it now. 
 
Introduce the idea of a gene pool by first asking whether the offspring (the kittens) of the cats would likely have 
the same alleles (genetic information).  Students should provide reasons why not. Since there are 5 very different 
looking cats, and only two parents, the genetic information (alleles) must be in different combinations or 
frequencies in the offspring than in the parents.   
 
Say that scientists often think about what alleles are in a population as well as what traits they can observe in the 
population, since what they see on the outside (the traits or the phenotype) might be different from the genetic 
information on the inside (the genotype).  Say that when scientists refer to the all of the alleles in a population, 
they call this the gene pool of the population.    Tell students that they already have provided an argument for 
why the gene pool of the parent generation (the mom and dad cat) must be different than the gene pool of their 
offspring (the litter of five cats) 
 
Ask students why the gene pool of the entire kitten family (mom, dad, and all their offspring) would change each 
time a new kitten is born.  Accept all answers. 
 
Ask students what else besides new births would change the gene pool of the kitten family.  Students may say if 
a kitten or a parent cat dies, or if it is permanently removed from the population (given away to another family)). 
 
Review with students these previously learned ideas, covered in earlier class instruction and connect them to the 
example of the litter of kittens.     

• The variations in traits (color of fur, spottedness) is the result of genetic information from each parent 
• Each offspring can inherit one of two different alleles for a gene that determines a trait.  Some traits are 

influenced by more than one gene. 
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Introduce the idea of selective breeding.  Tell students that some people breed animals for many reasons.  Say 
that in general, all animal breeders purposely select which parent animals they arrange to mate together in an 
attempt to try to get desirable variations in the offspring.  When a population of dogs has a set of similar 
characteristics that are genetically inherited over generations that are different than other populations of dogs, it 
is called a breed of dog.  Ask students to name some different breeds of dogs.  Answers will vary 
 

• Have students go to step 1.3 and complete it 
 
Ask students to think about different types of dogs that people might selectively breed for desirable 
characteristics or different trait variations.  Show step 1.3.  Ask student's, “If all of these dogs were female, 
which dog would you select to be mom if you were trying to get puppies with really long fur and a spotted coat?   
A small body size and pointy ears?   Answers will vary 
 
Ask, will it matter which dog you pick for a dad if you are trying to get puppies with really long fur and a 
spotted coat?   Answers will vary 
 
Tell students that one goal of selective breeding is to select dogs to produce offspring with desirable 
characteristics.  To do this, sometimes breeders try to develop a line purebred offspring.  A purebred offspring 
is an offspring that reliably passes on the genetic information for just one variation for each of many traits.   
 
Purebred animals have two copies of the same allele for these traits.  Offspring of two purebred dogs with the 
same trait variation will show all the same traits as its two parents.  For example, when one purebred dog of a 
specific breed (e.g. poodle) is mated with another purebred dog of the same breed, the offspring will have all of 
the same traits as its parents that would qualify it as a poodle.   Or in other words, a purebred dog with black fur 
mated with another purebred dog of the same breed with black fur will always have offspring with black fur.   
 
(This assumes no mutation in genetic information of the offspring from the parent.  Do not bring this idea up at 
this time, but if students suggest the idea, then say that we will study that mechanism in future explorations, but 
that mechanism is not included in this model yet). 
 
Tell students that they are going to work in a team of 4 to selectively breed birds and that you are going to demo 
how the model works now.  Don’t have students go onto to step 1.5. 
 
 
 
Directions for teacher:  Model Introduction & Exploration #1 
You have two choices as a teacher for this model introduction.  You may either 1) play the screencast 
from the WISE teacher web page or 2) you may demo the model live.  
 
 
If you do the first, you may chose to keep the audio of the screencast on or mute it and narrate the 
directions yourself. 
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Option 1:  Model Demonstration Directions For the Teacher Using A ScreenCast 
 

1. You too will want to log into WISE in teacher mode, but will launch the same model the students will be 
using in later steps. Click on the Teacher Home tab.  You will see a list of all the active runs you 
have started for each class period. For the current class that you are teaching.  In the example 
below, the first row show the Student Activity for this Teacher’s Period 1 class 

 

 
 
 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page  will come up.  Click on Launch Teacher Page on the 
top right of the page.  
 

 
 

4. Click on the Screencast Videos tab. Click on the Bacteria Hunt Speeds Link. 
 

 
5. Press the play button.  Audio narration is provided.  
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Option 2:  Live Model Demonstration Directions For the Teacher 
 
Remember to have Java 7 downloaded and log into WISE using a 64-bit browser (Safari or Firefox).  
You will not be able to run Java content in Chrome.    Do the following steps to launch the model 
before class starts. 
 

1. Go to step 1.4  Click on the link that says how to join as the Host ….. 

 
 

2.  You will see a Security Warning dialog box appear.  Click on Run to run the program 
 

 
 

3. A Java Web Start file dialog box will now open.  Press the OK button.  
 

 
 

 
4. A 2nd Security Warning dialog window will open.  Select the box that says I accept the risk 

and want to run this application, then click Run to start the supplication. 
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5. A NetLogo – Bird Breeders Window will now open.  When it does press the Start button on 

the Start HubNet Activity dialog box. 
 

 
 

6. A HubNet Control Center window will now open.  Check both the Mirror 2D view on clients 
box and check the Mirror plots on clients (experimental) box too. 
 

 
 

7. Tell students that they must check these two boxes in order for the display to appear on the 
computers of the students who join the team.  And say that this box is what the team leader 
will use to check and make sure that all the players have joined.  If hen players are joining, 
the hosts name doesn’t automatically appear for them, they can connect by typing in the 



ModelSim Evolution 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

11 

Server address number shown in the screen too. 
 

8.  Press SETUP. 
 

9. Then press GO/PAUSE In both windows, you will see one of the Player monitors show the 
name “Host”.   

 

 
 

10. Click on any bird in one of the cages on that side of screen.  A rotating ring will appear on it.  
Then click where you want it to travel to.  In this first case click on one of the gray rectangles 
in the middle of the screen.  A destination target will appear on the location and the bird will 
move to that spot: 
 

11. Tell students that they need to move both a male and female to a breeding site in order to 
produce offspring.  Tell students that the males have head feathers, but females do not.  
When a male or female is ready to mate a heart will appear.  After it produces offspring the 
heart will disappear and arrows will appear showing that it must be returned to the owners 
cage before it can breed again: 

 

12. Tell students that they must drag an egg back to the cages that they own before they can see 
the trait variations of that individual (before the egg will hatch).  Show them this action.  Also 
tell students that they can drag individuals to the DNA sequencer in the corners of the board 
that correspond to their player number to see information about the individual’s genotype.  
Tell students that they may have to then drag the individual back to a cage or breeding site to 
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clearly read the genotype.  Example shown below: 

 

13. Show students how to release eggs or birds to the wild by dragging a bird to the grassy area.  
It will disappear.   
 

14. Tell students that their team of 4 people has only 20 DNA sequencing events available for the 
entire team, so use them wisely.  Tell students what type of bird they are trying to breed and 
write this goal on the board: 

 
Goal:  Breed 4 birds that each have: 

• Blue head feathers 
• Red chest feathers 
• Purple wings 
• Red tails 

 
  

15. Tell students to that the following rules are built into the model: 
•  The desirable traits only appear if the bird has matching alleles (homozygote) for that trait. 
• The desired traits are due to recessive alleles. 
• Birds can carry an allele for the recessive allele and not show it, simulating the patterns of 

inheritance for Mendel’s rules of genetics seen in other organisms and traits. 
• There is a 50/50 chance as to which allele will be passed on for each gene.  The gene for 

each trait is modeled as being on a separate chromosome, so each allele for one gene is 
independently sorted from the alleles for others genes. 

• Every group starts with a gene pool that has at least one copy of each of the alleles they 
need to breed the desired fancy bird.   
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Now that the model has been introduced (either through a screen cast or a live demo), move on to the exploration 
phase of the lesson: 
 
Explore:  

• Assign students to groups of 4 and have them complete steps 1.4 and 1.5.  After 15 min. have 
students stop the simulation, but continue in wise.   

 
• Have students record their observations (step 1.6 – 1.9) (give about 5 min). 

 
Summarize:  

• Have students answer the DISCOVERIES AND INSIGHTS ( step 1.10 ) 
 
Then have students talk with a partner and select one idea they discovered today that they wrote in step 1.12..  
Have students write this idea on a large piece of paper or a large post it note in dark pen/marker.  Have one 
student from each pair of students bring their papers/post-its to the front of the room and stick them up on the 
board.   
 
With the papers/post-its displayed for the class to look at together, lead a consensus building discussion.  
Facilitate the movement and reorganization/clustering of the ideas students brought up, under the headings listed 
below.   The two main heading should be “mechanisms that change the population (through selective breeding)” 
and “the outcomes (of selective breeding)” This consensus building discussion and reorganization of the student 
descriptions of their discoveries will help students condense and summarize the big ideas from the day's lesson.  
If an idea that students suggest doesn't fit under these areas, don't leave it out.  Rather, emphasize that the idea 
shared is another interesting discovery and that the main ideas that the students are responsible for knowing and 
reusing in future explorations are the ones organized under the areas listed.  Try to write the categories in the 
student's own words, and using their own papers if possible.  You may want to consider posting these big ideas 
in class, having students summarize these ideas now (or later) in their notes.  Either way, try to use the students 
own words and the way the class expresses the ideas listed below, without feeling it is necessary to use this exact 
wording.  Examples of possible student responses they might contribute on their sheet or post it note are shown 
in italics.  Ask students whether they agree or disagree with how the ideas or organized and whether this 
summary helps pull out the main points they discovered.   
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Here are example student post-its from 9th grade regular biology classroom (thanks to the first pilot teacher: 
Katahdin Cook Whitt in Dayton, OH) 
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ere is an example of the entire poster for this lesson: 
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The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  

Conclusions & Big Ideas:  “ How Can I Influence The Traits in A Population Through 
Selective Breeding?” 

Mechanisms 
Intentional selection of mates  

l Example student idea: The breeders are selecting some birds to breed together and not others. 
l Example student idea:  If a breeder needs an offspring to have a certain variation, they may pick a 

parent that produced offspring with that variation before. 
l Example student idea:  Knowing the genotype of the parents help you pick which ones will breed true 

for certain traits. 
� Summarize with this idea:  Breeders intentionally select which individuals to mate together in 

an attempt to get the desirable traits or alleles in the offspring. 
 
Intentional selection of individuals to remove. 

l Example student idea: The breeders don't keep all the individuals.  . 
l Example student idea:  There is limited space, so sometimes you have to get rid of the birds that aren't 

useful.  
� Summarize with this idea:  Breeders intentionally select which individuals to remove from 

their stock  (population).  
 
Random selection of which of the two alleles for each gene are passed on to offspring 

l Example student idea: Different offspring result from the same parents.   
l Example student idea:  There is something random about what the offspring end up with. 

� Summarize with this idea:  Meiosis contribute randomness to the traits in an offspring, since 
there is a 50/50 chance as to which of the two alleles per gene from each adult is 
sorted/separated into which sex cell that is passed on to an offspring.  

 
Outcomes 

The frequency of alleles in gene pools and distribution of variations in the population changes over time. 
l Example student idea:  There are more individuals with the alleles you want as you keep breeding 

them over and over again. 
l Example student idea: Every time and individual is born or removed, the gene pool changes 

� Summarize with this idea: Selective breeding changes gene pools, making some alleles more 
common and others become less common in the population. 
  

Add only these two scientific principles to the driving question board: 
 
ñ Selective breeding has 3 mechanisms that influence its outcomes: 1) intentional selection 

of mates, 2)  which alleles are randomly passed on via. meiosis, and 3) intentional removal 
of others from the population. 
 

ñ Selective breeding can result in individuals with new combinations of traits and 
populations with different gene pools.  
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Homework Assigned: 
Then tell students that they will read about other organisms that have been selectively bred tonight in 
Reading 2.1-Selective Breeding.   These resources are available on the teacher resource page for the 
unit.  Simply click on the blue link for each activity under the student assignments section to download 
the pdf of the homework or case study. 
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Lesson 2B: “How Did People Developed Breeds of Dogs?” 
 

Overview: 
Purpose:   
The purpose of this activity is to describe how and why different dog breeds were developed and propose and 
critique hypothesis about how and why wild wolves might have been selectively bred to help early human 
settlements.  
 
Performance Expectation 
 
• Obtain and communicate information from text and verbal presentations about the physical and behavior 

traits, health issues, and breeding history for dog breeds and possible trait variations that would have been 
selected for in wild wolves to help early human settlements. 

 
Scientific Principles (re)Discovered in this Activity 
 
ñ Humans have dramatically influenced the physical and behavioral traits of organisms (such as dogs, cats, 

horses, cattle, and plants) and their gene pools of populations by selective breeding them over many 
generations. 
 

