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     Abstract
Genetic drift is an important mechanism of evolution, yet undergraduates often fail to understand how it leads to 
evolutionary change due in part to its random nature. This lesson plan describes a simulation-based activity that allows 
students to demonstrate the process of genetic drift across generations. Using a simulated population of tuco-tucos - a 
small rodent native to South America - students can explore how allele frequencies can change over time due to chance. 
Students will also demonstrate random changes in allele frequency (genetic drift) using two different population sizes (with 
an extended option for a third population size) so they may better conceptualize the impact of population size on genetic 
drift as an evolutionary force. Using inexpensive materials (beans and paper cups), instructors can actively engage students 
in the process of evolution. The simulations are followed by a brief discussion of two real-world examples of bottleneck 
and founder effects, two events when the impact of genetic drift can become more pronounced. The lesson then ends 
with a series of thought questions to reinforce student understanding of how genetic drift leads to evolution. This activity is 
appropriate for small or large class sizes and advanced high school and college biology courses. It can also be adapted for 
non-major college biology courses.
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Lesson

Learning Goal(s)

Students will understand:

• genetic drift as an evolutionary force and its relationship to 
randomness.

• how population size affects the relative influence of genetic drift. 
• how bottlenecks and founder effects can lead to an increased 

impact of genetic drift in populations.

Learning Objective(s)

Students will be able to:

• explain how genetic drift leads to allelic changes over generations. 
• demonstrate that sampling error can affect every generation, which 

can result in random changes in allelic frequency.
• explore and evaluate the effect of population size on the strength 

of genetic drift. 
• analyze quantitative data associated with genetic drift. 

often still remain due in part to drift’s random nature and 
because it creates evolutionary change that is not always 
beneficial (2,3). A number of papers have documented both 
its fundamental role in understanding evolution as well as the 
multiple misconceptions that students hold about genetic drift, 
including interpreting drift as adaptation to the environment 
(2-5). This challenge is exacerbated by the abstract nature of 
genetic drift, confusion over the role of randomness in drift 
and other biological processes, and the limited depth that 
most introductory biology textbooks provide for genetic drift 
(6-7). Indeed, we have found in teaching our own students 
that students do not perform as well on assessments of genetic 
drift relative to other mechanisms of evolution. Performance 
aggregated over several courses revealed that on average, 58% 
of students correctly answered assessment questions based on 

INTRODUCTION

Genetic drift - the change in allele frequency due to chance 
survival of individuals - is one of the major mechanisms of 
evolution, along with selection, mutation, and migration 
between populations. Understanding these four major 
mechanisms of evolution has been widely highlighted as 
critical to undergraduate biology education and a deep 
conceptual understanding of evolution (e.g., Biocore Guide 
[1]), given that these forces drive changes in all species and 
can cause population-level changes that lead to the formation 
of new species. In particular, many students incorrectly 
equate evolution and natural selection and do not recognize 
that there are other mechanisms of evolution (2). Even if 
students have learned about drift, many misconceptions 
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genetic drift compared to 74% for questions based on other 
mechanisms of evolution. Additionally. others have found that 
nearly 75% of biology undergraduates harbor misconceptions 
about drift even after instruction (2). Accordingly, we present 
here a short simulation-based module designed for students 
in an introductory undergraduate biology course. The aim of 
this module is to provide students with strong foundational 
knowledge for one mechanism of evolution by allowing 
them to explore the random nature of genetic drift through 
simulating changes in allele frequency across generations.

While there have been other simulation-based modules 
developed that cover genetic drift (e.g., 8-12), some include 
other mechanisms of evolution simultaneously (9,10), 
engendering confusion, or fail to assess changes in allele 
frequency across generations (8), which is the true measure of 
genetic drift acting in a population. Lastly, these simulations are 
limited in that they are only practical for use in small classes. 
This module was designed for and tested in both small and 
large lectures and incorporates a wide range of active learning 
techniques and formative assessments. Thus, we build upon 
other foundational versions of simulated genetic drift activities 
(e.g., 8-12) by presenting a lesson that is versatile, in-depth, and 
reliant on real scenarios to help students understand genetic 
drift. In addition, our inquiry-based approach guides students 
through discovering major concepts while providing them 
with practice in developing quantitative skills. By challenging 
students to calculate frequencies and graph their own data, 
this activity promotes connections between math and science, 
thus supporting students’ ability to use quantitative reasoning, 
an area that has been highlighted as a core competency to 
biological literacy in Vision and Change (13).