 
Description of the Lesson 

Students choose a case study of a dog breed to learn more about the breeding history of this type of dog 
and its physical and behavioral traits.  They work in teams to develop a list of trait variations in wild wolves that 
people might have noticed and found useful in early human settlements.  And they describe how selective 
breeding might have removed some traits that would help dogs compete against wild wolves in natural 
ecosystems. 

In the reading students learn more about domestication of animals and the results of an experiment to 
attempt to domesticate foxes.  They develop a hypothesis about why house cats might have been first 
domesticated from wild cats through selective breeding. 
 
 

Lesson Details: 
Time 60 min. 
 
Materials 
 
Per Student 

l 1Individual copy of Case Study 1 student activity sheet PDFs found on the teacher dashboard page or in 
the zip file for Case Study Introduction handout and printouts 

l Highlighter 
l An individual copy of Reading 2.2 – Domestication (to be assigned for completion outside of class) 

 
One copy of each of these for every 4 Students 

l Data packets: 1A, 1B, 2C, 2D, 3E, and 3F PDFs also found on the teacher dashboard page or in the zip 
file for Case Study Introduction handout and printouts 
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For Teacher 
l The Case Study Board 
l The Driving Question Board 

 
 
Lesson Outline and Timing 
 
Launch  

• Review the reading and review the Case Study Board (5 min.) 
 Explore    

• Assigning group members to a different case study and each member reads and summarizes 
their findings (10-15 min.) 

• Teams construct two to three hypotheses (20-25 min.) 
 Summarize  

• Teams share out parts of their explanations with the class (15 min.)  

 
Lesson Enactment Detail 
 
Launch:   
Review the Case Study Board, pointing out the 9 animals they looked at the first day.  Ask students which of 
these were dogs.  Ask students what in the reading helped them figure out more about “Why These Creatures 
Look The Way They Do?”  Did we figure out why dogs look the way they do?   Some students may say no, but 
others may suggest ideas related to alleles, and traits, and selective breeding.    
 
If time permits, ask students to brainstorm some ideas about today’s lesson question, “How Did People Develop 
Breeds Of Dogs?” 
 
Tell students that they are going to try to explain why dogs look the way they do by learning more about the 
history of selective breeding of some breeds of dogs, and develop a hypothesis for why dogs were first 
domesticated from wild wolves. 
 
 
Explore:  
Pass out a copy of In-class Case Study 1 Student Activity Sheet to each student in teams of 3 to 5 people.   
 
Read through directions 1-4 on page 1 with students,  Have each team to have each member in the group pick 
one of the 6 dog breeds to further research on (1A, 1B, 2A, 2B, 3A, 3B) and fill in their choices with their team 
on page 1.  Once assigned student should come up to pick up their corresponding data packet. 
 
After working independently on their research and recording their ideas on page 2 of the activity sheets have 
teams regroup and brainstorm some ideas for the last three pages together.  If time is short, you can ask groups to 
pick only one of the three hypotheses to focus on.   
 
Remind students fill in only the lined section of the last three pages, and save the box below on each page for 
note taking during representations.  
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After all groups have completed at least one hypothesis together, have the groups decide which ideas they want 
to share with the class (if they answered more than one hypothesis): hypothesis #1, #2, or #3.   
 
 
 
 
Summarize:  
Pick a student from each group to share which question they answered and their group hypothesis.  Remind other 
students to ask questions, and link in ideas of their own or of other students.  Tell them they can keep track of 
ideas they hear in the box below each hypothesis (#1, #2, #2), but remind them that the reason they are writing 
notes is so that they can link together each other’s ideas, critique and revise ideas, and link in any evidence that 
they think is relevant from their case study research or computer activities.  
 
 
Homework to Assign: 
Tell students that they will read about other types of animals that have domesticated tonight and develop some 
ideas for selective breeding programs they think would be useful or interesting to conduct.   Assign Reading 2.2-
Domestication.. It is available on the teacher resource page for the unit.  Simply click on the blue link for each 
activity under the student assignments section to download the pdf of the homework or case study. 
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Lesson 3: “Why Do Some Variations Become More Common and Others 
Disappear?” (part 1) 

 
Overview: 

 
Purpose: 
One purpose of this activity is to have students engage in simulated natural selection to discover how natural 
selection emerges from mechanisms: a) variation in heritable traits in a population and b) interactions in the 
environment give individuals with some variations a competitive advantage over other individuals.  Another 
purpose is compare these mechanisms to those of intentional selection and random selection in selective breeding 
and describe the outcome of natural selection as an increase in the proportion of individuals with advantageous 
heritable trait variations in a population over multiple generations. 
 
Prerequisite Knowledge:  
Students need to be familiar with some examples of asexual reproduction in plants and animals (e.g. bacteria) and 
that cell division for reproduction creates exact genetic duplicates (clones) when new offspring are asexually 
reproduced from only one parent.  
 
Connection to previous activities: 
In the previous activity students discovered two important mechanisms in selective breeding that are also 
mechanisms in natural selection: 1) selection which individuals to remove from a population, and 2) selection of 
which individuals will breed.  Students will learn how natural selection involves these two mechanisms, but 
unlike selective breeding, these selections occur unintentionally and naturally in ecosystems. 
 
Performance Expectation 

• NGSS HS-LS4-3.  Analyze data from a computer investigation applying concepts of statistics and 
probability to support explanations that organisms with an advantageous heritable trait tend to increase 
in proportion to organisms lacking this trait. [Emphasis is on analyzing shifts in numerical distribution of 
traits in a histogram and using these shifts as evidence to support explanations.]. 

 
Scientific Principles Discovered in this Activity 

• Natural selection occurs only if there is both (1) variation in the genetic information between organisms 
in a population and (2) variation in the expression of that genetic information—that is, trait variation—
that leads to differences in performance among individuals.   

• As a result of natural selection, distribution of traits in a population can change when interactions in the 
ecosystem change.  
 
 

Description of the Lesson  
The teacher demonstrates the model rules for the computer model.  Students use a computer model to 

assume the role of predator in a population of prey (bacteria).  They hunt bacteria using two different predation 
strategies, each of which generates a different selective pressure and a different outcome from natural selection.  
They compare how the competitive advantage for different variations of speed in the prey changes based on these 
two types of interactions that occur with the predator.    

At the end of class, the teacher develops a class consensus through discussion on the big ideas regarding 
the conditions necessary for natural selection and how these conditions leads to changes in the proportion of 
individuals that have advantageous characteristics will increase. 

In their out-of-class reading, students describe how a population of prey and predators would change over 
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time due to natural selection, why bacteria have become more pesticide resistant over time, and what will 
eventually probably happen to populations of plants that pesticides are currently effective at killing off most of the 
individuals. 
 

Lesson Details: 
Time 60 min. 
 
Materials 

 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note.  
l An individual copy of Reading 3.1 – Natural Selection (to be assigned for completion outside of class) 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The case study board 
l The new driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
Launch  

• Introduce today’s question and students complete step 2.1 (3 min.) 

• Introduce and demonstrate the model (5 min.)  

• Students complete step 2.2 (2 min.) 
Explore:  Exploration 1  

• Chasing bacteria (step 2.3 through 2.7) (10 min). 
Explore: Exploration 2  

• Waiting for bacteria to come to you (step 2.8 through 2.9) (10 min). 
 Summarize 

• Model rules questions and review (steps 2.10 through 2.11) (10 min) 

• Class Consensus Building Discussion  – (step 2.12 and time at the board) (10- min.)    

Homework Assigned  

• Assigning tonight’s homework  (2 min.) 
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Lesson Enactment Details 
You will add new discoveries to the driving question board at the end of the lesson, under the section “How Does 
Nature Select For Some Trait Variations Over Others?”  But, just like in the last lesson its recommended that you 
use pieces of butcher paper to write the discoveries on so they can be temporarily taped in.  You can then move 
that class period’s discoveries to the driving question board for that class.  And then before the next class, you can 
remove the last class period’s discoveries (or cover them up). 
 
 
Launch: 
 
Remind students of the discoveries they made related to their driving question pointing to and reviewing the ideas 
captured on the driving question board. 
 
Tell students that they will continue using models today explore and discover more ideas to help answer the 
driving question.  Tell students that they are going to be investigating the 2nd lesson question today, “How Does 
Nature Select For Some Trait Variations Over Others?”   

 
Tell students that they are going to compare forms of unintentional and intentional selection mechanisms in an 
asexually reproducing population that already has trait variations between individuals.  Remind students of 
examples of asexually reproducing plants and animals and that offspring from each of these organisms is an 
exactly genetic duplicate of its one parent, and therefore has the same heritable traits as the parent.  Examples of 
asexually reproducing organisms are shown in step 2.1 
 

• Have students log into WISE and resume work on the Evolution Unit 
 

• Ask students to go to step 2.1 and complete the questions on that step. 
   
Next, demonstrate how intentional selection process works in the model and how asexual reproduction is modeled 
in the model using the Screencast.  Tell students that you are going to show them how they are going to take the 
role of a predator  (a multi-cellular organisms) that is predator of bacteria. 
 

Demonstrating the model via. Screencast  

 
Model Demonstration Directions For the Teacher 

1. You too will want to log into WISE in teacher mode, but will launch the same model the students 
will be using in later steps. Click on the Teacher Home tab.  You will see a list of all the 
active runs you have started for each class period. For the current class that you are 
teaching.  In the example below, the first row show the Student Activity for this 
Teacher’s Period 1 class 

 

 
 
 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
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heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page  will come up.  Click on Launch Teacher Page on 
the top right of the page.  
 

 
 

4. Click on the Screencast Videos tab. Click on the Bacteria Hunt Speeds Link. 
 

 
 
5. Make sure students are on step 3.2 and tell them that when you play the video you 

will need them to record some information about how the model works and make a 
prediction.   

 
6. Press the play button.  Audio narration is provided.  

 
 

 
• Have students complete step 3.2 and 3.3 at the end of the Screencast. 

 
Explore 

• Tell students that they will work in partners now by taking turns running and watching one of the 
models on one of the two partner’s computer.  Have student partners do steps 3.4 to 3.7 on a single 
computer. 

 
Summarize: 
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Then have students talk with a partner and select one idea they discovered today. Have students write this idea on 
a large piece of paper or a large post it note in dark pen/marker.  Have one student from each pair of students 
bring their papers/post-its to the front of the room and stick them up on the board.   
 
Ask students to share reasons for why slower bacteria have a competitive advantage when students waited for all 
the bacteria to run into their cursor to catch them?  students should say faster bacteria run into the predator more 
often and are removed more often than slower.  So slower bacteria run less risk of encountering a predator.  A 
bacterium that didn't move at all would never run into this type of predator.    
 
Ask students to share reasons why faster bacteria have a competitive advantage for survival when you were 
chasing all the bacteria around to try to catch some?  Students should say that faster bacteria are harder to catch.  
Just when you seem to have them lined up under your cursor, they tend to move out from under it before you can 
press the button.  Because of this, sometimes you miss catching the fast ones slower bacteria are easier to catch.  
So, more of the time you try to click on them you actually succeed.  A bacterium that didn't move at all would be 
the easiest one to catch and you probably could successful catch (with one click) every stationary bacterium (if 
there were any). 
 
Build class consensus on the following ideas – in exploration 1, the selection was more similar to selective 
breeding than explorations 2 and 3, because you were focused on intentionally trying to change the traits of the 
populations, explorations 2 and 3, the same result occurred, but it was unintentional on your partner.  In all the 
explorations, selection is occurring, but the manner of selection is different.  When humans engage in the 
selection (like in selective breeding) it is also sometimes called artificial selection.  When other organisms, 
objects or events in nature are unintentionally selecting what individuals survive and reproduce and causing the 
distribution of inherited traits variations in the population to change it is called natural selection.   It is called 
natural selection, because it is also a process in which any individual does not necessarily intentionally choose 
“favorability”.  Instead, interactions in nature are doing the selecting.  Bacteria, birds, plants, and any other 
organisms, and even non-living interactions from the environment (such as sunlight, weather, geography, etc..) all 
can cause natural selection to occur, without intending to. 
 
With the papers/post-its displayed for the class to look at together, lead a consensus building discussion.  
Facilitate the movement and reorganization/clustering of the ideas students brought up, under the headings listed 
below.   This consensus building discussion and reorganization of the student descriptions of their discoveries will 
help students condense and summarize the big ideas from the day's lesson.  If an idea that students suggest doesn't 
fit under these areas, don't leave it out.  Rather, emphasize that the idea shared is another interesting discovery and 
that the main ideas that the students are responsible for knowing and reusing in future explorations are the ones 
organized under the areas listed.  Try to write the categories in the student's own words, and using their own 
papers if possible.  You may want to consider posting these big ideas in class, having students summarize these 
ideas now (or later) in their notes.  Either way, try to use the students own words and the way the class expresses 
the ideas listed below, without feeling it is necessary to use this exact wording.  Examples of possible student 
responses they might contribute on their sheet or post it note are shown in italics.  Ask students whether they 
agree or disagree with how the ideas or organized and whether this summary helps pull out the main points they 
discovered.   
 
Here are example student post-its from 9th grade regular biology classroom  
(special thanks to the first pilot teacher: Katahdin Cook Whitt in Dayton in Dayton, OH): 
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The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
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The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.   
 
 

Conclusions & Big Ideas:    “Why Do Some Variations Become More 
Common and Others Disappear?”  

 
 
When these conditions or mechanisms exist: 

l There is variation in heritable traits.  ( in every species such variation exists). 
l Some variations give a competitive advantage for survival 
l The individuals with variations that do not grant a survival advantage die more frequently. The 

interactions between the environment and the population unintentionally select individuals with a 
variation(s) of the trait that gives a competitive disadvantage for survival to die more often or more 
quickly than the other individuals. 

l The surviving individuals reproduce.  As a result the surviving individuals are more likely to 
reproduce (either asexually or sexually), and create more offspring. 

 
 The outcomes of natural selection: 

l When environments change (including other organisms that inhabit it change), the survival value 
of inherited characteristics may change.  (e.g.  in one environment when you were a predator chasing 
bacteria, faster bacteria had a competitive advantage for survival, and for a different environment 
when you waited for bacteria to come to you, slower bacteria had a competitive) advantage for 
survival) 

l As a result of natural selection, the proportions of individuals in a population that have 
advantageous traits tend to increase over time after an environmental change and those that 
don’t decrease over time.  

 
Add only these two scientific principles to the driving question board: 
 
ñ Natural selection occurs only if there is both (1) variation in the genetic information 

between organisms in a population and (2) variation in the expression of that genetic 
information—that is, trait variation—that leads to differences in performance among 
individuals.  

ñ As a result of natural selection, distribution of traits in a population can change when 
interactions in the ecosystem change.  
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Once these ideas in the bold have been agreed upon by the class make sure they have been added to the orange 
section of your driving question board.  Add them either in the abbreviated form or the fuller form of the idea.  
One easy way to do this is to move the butcher paper or poster paper that you had been using to keep track of the 
ideas and tape it under the lesson question for today.  An example of this is shown below: 
 

 
Notice that the big ideas on the green sheet can take a very different syntax and focus than the ones suggested in 
the teacher manual.  This teacher used her own student’s ideas and language to craft summaries of their ideas.  

An example of the full poster for this lesson from a 9th grade regular biology classroom : 
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Homework Assigned: 
Assign Reading 3.1 – Natural Selection for students to complete before the next activity.  Tell students that 
tonight they will also read about other factors in the environment that can cause natural selection besides 
predators in order to be able to more fully understand “How Does Nature Select For Some Trait Variations Over 
Others?”  PDFs of the homework are available on the teacher resource page for the unit.  Simply click on the blue 
link for each activity under the student assignments section to download the pdf of the homework. 
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Lesson 4: “Why Do Some Variations Become More Common and Others 
Disappear?” (part 2) 

 
Overview: 

 
Purpose: 
The purpose of this activity is to have students engage in simulated natural selection to discover how natural 
selection emerges from mechanisms: a) variation in heritable traits in a population and b) interactions in the 
environment give individuals with some variations a competitive advantage over other individuals.  Another 
purpose is compare these mechanisms to those of intentional selection and random selection in selective 
breeding and describe the outcome of natural selection as an increase in the proportion of individuals with 
advantageous heritable trait variations in a population over multiple generations.. . 
 
Performance Expectation 

• Design and conduct an experiment to provide evidence to explain why organisms with different kinds of 
heritable traits tend to increase in proportion to organisms lacking this trait in different environment 
with no predators.   NGSS HS-LS4-3. [Emphasis is on analyzing shifts in numerical distribution of traits 
in a histogram and using these shifts as evidence to support explanations.] 

 
Scientific Principles Discovered in this Activity 

• Revise this previous principle (bold is newly added):  As a result of natural selection, distribution of 
traits in a population can change when interactions in the ecosystem change or environmental 
conditions change, this tends to lead to organisms that are well suited for survival in 
particular environments. 

 
 

Description of the Lesson  
The teacher first introduces the new model.  Students then design an experiment to explore how different 

distribution of food/water in an ecosystem and different metabolisms for different behaviors (due to a physical 
trait – flagella number) affect the outcomes of natural selection in population of virtual bacteria. 

Students present their initial results to the class and the class discusses possible explanations for why 
these different conditions yield different shifts in the distribution of trait variations from natural selection. 

Groups return to their experimentation and develop their explanations further, and report these out at the 
end of their experimentation. 

At the end of class, the teacher develops class consensus on the big ideas regarding the conditions 
necessary for natural selection and revises the scientific principle from the last lesson.   
 

Lesson Details: 
Time 90 min. 
 
Materials 

 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note.  

 



ModelSim Evolution 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

2 

For Teacher 
l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 

display the computer model. 
l The case study board and the driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
 
Lesson Outline and Timing 
 
Launch  

• Introduce today’s question and students login to WISE, waiting to answer step 4.1 (3 min.) 

• Play Screencast of the model, pausing the movie at one point for students to make predictions (5 
min.)  

• Discuss experimental possibilities with a partner (2 min.) (step 4.4) 
Experiment with a partner 

• Conduct experimental runs on 1 or 2 computers per partnership (step 4.5-4.7) (15 min.) 

• Pause and report out some initial findings (10 min) 

• Return to experimentation (15 min). 
Summarize 

• Present results and respond to presentation of other students (step 4.8) (20 to 25 min.) 

• Summarize discoveries from presentations and lead a Consensus Building Discussion to revise 
an old scientific principle about natural selection (10-15 min.)    

 
 
 
Lesson Enactment Details 
 
Launch: 
 
Remind students of the discoveries they made related to their driving question pointing to and reviewing the 
ideas captured on the driving question board.  Tell students that they will continue exploring the same lesson 
question as yesterday, “How Does Nature Select For Some Trait Variations Over Others?”   

 
Tell students that they are going to be designing some of their own experiments with natural selection by 
adjusting the distribution of food and water resources in different environments, testing these conditions, and 
reporting out their outcomes to their classmates.  Tell students they will use a model that is similar to the one 
they used last time (with bacteria and flagella), but this time there will be no predators in the model. 
 

• Have students log into WISE and go to step 4.1 
 
Next, demonstrate how this model works using the Screencast of the model. 
 



ModelSim Evolution 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

3 

 
 

Demonstrating the model via. Screencast  

Model Demonstration Directions For the Teacher 
1. You too will want to log into WISE in teacher mode, but will launch the same model the students 

will be using in later steps. Click on the Teacher Home tab.  You will see a list of all the 
active runs you have started for each class period. For the current class that you are 
teaching.  In the example below, the first row show the Student Activity for this 
Teacher’s Period 1 class 

 
 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on 
the top right of the page.  
 

 
 

4. Click on the Screencast Videos tab. Click on the Bacteria Hunt Food & Metabolism Link. 
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5. Make sure students are on step 4.1 and tell them that when you play the video you 

will need them to record some information about how the model works and make a 
prediction.  You will now play the first 1:00 minutes of a screencast of a sample model 
run, and then will pause the video. 

 
6. Press the play button. Audio narration is provided.  Pause the video at 1:00, have 

students complete step 4.1 and 4.2 at this point. 
 

7. Press the play button to resume the video, have students complete step 4.3 at the 
end of the Screencast. 

 
• Have students go to step 4.4 and discuss some possibilities to investigate in an experiment (step 4.4).  

Tell students that they may conduct their experimental runs on 1 computer together, or use both of their 
computers to test and compare multiple trials. 

 
Explore 

• After partners have discussed some possible experimental designs, have students complete Steps 
4.5  through 4.7 
 

• Pause students after about 10 to 15 min. of exploration and have groups briefly report out any interesting 
initial findings.  Ask groups if they tested those conditions many times to see if they always get the same 
results exactly, or generally the same results, or if there is lots of variation in the results they are getting.  
Some classes sometimes decide to change the direction of their experiment at this point… example: the 
class thinks we should all test a particular set of conditions, …example: the class thinks we should all 
test our own experiments a dozen times…example: the class thinks we should split up the “experimental 
behavior space” that we explore, and assign each group to look at a particular combination of 
environmental conditions). 
 

• Resume investigations for another 15 minutes. 
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Summarize: 
Allow 20 to 25 minutes to have student volunteers present their results in a short 2-3 min. summary from the 
class gallery, showing their image from the gallery to the class and explaining why they got the outcomes they 
did in the different regions.  Ask audience members to volunteer these sorts of responses: 

• Questions that would help clarify your understanding of the argument being. 
• Similarities or differences between the evidence presented by different people. 
• Insights into discoveries the class is making about the lesson question, "How does natural selection 

change population in different environmental conditions?" 
 

• These comments can be posted on step 4.8 (optional) .  But also having students share these 
verbally can help strengthen the discussion dynamics in a class.   

• After volunteers have presented, have students bring a post it note or index card up to summarize 
a big idea discovered after they record it in step 4.9. 

 
As a teacher, ask every group that presents, what is it that is causing the distribution of traits in the population to 
shift toward one kind of variation over others?  Why is that variation advantageous over ones that cause the 
bacteria to move slower, or faster, or both? 
 
For the summary of big ideas from the presentations, review the ideas from the last lesson (shown in yellow).  
Modify the scientific principle to include environmental changes.  Ask the students for examples of 
environmental changes besides only where the water or where the food is located in an ecosystem. 
 
Have students bring the papers/post-its to a board so that it is displayed for the class to look at together.  Lead a 
consensus building discussion around that board.  Facilitate the movement and reorganization/clustering of the 
ideas students brought up, under the headings listed below.   This consensus building discussion and 
reorganization of the student descriptions of their discoveries will help students condense and summarize the big 
ideas from the day's lesson.  If an idea that students suggest doesn't fit under these areas, don't leave it out.  
Rather, emphasize that the idea shared is another interesting discovery and that the main ideas that the students 
are responsible for knowing and reusing in future explorations are the ones organized under the areas listed.  Try 
to write the categories in the student's own words, and using their own papers if possible.  You may want to 
consider posting these big ideas in class, having students summarize these ideas now (or later) in their notes.  
Either way, try to use the students own words and the way the class expresses the ideas listed below, without 
feeling it is necessary to use this exact wording.  Examples of possible student responses they might contribute 
on their sheet or post it note are shown in italics.  Ask students whether they agree or disagree with how the 
ideas or organized and whether this summary helps pull out the main points they discovered.   
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas:  “Why Do Some Variations Become More Common and Others 
Disappear?”  (part 3) 
 
Natural selection occurs when: 

l There is variation in heritable traits.  ( in every species such variation exists). 
l Some variations give a competitive advantage for survival 
l The individuals with variations that do not grant a survival advantage die more frequently. The 

interactions between the environment & the population unintentionally kill off individuals with 
variation(s) of traits that give a competitive disadvantage for survival more often than the others. 

l The surviving individuals reproduce.  As a result the surviving individuals are more likely to 
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reproduce (either asexually or sexually), and create more offspring. 
 
Leads to different outcomes of natural selection: 

l When environments change (including other organisms that inhabit it change), the survival value 
of inherited characteristics may change.   

l As a result of natural selection, the proportion of individuals in a population that have 
advantageous traits tend to increase over time after an environmental change; this tends to lead 
to organisms that are well suited for survival in particular environments. 
 
 
Revise this previous principle (bold is newly added):   

• As a result of natural selection, distribution of traits in a population can change when 
interactions in the ecosystem change or environmental conditions change, this 
tends to lead to organisms that are well suited for survival in particular 
environments. 

 
 

 
 
 

Homework Assigned: None  
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Lesson 5a: “Why Do Some Variations Become More Common and Others 
Disappear?” (part 3) 

 
 

Overview: 
Purpose:   
The purpose of this activity is to describe how random fluctuations in gene frequency in a population are the 
result of the random sorting and recombination of genes in sexual reproduction (through meiosis and 
fertilization) and to explain why this drift in gene frequency can result in the loss of alleles from a gene pool.   
Students will extend this idea to help students 1) describe the relationship between population size and the rate of 
gene loss from a gene pool   and 2) explain why barriers that cause reproductive isolation of a genetically diverse 
ancestor population would likely lead to offspring populations that have different gene pools from on another.  
 