Intended Audience
This module is designed to be implemented in a post-

secondary introductory biology course where evolution is 
introduced and may also be incorporated into non-majors’ 
biology courses or advanced high school biology courses. It 
has been used successfully in both small (20 students) and 
large (90 students) class sizes, in introductory and non-majors’ 
biology courses and in community college, liberal arts and 
research university settings.

Required Learning Time
This module will take between 40 minutes and one 

hour, depending on class size, pace, and length of student 
discussions. See Table 1 for suggested times.

Pre-requisite Student Knowledge
This module presumes that students have an understanding 

of evolution and natural selection from previous modules 
in the biology course. Instructors may choose to discuss the 
remaining mechanisms of evolution after this module.

Pre-requisite Teacher Knowledge

The instructor should have a strong foundation in and 
capacity to teach evolution. The instructor should specifically 
have an understanding of how genetic drift functions in a 
random manner and how population size influences the 
relative impact of genetic drift acting to change the allele 
frequencies of a population over time. The instructor should 
also be comfortable conducting hands-on activities for her/his 

given class size. While most current general biology textbooks 
will provide sufficient overviews, several open source 
resources are also available online to help both students and 
instructors develop their pre-requisite knowledge (e.g., 14-16).

SCIENTIFIC TEACHING THEMES

Active learning
Students will work with peers to answer questions using 

think-pair-share style discussions and to simulate the change 
in allele frequency over a number of generations using a 
container with two different colored beans to represent two 
alleles of the same gene. After each simulation, students will 
add their results to the class data set either manually (for small 
classes) or using clicker voting tools (for larger classes). They 
will analyze class results in order to explore overall trends in 
changes to allele frequencies both in groups and as a class. 
Students will also practice visualizing data graphically by 
plotting their results from each simulation.

Assessment
Students will answer questions in class provided on the 

included slides (Supporting File S1: Furry with a chance of 
evolution - Small lecture slides and S2: Furry with a chance 
of evolution - Large lecture slides) as well as from the student 
handout (Supporting File S3: Exploring genetic drift with 
tuco-tucos - Student handout) as part of the activity. They will 
receive feedback for questions included on slides immediately 
in order to build on concepts relating to genetic drift. 
Students will also receive feedback in their responses to the 
corresponding handout (Supporting File S3: Student handout) 
and correct answers will be made available (Supporting File 
S4: Exploring genetic drift with tuco-tucos - Student handout 
instructor version). Students will later be asked to apply 
concepts of genetic drift during the subsequent exam. They 
will be provided with a novel genetic drift scenario and asked 
to predict the outcome. An example exam question has also 
been provided (Supporting File S5: Sample Genetic Drift 
Questions - Assessment questions).

Inclusive teaching
Students will contribute individual data to build an 

aggregate data set for the class, which will be used to further 
the discussion of genetic drift. Engaging students in this 
manner can help them feel a stronger sense of community. 
Students will also have a chance to build community as they 
work through genetic drift simulations with one or two peers. 
Since genetic drift is based on probability, there is a chance 
that results of the simulations will not be as expected (e.g., 
no groups will reach fixation, or all groups will reach fixation 
for the same bean color), which provides an opportunity for 
students to explore what happens in science when predictions 
are not met. As an addition to the end of the class activity, the 
instructor may ask students to generate their own activity or 
method for simulating genetic drift.

LESSON PLAN

Pre-Class Preparation

Before the class, decide how many small groups you will 
form in your class. We recommend two-three students per 
group. Then, print handouts and obtain the necessary supplies, 
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as listed below:

• Brown beans and white beans of the same size. If beans 
are not available, any other small object that comes in 
two different color variants will be acceptable as long 
as they are the same size, for example, small candies or 
pompoms (items that roll easily are not recommended). 
Trials have shown that even slight differences in object 
size can lead to biased results, which may hinder 
student understanding. You will need 8 beans of each 
color per group in your class.