Performance Expectation 

• Design and conduct an experiment to determine the effect of meiosis on fluctuations in the distribution 
of traits in a population and alleles in a gene pool.  [Emphasis is on analyzing traits and alleles in the 
population through visualization of virtual karyotypes and related bivariate graphs] 

 
Scientific Principles Discovered In This Activity:    

• Some shifts in the distribution of traits in a population are the results of random selection events (such 
as meiosis and which gametes are fertilized). 

• Alleles/genes can disappear from gene pools from random events; this also can lead to a population 
dominated by organisms that are different from other related populations,  

 
Description 

Students experiment with fish reproduction in a virtual fish tank, noting changes in allele frequency due 
to results of meiosis and fertilization events.   

Students design experiments to investigate factors that affect loss of alleles from a population.  They 
discover that the types of alleles that are lost from genetic drift are not predictable.  They find that smaller 
populations and small gene pools lose alleles more quickly due to genetic drift than larger populations and larger 
gene pools.   

 At the end of the lesson, the teacher helps build consensus  how genetic drift can lead to some trait variations 
becoming more common and others disappearing from a population.  

In their homework students apply the mechanism of genetic drift to show how two descendant populations of 
organisms could appear very different from one another and they read about population bottle necks and founder effects in 
article about cheetahs.  

 
 
 

Lesson Details: 
Time:  60 minutes  
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
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l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 
l Individual copy of Reading 5.1 – Random Events  
l Optional: Reading 5.2 Population Bottlenecks and Founder Effects. 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 
l Document camera or other display technology for student’s to display their maps/models. 

 
Lesson Outline and Timing 
 

Day 1 

Launch  

• Review scientific principles about meiosis and chromosomes (steps 5.1 & 5.2)  (8 min.) 

• Show Screencast of Model (4 min). 
 Explore – Exploration 1 

• (Un)predictable offspring (step 5.4-5.7) (10 min). 
Explore – Exploration 2 

• Design & conduct an investigation with a partner (step 5.8 through 5.11) (15-min). 
 Summarize 

• Present results and respond to presentations of other students (step 5.12) (20- min.) 

• Summarize a big idea from the investigation or presentations (10 min) 
 

 

 
Lesson Enactment Details 
 
Launch:   
Ask students to name some traits that are primarily inherited in dogs and birds and plants as well.  
 
Remind students that some traits have two variations and other have multiple variations.  Remind 
students that populations that sexually reproduce can generate new combinations of trait variations in their 
offspring, through the recombination of genetic information passed on from each parent.   Ask student to identify 
how this can occur. 
 
Students should recall that: 
 

Their traits are determined by a single piece of genetic information (a gene); each gene has two pieces of 
genetic information that can come in different forms (alleles).  An individual can possess two copies of 
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genetic information either as identical alleles or as two different alleles, one on each chromosome of a 
chromosome pair. 

Each parent passes on one of their alleles for every gene to an offspring; for each offspring there is a 50/50 
chance as to which allele they will receive from each parent, since chromosomes are independent sorted 
when sex cells are crated through meiosis. 

 
Also remind students that alleles are small sections of genetic information on a chromosome.  This section of 
genetic information is like a catalyst or enzyme that helps cells produce a new substance that contributes to the 
new trait.  Recessive alleles are often genetic information that gives no instructions about creating a new 
substance for a trait.  Dominant alleles are genetic information that instructs cells to create a new substance for a 
trait.   They discovered in the past when there are two different alleles for a single trait, sometimes one allele 
masks the presence of the other allele, since if one set of instructions says nothing about creating a substance for 
a trait, and another set of instructions says to create a new substance for a trait, the net result will still to be to 
create the substance for the trait.  These alleles are said to assert a dominant expression over the other allele, so 
that the phenotype (or observable characteristics related to the trait) of the organism appears to be that of the 
single allele, which is the set of instructions for creating a substance.   Give an example of genotypes vs. 
phenotypes for Mendelian genetics if needed. 
 

• Have students log into WISE and resume work on the Evolution Unit 
 

• Ask students to go to step 5.1 Identify that the picture shows a nucleus, and the 46 chromosomes found 
in the nucleus of humans.  The chromosomes have been color coded to match up with another 
chromosome that is the same length.  In this way we can see on the bottom left that there are clearly 23 
pairs of chromosome.  Ask students where an individual gets one of the chromosomes in pair 1 from?  
The other chromosome?  Where do they get one of the chromosomes in pair 2 from?  The other 
chromosome? 

 
Reintroduce the idea of a gene pool.  Remind students that they explored the idea of a gene pool in the selective 
breeding activity with the birds.  Ask students to describe how the gene pool of the ending population was 
different than the gene pool of the initial population.  And ask why every additional offspring that is born has an 
affect on the gene pool of the population.   
 
 For students who may not have done the selective breeding activity with the birds or as a review, you can 
(re)introduce the idea of gene pool with a short example related to sex chromosomes.  Tell these students that a 
gene pool is all the chromosomes and their related alleles in a population.  Provide an example of a family of a 
mom and dad and two children related to X and Y chromosomes.   Draw the genotype for each member of a 
family that has two daughters (mom – XX, dad – XY, daughter 1 – XX, daughter 2 – XX), and ask the students 
which there is more alleles of in this gene pool X's or Y's?  Then ask students to compare this family's gene pool 
to a 2nd family's gene pool.  In the second family, there is a mom and dad and two sons.  How would the 
proportion of X chromosomes in this family's gene pool compare to the first family?  It would be lower (5 of the 
8 chromosomes are now X instead of 7 out of 8).  Ask how would the proportion of Y chromosomes in their gene 
pool compare to the first family?  It would be higher (3 of the 8 chromosomes are now Y instead of 1 out of 8). 
 
Summarize by pointing out that he proportion of alleles in the  gene pool of one family might be very different 
than the proportion of alleles in another family and the same is true for different populations.  For example, one 
population may have more dominant alleles in their gene pool than recessive, while another population might 
have only recessive alleles for a given trait in their gene pool.   
 
Tell student that they will study how gene pools change over time by working with a model of a fish.   In this 
model they will keep track of alleles for only 5 genes, and use only 5 pairs of chromosomes in the simulated 
body cells of these creatures to keep track of what alleles are in the gene pool of the population.   Remind 
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students that even though they are only keeping track of 5 pairs of chromosomes in the model, many species of 
organisms in the real world have many more pairs of chromosomes. 
 

• Have students complete step 5.2 now 
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Next, demonstrate how this model works using the Screencast of the model. 
 

Demonstrating the model via. Screencast  

 
Model Demonstration Directions For the Teacher 
 

1. You too will want to log into WISE in teacher mode, but will launch the same model the students 
will be using in later steps. Click on the Teacher Home tab.  You will see a list of all the 
active runs you have started for each class period. For the current class that you are 
teaching.  In the example below, the first row show the Student Activity for this 
Teacher’s Period 1 class 

 

 
 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on 
the top right of the page.  
 

 
 

4. Click on the Screencast Videos tab. Click on the Fish Tank Genetic Drift Link. 
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5. Make sure students are on step 5.3 and tell them that when you play the video you 

will need them to record some information about how the model works and make a 
prediction.   

 
6. Press the play button. Audio narration is provided.   

 
7. Have students complete step 5.3 and 5.4 at the end of the Screencast. 

 
 
Explore:  

• Have students test their predictions in step 5.5 to 5.7 and have them plan their own  
investigation/experiment to conduct with a partner in steps 5.8 through 5.11  

 
Summarize:  
Allow 20 minutes to have student volunteers from the partnership present their results in a short 2-3 min. 
summary from the class gallery (step 5.12), showing their results and explaining why they got the outcomes they 
did in the different regions.  A 
 
Ask audience members to volunteer these sorts of responses: 

• Questions that would help clarify your understanding of the argument being. 
• Similarities or differences between the evidence presented by different people. 
• Insights into discoveries the class is making about the lesson question, "How do meiosis, reproduction 

and random death change gene pools?" 
 

• These comments can be posted on step 5.12 (optional) .  But also having students share these 
verbally can help strengthen the discussion dynamics in a class.   

• After volunteers have presented, have students bring a post it note or index card up to summarize 
a big idea discovered after they record it in step 5.13. 
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Have students bring the papers/post-its to a board so that it is displayed for the class to look at together.   
 
At this point, you may need to post-pone the consensus building discussion until the following day 
 
Summarize continued:  
 
Lead a consensus building discussion around that board.  Facilitate the movement and reorganization/clustering 
of the ideas students brought up, under the headings listed below.   This consensus building discussion and 
reorganization of the student descriptions of their discoveries will help students condense and summarize the big 
ideas from the day's lesson.  If an idea that students suggest doesn't fit under these areas, don't leave it out.  
Rather, emphasize that the idea shared is another interesting discovery and that the main ideas that the students 
are responsible for knowing and reusing in future explorations are the ones organized under the areas listed.  Try 
to write the categories in the student's own words, and using their own papers if possible.  You may want to 
consider posting these big ideas in class, having students summarize these ideas now (or later) in their notes.  
Either way, try to use the students own words and the way the class expresses the ideas listed below, without 
feeling it is necessary to use this exact wording.  Examples of possible student responses they might contribute 
on their sheet or post it note are shown in italics.  Ask students whether they agree or disagree with how the 
ideas or organized and whether this summary helps pull out the main points they discovered.   
 
Here are example student post-its from 9th grade regular biology classroom  
(special thanks to the first pilot teacher: Katahdin Cook Whitt in Dayton, OH): 
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The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas:  
Why Do Some Variations Become More Common and Others Disappear? 
 
Randomness in sexual reproduction 

l Example student idea:  Which egg / sperm fertilize each other is kind of random 
l Example student idea:  Which allele ends up in a sex cell is random 
l Example student idea:  Recessive alleles can be hidden and then reappear as a trait in future 

generations. 
l Summarize with this idea: There is a 50/50 chance which allele from a parent ends up in a gamete and 

which gametes get fertilized can also be kind of random. 
 
Randomness related to deaths 

l Example student idea:   When individuals die, their alleles disappear from the gene pool.    
l Example student idea:  Who dies aren’t always due to natural selection, sometimes it’s just due to poor 

luck (being at the wrong place at the wrong time). 
l Summarize with this idea:  Some alleles become more or less common in the gene pool from these 

random events (genetic drift).   Some alleles or genes can disappear completely from the gene pool because 
of genetic drift. 
 

Factors that affect the outcomes of genetic drift  
(these are optional big ideas, depending on the findings of the students experiments) 
 
Population size affects genetic drift 

l Example student idea:   The larger the population size the longer it takes to lose a type of allele from 
the gene pool. 

l Example student idea:  The odds of losing an allele goes up the smaller the population is. 
l Summarize with this idea:  Genetic drift typically causes smaller populations lose diversity from their 

gene pool more quickly than larger populations. 
 

Post these two principles (bold is newly added):   

• Some shifts in the distribution of traits in a population are the results of random 
selection events (such as meiosis and which gametes are fertilized). 

• Alleles/genes can disappear from gene pools from random events; this also can lead to 
a population dominated by organisms that are different from other related populations,  

 

 
Once these ideas in the bold have been agreed upon by the class make sure they have been added to the pink 
section of your driving question board. One easy way to do this is to move the butcher paper or poster paper that 
you had been using to keep track of the ideas and tape it under the lesson question for today.  An example of this 
is shown below: 
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Homework Assigned: 
Pass out Reading 5.1 – Random Selection Events .  Reading 5.2 – Population Bottlenecks and Founder effects is 
an optional reading.  It deals with topics beyond the assessment boundaries of NGSS, but potentially useful for 
explaining the next case study.  PDFs of the homework are available on the teacher resource page for the unit.  
Simply click on the blue link for each activity under the student assignments section to download the pdf of the 
homework. 
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Lesson 5b:  Why Do Different Sub-Species of Wolves Have Different Trait 
Variations?  

 
Overview: 

Purpose:   
The purpose of this activity is to describe how random fluctuations in gene frequency in a population are the 
result of the random sorting and recombination of genes in sexual reproduction (through meiosis and 
fertilization) and to explain why this drift in gene frequency can result in the loss of alleles from a gene pool.   
Students will extend this idea to help students 1) describe the relationship between population size and the rate of 
gene loss from a gene pool   and 2) explain why barriers that cause reproductive isolation of a genetically diverse 
ancestor population would likely lead to offspring populations that have different gene pools from on another.  
 
Connection to previous activities:    
Students have identified two sets of natural occurring mechanisms that could lead to populations with different 
traits: 1) those due to natural selection and 2) those due to genetic drift.  Students will use both possible 
mechanisms to explain the distribution of different sub-species of wolf in the world, arguing for which traits 
variations between sub-species most likely due to natural selection, and which are more likely due to genetic 
drift (no competitive advantage in their environment for the predominant trait variations). 
 
Performance Expectations 

• Build a model to show patterns in variations of a trait based on geographic location for different to 
support an explanation for whether natural selection or genetic drift most likely led to 
adaptation of the populations to its environment (in wolf sub-species).  HS-LS4-4. 

 
• Argue from evidence and critique other arguments for why some similarities and differences in trait 

variations between sub-species of wolves are more likely to be the result of natural selection rather than 
random selection events (genetic drift) or vice-versa. 

 
Description 

Students investigate case study #2, analyzing one trait in nine sub-species of wolves.  They represent the 
patterns in this data on a map map showing the distribution of the trait variations geographically, in order to 
support a claim as to whether the trait variation was more likely the result of natural selection or genetic drift.   

Students present their map and argue their claims to class based on the evidence they analyzed, and 
“sister” research groups engage in argument or consensus building with this group.  Audience members record 
the consensus claim (if any) of the two research groups. 

In their homework they apply these experiences and understandings to describe why population 
fragmentation from geographic barriers in combination with the mechanism of genetic drift could lead to 
populations with very different gene pools and traits over time. 
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Lesson Details: 

Time:  60-75 minutes  
 
Materials 
 
Per Student 

l Color print of Case Study #2 Student Activity Sheet.pdf found in the zip file for Case Study Introduction 
handout and printouts. 

l Color print of Case Study #2 Data Packet.pdf found in the zip file for Case Study Introduction handout 
and printouts. 

l Individual copy of Reading 5.1 – Random Events and Reading 5.2 Genetic Drift Population Size. 
 
For Teacher 

l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 
l Document camera or other display technology for student’s to display their maps/models. 

 
Lesson Outline and Timing 
 
 
Launch  

• Overviewing page 1 of case study handout 2 (5 min) 
 Explore – Case Study #2  

• Partners use handout to analyze data, create a map, and make claim based on the data (20-min.) 
Summarize 

• Expert group “round table” presentations - arguments from evidence (35 min.) 
 

 
Lesson Enactment Details 
 
Launch:   
Pass out Case Study 2: Gray Wolf Sub-species handout to each student.   
 
Read page 1 and 2 of this together as class.  Have students make their individual predictions at the top of page 3. 
 
Explore:  
Assign two groups of students to have the same trait, working separately from one another with 2-3 people in 
each group.  Repeat this for all four traits.  This will yield 8 groups of students, with two groups working on each 
trait.  This is designed so that when the groups report out their findings they can argue alternate claims or 
establish consensus by comparing each other’s findings in front of their classmates 
 
Tell students to read step 1 and 2 on page 3, and use the last 3 pages of the data packet and the maps to 
summarize their discoveries.   
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After 10 minutes, have all groups look at page 4.  Explain that their goal is to now annotate their map on page 4 
with a new key showing where some of the variations they researched occur and to complete the first row of the 
table on page 5.  Tell students to read through directions #3-5 in the student data packet. 
 
 
Summarize:  
When all groups have completed this (approximately 10 minutes), have them present their claim, map, and 
reasoning to the class (about 2-3 minutes per group) using a document camera.   The sister group that also 
researched this trait should be ready to link in to the first group’s argument, explaining if and why they agree, or 
if they don’t agree why not.  If both sister groups present and can’t come to consensus through questioning each 
other and arguing from evidence, the class and the groups can decide to leave the claim for this trait 
“unanswered”. 
 
As each group presents, tell stuents to record the claim of the group,  whether their map/model supports their 
claim, and the reasons the additional reasoning the group provided to support their claim. 
 
 

 
Homework Assigned: 
None 
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Lesson 6  How Do New Adaptations Emerge in Populations? 
 

Overview: 
 
Purpose:   
The purpose of this activity is to discover how the combination of mutations, natural selection, and 
environmental change generate progressively better-suited adaptations. 
 
Prerequisite Knowledge: 
Students need to have developed a model for how mutations lead to the emergence of new genetic information 
and the loss of old genetic information.  They also should know that mutations are the result of relatively random 
processes.  They should have developed a model for mutations that includes at least these two types of 
mutations.  One is duplication, where the allele or gene that was already there was copied more times then 
necessary (e.g. a doubling of the number of genes for a trait (or chromosomes) thereby potentially leading to 
increased production of the related protein(s)).   The other is deletion, where the genetic information for the 
alleles or genes for producing a protein was deleted.  Both of these mechanisms are represented in the mutation 
mechanism in the model students will use in this activity 
 
 
Learning Performances 
• Conduct an investigation to provide evidence for an explanation of how natural selection and mutation work 

together to generate new adaptations in a population over time using a class-wide participatory simulation. 

 
Scientific Principles Discovered In This Activity:    
ñ Mutations add new traits into a population when random errors occur in the replication of genetic information and are 

inherited by offspring. 
 

ñ A new trait might grant individuals a competitive advantage for survivaln in an environment (an adaptation), or a 
competitive disadvantage, or neither.  

 
ñ Advantageous traits tend to accumulate in populations over many generations yielding a population progressively 

better adapted to survive in that environment over time. 
 

Description of the Lesson 

Students compete as a team in a bug hunt competition generating a simulated form of natural selection 
with an outcome being that a population of bugs becomes progressively better camouflaged over time.  They see 
how mutation is modeled as random changes, but slight changes to genetic information.   

They investigate the outcome that results when a population of gray bugs is placed against an image of a 
field of red flowers as they compete to find bugs to eat.  As each bug is eaten, a new offspring is asexually 
produced from one individual in the remaining population, with slight mutations in the genes that determine the 
pigments it produces (and resulting phenotype – color).   After studying the adaptations that results, they then 
change the environment (a new background image of a glacier) and repeat the natural selection simulation.  In 
this competition new colors emerge as adaptations for camouflaging, better suited to blending into the colors of 
glacier.   
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Bug Hunters Camouflage Model 

 
Through discussion, the teacher helps build consensus about how populations adapt to an environment through 

mutation and natural selection, and how new trait variations emerge through these mechanisms that help the population 
become progressively better adapted to the environment over time.  

In their homework students look at examples of camouflaging in animals and compare the Lamarkian perspective 
vs. the Modern Synthesis perspective to address misconceptions about the mechanisms that drive adaptation.  
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Lesson Details: 
Time:  60 minutes 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 
l One individual copy of Reading 6.1 – Adaptation and Survival 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
Lesson Outline and Timing 
 
 
Launch  

• Review driving question board (scientific principles from last lesson) and introduce today’s 
question (3 min.) 

• Review ideas related to mutations – deletion, duplication, and insertion  (3 min.) 

• Teacher demonstrates mutation, selection, and reproduction mechanisms using Screencast of 
model (steps 6.1 and 6.2) (5 min) 

 Explore – Exploration 1 

• 1st whole class competition (step 6.4) (5 min) 

• Making sense of data (step 6.5) – (3 min). 
Explore – Exploration 2 

• Students make a prediction (step 6.7) (3 min). 

• 2nd whole class competition is resumed with new background (5 min) 

• Making sense of data (steps 6.8-6.9) – (5 min). 

 Summarize 

• Review and discuss answers for step 6.9 and record discoveries for step 6.10– (5 min.) 

• Class Consensus Building Discussion (15- min.)    
Homework Assigned:   

• Assign tonight’s homework  (5 min.) 
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Lesson Enactment Details 
 
Before the class starts:   
Consolidate the ideas that all of your class periods discovered related to the prior lesson, on the driving question 
board. 

 
Launch:  
Remind students that they have studied two ways that offspring might get genetic information different either of 
their parents. One of these is recombination of chromosomes in sexual reproduction (which is still inheriting ½ 
of the existing information that each parent had). The other is by mutation of genetic information that ends up in 
the sex cells of either parent (which is the cause for the inheritance of brand new genetic information) 

 

Ask students to describe what happens in the 3 major types of mutations (duplication, deletion, and insertion) 
Duplication – This is where the allele or gene that was already there was copied more times then necessary 
(e.g. a doubling of the number of genes for a trait). 
Deletion – This is where the some or all of the alleles or genes that were there were deleted. 
Insertion – This is where a new allele or gene is inserted into a chromosome between existing genes. If an 
existing gene or allele is altered, it can be thought of as a deletion and insertion mutation (since the old genetic 
information is no longer there). 
 

Remind students that all of these mutations are the result of rearrangement of the existing sequence of genetic 
information (nucleotide bases in DNA) within cells, and that these changes are caused by processes random 
processes. 

Put these principles on the driving question board: 

• Mutations are the result of random rearrangement of genetic information within cells 

• Deletion, duplication, or insertion of alleles into a chromosome is considered a mutation. 

 
Ask students to imagine some possible outcomes of mutations for the following cases: 

Imagine they had a tall plant, that is purebred, and it consistently produces tall offspring, even when pollinated 
with a short plant (since tall is a dominant trait).  Now imagine that the tall plant undergoes a deletion mutation 
in the one of its cells in its pollen.  That piece of pollen has lost the genetic code for building the protein 
expressing the tall trait. What do they predict the height of the offspring of this plant will be when it is pollinated 
with a short plant?  Students should say, probably short, since it now has no source of genetic instructions for 
creating the substance that would make it tall. 
 

Ask students to give an example of a trait, which is critical to the survival of the organism. It should be a trait, 
whose genes, if they were deleted, would result in the death of the offspring that inherited it. Answers may vary. 
 

Ask students for an example of a trait that if the genes were deleted in it, probably would NOT result in the 
death of the individual offspring that inherited it? Answers may vary. 
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Ask students for an example of a trait that if the genes were duplicated in it, probably would NOT result in the 
death of the offspring that inherited it? Answers may vary. 
 

Follow up by asking why would this missing or duplicated genes would not be critical to the ability of the 
organism to survive. 
Tell students that they have brainstormed some examples where a mutation might be harmful (cause death) and 
some situations where it wouldn’t.  

Tell student that in this computer activity they will be exploring the effects of first two forms of mutation: 
duplication and deletion and the role of this mutation can play in contributing to the effects of natural selection. 
And they will be exploring the effects of different environments on the outcomes of natural selection.  
 

You will demonstrate the mechanisms of mutation included in the model, by projecting a Screencast of the 
computer model. This will help students understand the mutation mechanism and how color variation in the bugs 
the outcome of mutation in genetic information for production of red, green and blue pigments. Students will be 
recording some of what you are demonstrating with the Screencast before launching the model and joining it 
themselves, 

• Make sure students are on step 6.1  
 
 

Demonstrating the model via. Screencast  

 
Model Demonstration Directions For the Teacher 
 

1. You too will want to log into WISE in teacher mode, but will launch the same model the students 
will be using in later steps. Click on the Teacher Home tab.  You will see a list of all the 
active runs you have started for each class period. For the current class that you are 
teaching.  In the example below, the first row show the Student Activity for this 
Teacher’s Period 1 class 

 

 
 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on 
the top right of the page.  
 



ModelSim Evoluton 2014v3.0- Center for Connected Learning at Northwestern University Teacher Guide 
 

6 

 
 

4. Click on the Screencast Videos tab. Click on the Bug Hunters Camouflage Link. 
 

 
 
5. Tell students that when you play the video you will need them to record some 

information about how the model works and make a prediction.   
 

6. Press the play button. Audio narration is provided.  Pause the video at 1:00, have 
students complete step 6.2 at this point. 
 

 

Explore:  
 
Directions for teacher:  Model Introduction & Exploration #1 
These directions explain in detail how to launch run a HubNet based Participatory Simulation from 
WISE.  Remember to have Java 7 downloaded and log into WISE using a 64-bit browser (Safari or 
Firefox).  You will not be able to run Java content in Chrome.    Do the following steps to launch the 
model before class starts. 
 

1. After logging into WISE, click on the Teacher Home tab.  You will see a list of all the active 
runs you have started for each class period. For the current class that you are teaching.  In 
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the example below, the first row show the Student Activity for this Teacher’s Period 1 class.   

 

2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading.  Next to that you will click on the link that says All Revisions. 

 

3. A new window will pop up like the one shown below.  This may take a moment to load.    

 

4. In the top right corner of this window you will see the following links.  Click on the one that 
says Launch HubNet Teacher App: 

 

5. In the next window, press the hubnet/Evolution5_6-BugHuntersCamouflage.nlog button to 
start the model. 
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6. Next, a Security Warning dialog box will appear.  Click on the Run button to run the program. 

 

7. A Java Web Start file dialog box will now open.  Press the OK button.  

 

8. A 2nd Security Warning dialog window will open.  Select the box that says I accept the risk 
and want to run this application, and then click Run to start the supplication. 
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9. A NetLogo – Bug Hunters Camouflage Window will now open.  When it does press the Start 
button on the Start HubNet Activity dialog box. 

 

10. Next have students follow the directions on step 6.4.  As they do so, you will see their 
names pop up on the client list in the HubNet Control Center window. 