• Small cups to hold and draw beans from (one per 
group).

• Copies of the student handout (Supporting File S3: 
Exploring genetic drift with tuco-tucos -Student 
handout) or blank sheets for students to record their 
data.

Before class, prepare one cup per group with at least 16 
beans (eight of each color) inside each cup (more is ok too). 
Finally, plan how you would like to collect data from each 
group in order to make it visible to the class. For example, 
for a small class, you may ask student groups to record their 
data on a piece of paper separate from the student handout 
(Supporting File S3: Student handout) to hand in. You may then 
choose to use a whiteboard and draw a table/chart ahead of 
time to record and display the aggregate data from all groups 
in during class. Alternatively, for larger classes, you may use 
online collaborative programs (e.g. Google Docs) or clickers. 
Students will need access to these class data for a later part of 
the activity.

Class Activity

Background
In order to give context to the activity, begin by first 

providing an overview of what you have already covered 
about mechanisms of evolution, and how the topic of genetic 
drift fits in. You should emphasize that random genetic drift 
is one of the four main forces that drive evolution; it is highly 
recommended that you have covered natural selection before 
this module. A common misconception among high school 
and first- and second-year biology students is that natural 
selection is the only mechanism which gives rise to evolution. 
It may be worthwhile to survey the students about natural 
selection and evolution.

Next, you should introduce the study system of tuco-tucos, 
rodents from South America, and explain that you will be 
focusing on potential evolution in the trait of the pelage (coat) 
color in tuco-tucos. Pelage color was chosen as an example of 
a discrete, easily observed trait that varies in certain species 
of tuco-tucos and is controlled genetically (17,18). We chose 
tuco-tucos given that they represent one of the authors’ study 
systems, but you should feel free to change to a different 
organism and different trait, given that the choice of organism 
and trait will not impact the lesson. Drift will act on any genetic 
variation in a finite population, although we recommend 
choosing an easily-observed discrete trait to promote student 
comprehension. Present the sample data showing a change in 
allelic frequency of a given gene over time (Supporting Files 
S1: Furry with a chance of evolution - Small lecture slides, 
slide 2 and S2: Furry with a chance of evolution - Large lecture 

slides, slide 2). You will then ask students to think about 
whether evolution is occurring, and if they think these changes 
can be driven by random processes, nonrandom processes, or 
both. You have lots of options here regarding time, degree of 
interaction between students, and how you capture responses. 
We recommend that you ask students to think silently about 
these questions, and then assess their responses using a 
clicker system or asking them via a show of hands/fingers. 
We recommend a think-pair-share strategy along with or in 
conjunction with the above two response methods. Students 
will likely provide a mix of responses; we recommend that 
you not provide the correct responses until the end of this 
background section but use the discussion to help students 
think about what it means for a population to be evolving in 
order to prime them for the topic of genetic drift. Thus, these 
opening thought questions allow students to make predictions 
and apply concepts they have learned in previous classes to a 
new situation.

Opening activity - genetic drift simulation
After these opening thought questions, you should then 

introduce the activity, where each group will simulate genetic 
drift in tuco-tucos using beans of two different color to 
represent variation in tuco-tuco pelage (coat) color, a trait with 
a genetic basis. For the sake of simplicity, this activity assumes 
haploidy so that a single bean may represent a single tuco-
tuco. Be sure to explain that for the purposes of this simulation 
this is not a trait that is being acted upon by natural selection 
(i.e. a tuco-tuco is equally likely to survive no matter its coat 
color). We recommend first explaining the steps, and then 
demonstrating the simulation for two generations using a cup 
of beans just like the students have. Consider also explaining 
how simulations work, in general, and how computational 
biologists use modeling and simulations to inform our 
understanding of evolution. Be sure to explain each step again 
as you demonstrate it.

1. Start with four beans of each color (for a total of eight 
beans). Set aside all additional beans for now. These 
eight beans represent your population of eight tuco-
tucos.

2. Without looking, randomly select four beans to 
represent the individuals that will contribute their 
genes to the next generation. You can have any of the 
following combinations: four white, zero brown; three 
white, one brown; two white, two brown; one white, 
three brown; zero white, four brown.