 

11. Once you have checked the Client List to make sure all students have joined the game.  

12. When all students have joined, remind them that the goal is catch as many bugs as they can 
in this competition.    

13.  Make sure the model is set to the following settings: 
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14. Press the SETUP button again and then say, “go” as you press the GO/PAUSE button in the 
model to run the model. 

15. After about 3 to 4 minutes stop the model (press GO/PAUSE again).  Or stop the model when 
you feel the bugs have become difficult to find (camouflaged). 

16. Ask students if it seems as if the bugs are easier or harder to find as when they started.  Then 
press the FLASH button.  Ask students to say which part of the screen had bugs that they 
didn’t realize were there.  

17. Then press CLEAR BOTH BACKGROUNDS and ask student’s to think about why these bugs are 
not the same color as the gray bugs we started with. 

 

18. Have students complete step 6.5 and 6.6 

19. Then change the LEFT-ENVIRONMENT chooser to “glacier.jpg” and press                       
CHANGE-ENVIRONMENTS 

 

20. The glacier background will load: 
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21. Have students complete step 6.7 to make their predictions. 

22. Press GO/PAUSE to run the model.   Tell students to click on as many bugs as they can as 
quickly as they can. 

23. After about 3-4 minutes stop the model (press GO/PAUSE again). 

24. Again, discuss out the results of the model run.  Press the FLASH button to see where the 
bugs are.  

25. Then press the CLEAR BOTH BACKGROUNDS button again. 

26.  Have the students answer the questions on steps 6.8 through 6.9. 

 
Summarize:  
You may wish to discuss the answers to the 2nd to last step (step 6.9) with the class before having this final 
consensus building discussion:    Which of the following best explains the mechanisms responsible for the causing 
the change in the colors of the bug population? 
• This answer is incorrect:  Each bug intentionally chooses a form of camouflage to help it survive. The bugs choose best, 

then that survive to pass that choice on to their offspring. Which helps their offspring know what the environment 
around them looks like. These bugs have a competitive advantage in that environment.  Preys aren’t intentionally 
choosing – mutation is a random process.   

• This answer is correct:  Predators unintentionally remove the easier to find bugs more often than the hard to find bugs.   
Each new prey that is born with random mutations in its genes. These mutations give more variations for the predators 
to pick from.    Since some variations are harder to find than others, birds remove those more often and leave behind 
bugs that are more difficult to find.  This causes each new generation to become progressively better camouflaged.  
Predators are selecting, but it is unintentional and mutation is random.  These two together drive adaptation. 

•  This answer is incorrect:  Predators intentionally choose which prey they want to survive. Each new prey that is born 
with random mutations in its genes. These mutations give more variations for the predators to pick from.   Since the 
predator prefers to leave behind the hard to find prey, it intentionally selects for camouflaged bugs in this environment.  
Predators aren’t intentionally selecting, they are simply going for what they can find, and the easier to catch 
stuff tends to get taken out of the population first. 

• This answer is incorrect:  Every bug is programmed to adapt and evolve a better genotype.  Every bug recognizes the 
environment it is in, and changes the genetic information so that it has a trait variation to better help its offspring 
survive.   Prey doesn’t know what the environmental change is going to be.  And they can’t change their genetic 
information (DNA) in a direction that benefits their offspring.  The changes in genetic information that are 
mutations are random, but those that survive are not.  
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Have students complete step 6.10 
 
Have each student talk with a partner and select one idea they discovered today related to “How Do Adaptations 
Emerge in Populations?”  Have students write this idea on a large piece of paper or a large post it note in dark 
pen/marker.  Have one student from each pair of students bring their papers/post-its to the front of the room and 
stick them up on the board.   
 
With the papers/post-its displayed for the class to look at together, lead a consensus building discussion.  
Facilitate the movement and reorganization/clustering of the ideas students brought up, under the headings listed 
below.   This consensus building discussion and reorganization of the student descriptions of their discoveries 
will help students condense and summarize the big ideas from the day's lesson.  If an idea that students suggest 
doesn't fit under these areas, don't leave it out.  Rather, emphasize that the idea shared is another interesting 
discovery and that the main ideas that the students are responsible for knowing and reusing in future explorations 
are the ones organized under the areas listed.  Try to write the categories in the student's own words, and using 
their own papers if possible.  You may want to consider posting these big ideas in class, having students 
summarize these ideas now (or later) in their notes.  Either way, try to use the students own words and the way 
the class expresses the ideas listed below, without feeling it is necessary to use this exact wording.  Examples of 
possible student responses they might contribute on their sheet or post it note are shown in italics.  Ask students 
whether they agree or disagree with how the ideas or organized and whether this summary helps pull out the 
main points they discovered.   
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
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Conclusions & Big Ideas: “How Do Adaptations Emerge in Populations?” 
Mutation contributed to it 

• Example student idea: Mutations change what was there before to become slightly different  
• Example student idea: Mutations are random  
• Example student idea: Mutations occur in the genetic information.  

• Summarize with this ideas:  Mutation are random changes to genetic information.  Some 
mutations add new genetic information and new trait variations to a population; Some of the 
mutation yield a trait variation that is more beneficial for survival, some are less beneficial and 
others give no gain/loss in competitive advantage for survival. 

Natural Selection  
• Example student idea: Predators kill off the bugs that they can see  
• Example student idea: Some types of traits aren't good to have and they get removed 
• Example student idea: The bugs that blend in have more offspring more often than dead bugs 
• Old idea:  Natural selection removes individuals with traits (and genetic information) that have a 

competitive disadvantage, the other individuals that survive reproduce and have more 
offspring. 

Environmental Change 
• Example student idea: When the environment changes, what trait is good changes 
• Example student idea: Different traits are better for different places and different ones are worse 
• Example student idea: You can blend in better if you are the color of the background  

Old idea: Changes to the environment often change which trait variation(s) give a competitive 
advantage. 

Adaptation 
• Example student idea: The colors changed more and more as time went on. 
• Example student idea: Bugs became harder to find the more you hunted them.  
• Example student idea: The bugs look very different than they did at the start.  
• Summarize with these ideas:  Beneficial mutations tend to accumulate over many generations, 

yielding a population that becomes progressively better adapted to survive in its environment.  
This process is called adaptation (verb) 

Also discuss this idea, which will be revisited in the homework:  Populations adapt (verb) due to natural 
selection and survive. Adaptation does not refer to how individuals respond to their environment, nor is it the result 
of individuals trying to intentionally “change their characteristics” to pass on to their offspring.  (While individuals adjust 
and respond to their surroundings (many organisms learn from their experiences, all organisms react to and respond to 
environmental stimuli), such adjustments are not considered adaptations, because such adjustment and responses to the 
environment does not change the genetic information to pass on to offspring, which is a critical outcomes that must occur 
if adaptations are to be passed on to future offspring in a population) 

 
Post these two principles (bold is newly added to a prior principle):   

• Mutations add new traits into a population when random errors occur in the replication of genetic 
information and are inherited by offspring. 

• A new trait variation might grant individuals a competitive advantage for survival in an 
environment (an adaptation), or a competitive disadvantage, or neither.  

• Advantageous traits tend to accumulate in populations over many generations yielding a 
population progressively better adapted to survive in that environment over time. 
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Homework Assigned: 

Assignment 1: 
Tell students that they investigated two mechanisms of evolution today – natural selection and mutation, to see 
how a new outcome, adaptation, emerged in a population. They saw how this outcome was different in two 
different environments today in class. Tell them that tomorrow they will get to design their own experiment to 
conduct using this model and a team of four to six people.  One option will be to choose whether they want to 
experiments with predation, mating, or both.  The other option will be to load in background photographs of the 
natural world that they take with the camera phones.  Another option will be whether they want to compare 
outcomes in the same environment or in two different environments. 

• Assign students to teams of four to six people (or let the form their own teams with more than a couple 
students.  This is necessary to generate faster outcomes in the participatory simulation they used today 
and will be reusing tomorrow) 

• Assign students who have digital cameras this data collection assignment:  take photographs of 
backgrounds they want to use in their experiment and email them to a web based mail account.  They 
will need to access the account tomorrow in class using a web browser and download the images to the 
desktop in order to use them in their experiment.   Some example ideas could include:  dirt, mulch, rock 
piles, forest, prairies, the side of a rusted train car, the track at the school, and grass in the backyard.  
Encourage students to consider whether a birds-eye views or a side view would give the best image. 

 
Assignment 2: 
Pass out Reading 6.1 – Adaptation and Survival for students to complete before the next activity.  
PDFs of the homework are available on the teacher resource page for the unit.  Simply click on the blue link for 
each activity under the student assignments section to download the pdf of the homework. 
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Lesson 7:  How Do Adaptations Emerge in Populations? – Experimentation 
 

Overview: 
 
Purpose:   
The purpose of this activity is to discover how the combination of mutations, natural selection, and 
environmental change generate progressively better-suited adaptations. 
 
Prerequisite Knowledge: 
Students need to have completed the previous activity, which orients them to the model they use for these 
experiments. 
 
Students have the option to use photographs they have taken with the cameras on their cells phones from the 
environment in this experiment.  This is not required, but if student’s want to use these photos, they need to have 
access to a web based mail account and they should have already send the photos as attachments to an email to 
themselves.  They will save these photos to their computer desktop in today’s activities.   
 
Learning Performances 
• Design and conduct an experiment using a team-based participatory simulation to investigate how natural 

selection and mutation work together to generate populations that become progressively better adapted for 
survival and/or reproduction over time in different environments.   

 
 
Scientific Principles Discovered In This Activity:    
• A new trait might grant individual(s) a competitive advantage for survival and/or reproduction in an environment (an 

adaptation), or a competitive disadvantage, or neither. 

•  Advantageous traits tend to accumulate in populations over many generations yielding a population progressively 
better adapted to survive and reproduce in that environment over time 

 

Description of the Lesson 
Students design an experiment in natural selection, using digital images they captured of the natural 

world (from the homework the previous night) as “background data” to include in the experiment.  In the 
experiment they choose which images (environment(s)) to use as a background.  They choose whether the 
players on their team will be all mates, all predators, or a combination of both for a population of bugs.  And 
they choose the initial variation in the colors of the bugs they will start with in each population.    
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Bug Hunters Camouflage Model 

 
It’s likely that different groups will design different experiments.  Group will present their results to the 

rest of the class.  These results will motivate the revision/development of some of the scientific principles listed 
above. 

In the homework, students will read about examples of sexual selection (for mates).  And they will compare 
examples of traits for attention seeking behavior/traits that is displayed only for a limited time (e.g. during a mating season, 
or only when other mates are detected nearby) or in only one of the two sexes. 
 

 
Lesson Details: 

Time:  60 minutes 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 
l One individual copy of Reading 7.1 – Adaptation and Survival 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 
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Lesson Outline and Timing 
 
 
Launch  

• Students open web mail and save background images to desktop (5 min.) 

• Students log into WISE and complete steps 7.1 through 7.2 (5 min.) 

• Teacher and students read through directions on step 7.3 together (3 min) 
Explore – Experimental Design 

• Students work in team on step complete step 7.4 (2 min). 

• Students individually advise on one another’s experimental designs in step 7.5 (3-5 min) 

• Student teams complete steps 7.6 through 7.8 (13 min). 
Present & Summarize 

• Students present evidence from Gallery (15-18 min.) 

• Class Consensus Building Discussion  (10 min.)     
Homework Assigned:   

• Assign tonight’s homework  (2 min.) 

 
Lesson Enactment Details 
 
Launch:  

• Remind students that they will be designing their own experiment today in adaptation.  Have Students 
open their web mail and save background images they sent themselves to the desktop of the one member of the 
group who will be the group leader. 

 
• Have students log into WISE and complete steps 6.1 through 6.2  

• Read through step 6.3 together as a class. 
 

Explore:  
• Have students work in team on a single computer (the teacher leader’s) on step 7.4  

• After this, students need to return to the individual computers for the next steps. 

• Have students individually advise on one another’s experimental designs in step 7.5 and 
then connect to their team leaders computer following step 7.6.  Students should complete 
steps 7.7 through 7.8 at the end of their experiment. 

• Students can also use step 7.10 to upload any images you saved to the Experiment Gallery. 
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Summarize:  
 
Post these questions on the board, asking students to talk with their group to determine if their model 
run provides evidence to help answer these questions.    Which of these other questions can your 
experimental results help answer? 

• Can adaptation occur even when a population starts with no initial trait variation? 

• Is the outcome of adaptation in the same environment identical every time? 

• Does selection for mates lead to the same kind of adaptations as selection by predators? 
 
After a minute of conferring with their group, ask for volunteers to present their model and an explanation of 
which question their results help provide evidence for answering and why. 
 
Have students volunteers use step 7.9 to present their results from the gallery on the computer with the 
projector.  
 
Ask audience members to volunteer these sort of responses: 

• Questions that would help clarify your understanding of the argument being. 
• Similarities or differences between the evidence presented by different people. 
• Insights into discoveries the class is making about the lesson question, "How do adaptations emerge in 

populations?" 
 
These comments can be posted on step 7.9 or 7.10 (optional) .  But also having students share these 
verbally can help strengthen the discussion dynamics in a class.   
 
After volunteers have presented, have students bring a post it note or index card up to summarize a big 
idea discovered after they record it in step 7.11 
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Here are example student post-its from 9th grade regular biology classroom  
(special thanks to the first pilot teacher: Katahdin Cook Whitt in Dayton, OH): 
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Examples of possible student responses they might contribute are shown in italics below.  Ask students whether 
they agree or disagree with how the ideas or organized and whether this summary helps pull out the main points 
they discovered.   
 
The underlined statement is the suggested category.  The non-bold italics statements are possible student ideas.  
The bold italics statement can serve as another way to summarize what is common amongst the student ideas and 
each underlined category.  
 

Conclusions & Big Ideas: “How Do Adaptations Emerge in Populations?” 

Groups that started with all gray bugs or black / white bugs 

• Example result:  a color similar to part of the background became common in population when 
predators hunted them. 

• Example result:  a color dissimilar to part of the background became common in population when 
mates hunted them. 

• Summarize with these idea: Adaptations can emerge even when a population starts with no initial trait 
variation or diversity in its gene pool. 

Groups that tested the same environment side by side. 

• Example result:  though camouflaging emerges in environments where only predators are selecting 
and garish colors emerge in environments where only mates are selecting, the specific hue, saturation, 
brightness, etc.… are different in each environment, in spite of the same background.  

• Summarize with this idea: Adaptations are not wholly predictable (even in the same environment and 
starting with the same initial population), but over time they tend to make the next generation 
progressively better “fit” for their environment. 

Groups that tested mates vs. predators 

• Example result: mates only in one environment tend to drive the emergence of garish colors (so that mates attract 
attention and stick out).   

• Example result: Predators only in one environment result in color that blend into the background (so that bugs are 
hard to find). 

• Example result: When both mates and predators interact within the same environment, they may counterbalance 
each other’s selective pressure, causing adaptations that are midway between garish colors & colors that blend in. 

• Summarize with this idea: Selection for mating leads to different adaptations then selection for predation. 
 
 

Post these two principles (bold is newly added to the prior principles from the last lesson):   

• A new trait might grant individual(s) a competitive advantage for survival and/or 
reproduction in an environment (an adaptation), or a competitive disadvantage, or 
neither. 

•  Advantageous traits tend to accumulate in populations over many generations yielding 
a population progressively better adapted to survive and reproduce in that 
environment over time. 
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Once these ideas in the bold have been agreed upon by the class make sure they have been added to the pink 
section of your driving question board. One easy way to do this is to move the butcher paper or poster paper that 
you had been using to keep track of the ideas and tape it under the lesson question for today.  An example of this 
is shown below: 
 

 
 
 
 
Homework: Assign the homework for this lesson (Reading 7.1 – Adaptation for Sexual Selection). PDFs of 
the homework are available on the teacher resource page for the unit.  Simply click on the blue link for each 
activity under the student assignments section to download the pdf of the homework. 
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Lesson 8:  How Do New Species Emerge? 
 

Overview: 
Purpose:   
The purpose of this activity is to understand how new species can form from old species through the mechanisms 
of evolution covered so far in the unit (mutation, genetic drift, changes in environmental conditions, and natural 
selection). 
 
Connection to previous activities:    
Students refer to the mechanisms of mutation (introduced in the last activity), genetic drift (from the activity 
before that), changes in environmental conditions and natural selection (from two previous activities), to develop 
the explanations for the outcomes in this activity.  
 
Learning Performances 
• Analyze data from a computer investigation applying concepts of statistics and probability to explain why adaptations 

for reproductive isolation can help reinforce specialized adaptations for survival for different niches within different 
gene pools in a population.  [Emphasis is on analyzing shifts in numerical distribution of traits in a histogram and using 
these shifts as evidence to support explanations.] 

Scientific Principles Discovered In This Activity:    
• New species emerge from old species (a group of organisms that is capable of interbreeding only between each 

other to produce fertile offspring). 

• Speciation can occur when specialization for survival in different niches is available to a population; this 
specialization opportunity can tend to reinforce adaptations that lead to greater reproductive isolation between 
those populations. 

• Speciation can occur when geographic isolation leads to separate populations that through mutation and genetic 
drift, develop genes and corresponding traits that make descendent from each population less reproductively 
compatible with each other over time. 

 

Description of the Lesson 
The class revisits their definition of a species and discusses whether genetic drift alone could account for 

why new species emerge.    
They then use a computer model of plants in an ecosystem to explore how speciation always could also 

emerge from a single population over time under certain conditions.   
 

 
Plant Speciation Model 
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Through discussion, the teacher helps build consensus about why speciation might occur when mutation 

initiates the pathway to speciation, but natural selection and adaptation are the driving mechanisms that continue 
to reinforce the emergence of this outcome.  

In the homework they study examples of how speciation has been created in laboratory conditions with 
human intervention and contrast the mechanisms at work in real world ecosystems when new species emerge.  
And they read Darwin’s finches on the Galapagos Islands as a real-world example of adaptive radiation. 
 
 

Lesson Details: 
Time:  60 minutes 
 
Materials 
 
Per Student 

l 1 computer with Java 7 and Firefox installed. 
l A student WISE account for the class period was already created. 
l One small post-it note and one large post-it note. 
l One individual copy of Reading 8.1 – Speciation and of Reading 8.2 Adaptive Radiation 

 
For Teacher 

l 1 computer with Java 7 and Firefox installed and projector or large display screen for the teacher to 
display the computer model. 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 

 
 
Lesson Outline and Timing 
 
Launch  

• Students log onto WISE (2 min.) 

• Step 8.1 (2 min.) 

• Discussion up to and including step 8.2 (8 min.) 

• Discussion up to and including step 8.3  (5 min) 
 Explore 

• Students complete steps 8.4 through 8.14 (20 min). 
Summarize 

• Students record discoveries in step 8.14 (5 min). 

• Summary discussion and discuss answers for step 8.9 – (15 min.)  
Homework Assigned:  Assign tonight’s homework  (2 min.) 
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Lesson Enactment Details 
 
You will add new discoveries to the driving question board at the end of the lesson, under the section “How Do 
New Species Emerge from Old Species?”  But, just like in the last lesson its recommended that you use pieces of 
butcher paper to write the discoveries on so they can be temporarily taped in.  You can then move that class 
period’s discoveries to the driving question board for that class.  And then before the next class, you can remove 
the last class period’s discoveries (or cover them up). 

 
Launch:  
 

• Have students log into wise 

• Have students complete step 8.1 questions.    

After they do so, ask them how they knew the organism wasn’t a cat?  Push back on answers such as “it has 
stripes.  It has claws,” saying cats do too. 

After students have suggested other traits, tell students, that many of their ideas have to do with describing the 
ways the traits are different between cats and raccoons.  Tell students that this was the way that scientists 
classified different species of organisms for hundreds of years.    
Say that another important way that scientists try to explain what they mean when they say “a different type of animal” is to 
introduce the idea of a species. Write the word species on the board:  

A species is a group of organisms belong that is capable of interbreeding to produce fertile offspring.  

Ask students to look at this definition and to use it to consider what it means for house cats and raccoons. Since raccoons 
and house cats are not capable of interbreeding together, they are considered different species of animals. 

Then ask students about roses and corn. These two plants are not capable of interbreeding together. So then would they be 
different species or the same? Different species. 

Ask students if they think dandelions and roses would be considered the same species or different and why? Students will 
probably say that they are different species, because they have never heard of or seen an offspring of a rose and dandelion. 
Or they may say that they could be the same species if they were found to be able to interbreed together. 

Point out that there are lots of animals that show variations in type, but those different types are not always different species. 
For example dog breeds are all the same species. Even wolves and dogs are the same species. Ask students why they would 
be considered the same species? They should say because the wolves and dogs can interbreed together and have offspring.  

Ask students to estimate how many species of mammals they think are on Earth. Ask students to estimate how many species 
of plants they think there on Earth. Have students share some estimates and reasons for these predictions.   

• Have students complete step 8.2 questions.  

Ask students if the number of species on Earth has always been the same. And write this as a question on the board “Do the 
number of species on Earth always stay the same?” Have students share reasons why the number of species on Earth has 
changed over time. Some students will point out that species can go extinct.  Other students may share examples from the 
fossil record. 

Ask students to share examples of other species they have heard have or studied that they went extinct. 

 

 “Do the number of species on Earth always stay the same?” write the answer the class has agreed upon (no) and point out 
that if the number of species on Earth is not always the same, then two types of changes in species number could be 
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occurring at any time – the number of species might be decreasing or the number of species might be increasing. 
Underneath this then write two sub questions  

1. “What caused old species to go extinct”  
2. “Where would new species come from?” 

 

Tell students that many of them have probably heard of examples (such as dinosaurs or woolly mammoths) of species that 
have gone extinct. And many probably have also heard of species that are endanger of going extinct and are on the 
“endangered species” list. But many of them may not have heard of examples of new species that were not here in the recent 
past. Tell students that they will learn about examples new species that people have observed emerge in populations and 
ecosystems, and they will investigate the second question, thinking about where new species come from. 

If students have complete the Population Dynamics WISE unit before this unit, then you can remind them that they 
discovered that environmental changes are one major reason species have gone extinct in the past. 
 
Tell them that there are many species of animals and plants on earth now that were not here in the distant past.   
For example, flowering plants didn’t exist at one time in the past.  There is no fossil record of flowering plants 
earlier than 140 millions years ago.  Scientists suspect the flowering plants evolved from gymnosperms (plants 
like pine trees and evergreen) somewhere between 350 and 140 million years ago. 
 

• Have students complete step 8.3.   Ask students to suggest any mechanisms of evolution that could 
work together to generate this outcome.  Accept all answers at this point. 

 
Ask students to share their predictions, writing on the board the pieces of their predictions that the class agrees 
upon.  The pieces that they agree upon, probably will include: 

• All new species come from existing species 
• Evolutionary mechanisms might be responsible 
• Not sure what evolutionary mechanisms would cause this to happen. 

 
Introduce the word speciation.  Tell them that this refers to whenever a new species is formed from an old 
species.  When this happens, an existing population forms two separate groups within the population. Individuals 
in one group for some reason can no longer interbreed with individuals from the other group.  So, really 
speciation refers to when one existing species separates or break apart into two or more new species. 
 
Tell students that they will be investigating speciation further in their exploration of a computer model today.  

You will demonstrate the model students will use by projecting a Screencast of the computer model.  
 

Demonstrating the model via. Screencast  

 
Model Demonstration Directions For the Teacher 
 

1. You too will want to log into WISE in teacher mode, but will launch the same model the students 
will be using in later steps. Click on the Teacher Home tab.  You will see a list of all the 
active runs you have started for each class period. For the current class that you are 
teaching.  In the example below, the first row show the Student Activity for this 
Teacher’s Period 1 class 
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2. Look for the Grading & Tools Column to the right.  Under that look for the Grade by Step 
heading and click on the Latest Work link.   

3. The teacher Grading & Feedback page will come up.  Click on Launch Teacher Page on 
the top right of the page.  
 

 
 

4. Click on the Screencast Videos tab. Click on the Plant Speciation Link. 
 

 
 

Explore:  
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Have students complete steps 8.4 through 8.13.   
 
There are three explorations within these steps.  It is ok if all students don’t complete all steps, but allow time for 
students to end the step they are on and jump ahead to record their discoveries in the final step for this activity. 

 
Summarize:  
Have students record their discoveries in step 8.14 from the last step in the activity. 
 
Ask students, “Even though individuals can get a mutation that would allow it to open its flower much later than 
any other flower in the population, why would this individual have a competitive disadvantage for reproducing 
new offspring?”  Students should reference the idea of decreased competitive advantage for reproduction, if you 
don't “mate” at the same time the rest of the potential mates do.  So it’s best to be close to the average mating 
time.  Very late or very early blooming plants may not be able to reproduce with any other plant, so their genes 
are removed from the gene pool when they die, because they have no offspring. 
 
Ask students how does the shape of the FLOWER-TIME graph from this last model run support the claim that 
individuals that flower earlier than the average flower time or later than the average flower time, have a lower 
chance of having offspring?   Students may point to features of the graph that support the idea that most of the 
plants appear in the middle of the range of flower times.  Most of the plants are clustered close to the average 
flower-time, and very few are surviving to the left or right of the average in the distribution graph. 
 
Tell students that genetic drift could cause the average to slowly drift higher or lower over time, but sexual 
selection would a continuous mechanism that would cause the shape of the graph to remain the same and the 
distribution to say clustered around the average.   
 
Ask students to study the results of exploration 3. Ask students why weren't there many plants in the population 
with a tolerance in between 10 and 90?  Show the example graphs in part d of transparency 18.1 a reference.  
Students should say that this is because the environment doesn't have many “partially clean or partially 
contaminated” soils.  Most of the left side of the ecosystem is very close to 0 metal and most on the right side of 
the ecosystem is very close to 100 metal.   
 
Ask students how natural selection leads to this outcome.  Students should use the idea of competitive advantage 
in different portions of the environment.  For example: tolerances that match these metal levels have the greatest 
competitive advantage (depending what side of the ecosystem they are growing on), anything else would have 
less of a competitive advantage.  
 
Point out that any one of these outcomes shows that the population of plants on the left side of the ecosystem no 
longer breed with the population of plants on the right side of the ecosystem (in most cases), because there is 
very little (if any) overlapping blue and green bars.    Tell students that the interbreeding of these sub-
populations may still occur in one or two cases occasionally (due to mutation), there is apparently a mechanism 
or combinations that is forcing these sub-populations apart, strongly pushing them in them away from being 
reproductively compatible.  In some cases it has pushed the population toward forming two separate species, and 
in other cases it has pushed the population into forming three separate species, by fragmenting the flower time of 
one of the populations.  The two primary mechanisms of evolution at work here are two forms of natural 
selection:  natural selection for survival and sexual selection.  But they are interacting in an unexpected way due 
to the environmental variation in the ecosystem.  
 
Ask students to describe what sort of trade off is occurring in the evolution of the plants, between survival 
advantage and reproductive advantage.  Students should say that the plants are getting more survival advantage, 
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but less reproductive advantage. 
 
Tell student that if a population speciates then the tradeoff of these two advantages must result in an overall 
advantage for both sub-populations.  In this case, the overall advantage is allowing each sub-population to 
become specialized to survive very well in a different part of the environment.  But it is at the expense of not 
staying interbreed-able with every other plant.  Anywhere ecosystem with large variation in the environment 
could lead to this type of specialization through speciation. 
 
Tell students that this is one possible set of mechanisms of evolution that scientists have proposed that could lead 
to speciation, but is not the only combination of possibilities.    This set of mechanisms involved: 1) mutation 
leading to slightly different populations in an ecosystem with two distinct areas with different environmental 
conditions.  In this environment, there was a 2) competitive advantage to having one trait variation in one 
environmental condition and a competitive advantage to having the other trait variation in the other 
environmental condition.   A second trait variation (flower time) provided a potential opportunity to generate a 
“barrier” to interbreeding with all the plants and permitting interbreeding only with plants that would likely give 
offspring a competitive advantage.  This is what begins to emerge as it becomes advantageous for the flower 
time for one plant to be similar to the flower time of another plant with the same metal tolerance, but slightly 
different than the flower time of other plants.  This slight difference makes it more likely for “similar” metal 
tolerance plants to interbreed and less likely for dissimilar metal tolerance plants to interbreed.   
 
Point out that any behavior; structure or chemical process that makes two individuals incapable of interbreeding 
would classify it as two separate species.  In this case it was flower time.  But there are other possibilities – 
mating behavior, physical structure, and biochemical processes are all potential barriers to creating fertile 
offspring (or offspring that can continue to interbreed).  Tell students that some animals can interbreed, but have 
such different genetic information, that their offspring are infertile – the genetic information from both parent is 
compatible enough to make a living offspring but is not compatible for developing sex cells in that offspring.  
One example is of Horses and Donkeys and producing Mules as offspring. Horses and Donkeys are considered 
separate species because their offspring, Mules, can't reproduce and make more offspring.   
 
Then tell students that genetic incompatibility for making a living offspring is another barrier to different 
animals reproducing.  For example, if one potential parent passes on genetic information that gives conflicting 
genetic information compared to the other potential parent’s genetic information, then the offspring cells would 
not be able to produce the necessary proteins and related traits to allow that organism to grow and repair the cells 
needed to make the organism.  If genetic drift and mutations that lead to these incompatibilities start to 
accumulate, then two populations that were descendants of one species but are separated, might become two 
separate species in time. 
 
Summarize that all new species will come from existing species; all existing species came from ancestor species 
and that new species form from old populations that used to be one species, when that population fragments or 
breaks apart into two or more non-interbreeding populations.  Tell students that there are two important sets of 
mechanisms that cause speciation: 

1. One set is the kind that drove the plants to become separate species.  In environments with variation in 
conditions and in populations with variations in traits, not reproducing with the part of the population 
can increase the chances for offspring survival in one part of the environment.  

2. The other is when two parts of a single species become geographically isolated from one another, 
mutation and genetic drift will start accumulate more and more differences in the organisms in each 
population over time.   If these differences start influencing how the chromosomes match up in meiosis 
or fertilization or the behaviors and reproductive structures of individuals, then differences will lead 
populations to become progressively more incompatible for ever interbreeding back together in the 
future.  This can lead to separate species as well.  
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Conclusions & Big Ideas:  How Do New Species Emerge From Old Species? 
 
ñ New species emerge from old species (a group of organisms that is capable of interbreeding only between 

each other to produce fertile offspring). 

ñ Speciation can occur when specialization for survival in different niches is available to a population; this 
specialization opportunity can tend to reinforce adaptations that lead to greater reproductive isolation 
between those populations. 

ñ Speciation can occur when geographic isolation leads to separate populations that through mutation and 
genetic drift, develop genes and corresponding traits that make descendent from each population less 
reproductively compatible with each other over time 

 
Once these ideas in the bold have been agreed upon by the class make sure they have been added to the last 
section of your driving question board. One easy way to do this is to move the butcher paper or poster paper that 
you had been using to keep track of the ideas and tape it under the lesson question for today.  
 
Homework: Assign the two homework assignments for this lesson (Reading 8.1 – Speciation and Reading 8.2 
– Adaptive Radiation). PDFs of the homework are available on the teacher resource page for the unit.  Simply 
click on the blue link for each activity under the student assignments section to download the pdf of the 
homework. 
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Lesson 9:  How Are Different Species Related to One Another?  
 

Overview: 
Purpose:   
The purpose of this activity is to construct an argument based on evidence of the evolutionary relationship 
between organisms that share common ancestors in the distant past.  
 
Connection to previous activities:    
Students refer to the mechanisms of evolution learned in the course of the unit to develop the explanation in this 
activity.  
 
Learning Performances 

l Analyze data and make inferences about evolutionary relationships of four canid species based on data 
about physical traits, pack behavior, mating and hunting behavior, chromosome number, food sources, 
geographic distribution and habitat. 

l Construct a scientific explanation, based on evidence for which species is most closely related to gray 
wolves (African wild dog, Maned wolf, or Coyote), and which is most distantly related. 

 

Description of the Lesson 
The class revisits the definition of a species and the mechanisms that can account for why new species 

emerge.   The class revisits the different species on the Case Study board, and make predictions about which of 
these species is most closely related and which is most distantly related to gray wolves. 

Students are assigned to groups of 3 to research one topic area to compare these species (African wild 
dog, Maned wolf, or Coyote).   They summarize the similarities and differences of this species compared to the 
gray wolf.  They report out their findings to their topic group of three and record the other members’ findings.  
They create a ranking for which species is most closely and most distantly related to gray wolves based on this 
information. 

Then students are reassigned (jig-sawed) to join a group of 4 students, where they are the topic experts 
for the area their old group researched.  Each member reports out their rankings, and supporting evidences and 
all group members summarize each other’s rankings.  Then, as a group they analyze the ranking for each topic 
area to determine their summative claim for which species is most closely related and which is mostly distantly 
related to wolves.  They add this information to an evolutionary tree diagram and provide written summaries of 
the evidence that supports their claim, and an explanation of the evolutionary mechanisms that may have been 
responsible for the formation of these species. 

Optional:  You might find it productive to have students may present and defend their final arguments to 
their classmates.  
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Lesson Details: 
Time:  60-75 minutes 
 
Materials 
 
Per Student 

l 1 Case Study 3 student activity sheet found in the zip file for Case Study 3 handout and printouts. 
l 1 color print of Case Study 3 data packet A found in the zip file for Case Study 3 handout and printouts. 
l I color print of either Case Study 3 data packet B, C, or D (print one of each of these per group of 3 

students) found in the zip file for Case Study 3 handout and printouts. 
 
For Teacher 

l The driving question board 
l 1 piece of butcher paper or poster paper or space on the wall for students to stick the post it notes on. 
l Copy of Case Study 3 Transparency- Range of tigers and lions to project for presentation and discussion. 

 
Lesson Outline and Timing 
 
Launch  

• Review definition of species and mechanisms of evolution that lead to speciation (5 min.) 

• Read page 1 of the student activity sheet together and have students make predictions and 
complete step 1 of the procedure on page 2 (5 min.) 

Explore 

• Teacher assigns topic groups (3 students to a group) – following steps 2 and 3 in the Procedure-
Part 1 on page 2 of the student activity guide. (2 min). 

• Groups work on research for their species and report out and record their findings for their topic 
group and complete the Making Sense of Your Data With Your Group questions on the top of 
page 3 of the student activity sheet.  (20-23 min). 

Summarize 

• Teacher assigns new jigsaw groups (4 students to a group), one topic expert per group (2 min). 

• Groups work on reporting out and record their findings for their topic group with other topic 
group members  - step 4.  (10 min). 

• Group completes Claim on bottom of page 3 and evolutionary tree diagram on page 4 of the 
student activity sheet, based on their shared rankings (3 min). 

Explanation:   

• Groups summarize the evidence that supports their claim on page 5 of the student activity sheet 
(10 min). 

• Assign students to individually complete the last page of the student activity sheet (the 
reasoning portion of the explanation). (0 to 15 minutes) 
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Lesson Enactment Details 
 
Launch:  
 
Remind students that scientists try to explain what they mean when they say “a different type of animal” is to introduce the 
idea of a species. Write and refer to the scientific definition of species on the board:  

A species is a group of organisms belong that is capable of interbreeding to produce fertile offspring.  

 

Ask students whether, based on their reading, this change to the definition would affect whether lions and tigers should be 
considered different species.  Accept all answers. 

Tell students that scientists have occasionally revised this definition of species over time.  More recently they have added to 
it to say:  

A species is a group of organisms belong that is capable of interbreeding to produce fertile offspring and 
does so in its natural environment.  

 

Show students the map of the territories that lions and tigers are naturally found in the wild (Transparency – Lion and Tigers 
range). 

Point out that in the past, there historically was some overlap in their ranges.  But these days, there is not.  Because of that, 
the two groups have no opportunities to interbreed in the wild.  This is one reason they are considered different species, 
even though they have mated and produced offspring in confined and artificial settings, such as zoos.  

Refer to the example of domestic dogs and wild gray wolves.  Tell students that these animals do sometimes interbreed 
where dogs are left outdoors and have been intentionally interbred by breeders in the past.  And, they should recall that 
domestic dogs originally had descended from breeding wild wolves for specific trait variations.  These are considered the 
same species.   

Review the mechanism of evolution that lead to new species with students on the Driving Question Board from the previous 
activity. 

Read page 1 of the student activity sheet together and have students make predictions and complete step 1 of the procedure 
on page 2  

 

Explore:  
 
Assign 3 students to one topic group.  Assign the next 3 students to the next topic group.  Repeat this 
for all four topic groups and then repeat the process until all students are assigned to a 3 person topic 
group.  Topic groups: 

• Physical traits (weight, height, length, fur color, etc…) 
• Food sources and Hunting behaviors 
• Chromosome number and Reproductive behaviors  
• Habitats and geographical distribution 

 
Give every student a color printout copy of Case Study data packet A (on gray wolves).  Give each 
person in a topic group a different species packet (printed in color) to compare to the gray wolf packet: 
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Have students follow steps 2 and 3 in the Procedure-Part 1 on page 2 of the student activity guide. Then 
have these groups work on research for their species and report out and record their findings for their 
topic group and complete the Making Sense of Your Data With Your Group questions on the top of 
page 3 of the student activity sheet.   

 
Summarize:  
 
Assign new jigsaw groups (4 students to a group), so that one topic expert per group is in this new 
group.  

Have these groups work on reporting out and record their findings for each of the four topic groups 
with other topic group members.  The group should complete the claim on bottom of page 3 and 
evolutionary tree diagram on page 4 of the student activity sheet, based on their shared rankings. 
 

Explanation: 
 
Tell groups to summarize the evidence that supports their claim on page 5 of the student activity sheet.  
If time runs out, this can be assigned be completed individually as a summative assessment.    

Either have groups complete the last page of the student activity sheet (if time permits this may take 
about 15 minutes) or assign this to be completed individually as a summative assessment.  
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