3. Simulate reproduction by duplicating the selected 
four beans so that you again have eight beans. The 
new population should have the same ratio of white 
to brown as the four beans selected in step two. (This 
is done in order to maintain the same population size 
of eight.) This means that if your random selection from 
step two yielded one white and three brown you will 
have two white and six brown by the end of this step.

4. Record the number of brown and white beans next 
to the generation number starting with ‘generation 1’ 
(Supporting File S3: Student handout, Part I).

5. Repeat steps two-four for five minutes or until all beans 
are a single color (eight white or eight brown). Each 
new random selection represents a new generation and 
should be recorded next to the subsequent generation 
(Supporting File S3: Student handout, Part I).
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As a demonstration round:

• You begin by placing your population of four white and 
four brown beans on your desk.

• You look away and randomly select three white beans 
and one brown bean.

• You will then double this to have six white and two 
brown beans. At the end of this step, have the students 
pause and ask them what the numbers mean. Remind 
them that this will represent a random sample of their 
population surviving and reproducing to generate the 
next generation.

• For ‘generation 1’ (Supporting File S3: Student handout, 
Part I), you will record ‘6’ in the column for white beans 
and ‘2’ in the column for brown beans.

• From this new population, you will randomly select 
four beans again and repeat the process recording your 
results for the subsequent generation.

Following this demonstration, instruct students to follow 
this same process and repeat for five minutes or until they 
have beans of all the same color. If students finish early, you 
may instruct them to work on the first two questions for Part 
I (Supporting File S3: Student handout, Part I) or ask them 
to run a second simulation to add to the class data. You 
should then have students record their data (using your pre-
determined method of data collection, either on the board, 
using a projected online document or clicker polling) of 1) the 
final number of white and brown colored tuco-tucos in their 
populations and 2) the number of generations they reached.

Allow students a few minutes to discuss the first two 
questions for Supporting File S3: Student handout, Part I (also in 
Supporting File S1: Small lecture slides, slide 10 and Supporting 
File S2: Large lecture slides, slide 11) and observe any trends 
that stand out in the class data. Use the class results to guide 
your discussion on how genetic drift can lead to evolution 
and to answer the first two questions. For example, highlight 
that some groups ended at 50:50 white to brown while others 
ended at 0:100 white to brown colored tuco-tucos. Introduce 
and define fixation, extinction of trait variants (or alleles), and 
genetic drift. Also discuss if there was any pattern in: 1) which 
color bean reached fixation, and 2) the number of generations 
it took to reach fixation. Most classes should have close to an 
even divide in the number of groups reaching fixation for each 
color, but there will likely be variance in how quickly it takes 
each group to reach fixation. Highlight this observation and 
ask students to think about why this is, and how this is relevant 
to evolution. To wrap up this part of the activity, you should 
emphasize how the students have now simulated a random 
process that can lead to evolution, and that natural selection is 
thus not the only mechanism of evolution.

Part II of activity - an exploration of population size on 
genetic drift

In the second part of the class activity, you will lead students 
through a guided inquiry simulation where students critically 
think about how population size could affect the strength of 
genetic drift that was just modeled. You should first ask them 
to make predictions on how changing population size (i.e., 
the number of tuco-tucos) would impact 1) the probability 
of any one trait reaching fixation and 2) the time it takes to 
reach fixation. Then ask students to redo the simulation but 
with half as many beans (two white and two brown), and 

again gather data from the class. This second simulation 
should go very quickly since most groups will reach fixation 
within a few generations. Following the data collection, ask 
students to identify and explain the differences between the 
two simulations, and provide the additional thought questions 
(Supporting File S1: Small lecture slides, slide 12, S2: Large 
lecture slides, slide 14 and S3: Student handout, Part II) on 
simulations with smaller or larger population sizes. We 
recommend that you use a combination of think-pair-share 
and either the clicker system or show of hands to guide your 
discussion. During your discussion, you should formally 
define the relationship between genetic drift and population 
size, i.e., the larger the population size the longer it will likely 
take to reach fixation due to drift. If time permits, you can 
expand on this by simulating the effect of genetic drift on a 
larger population by increasing the population size to 16 tuco-
tucos. We recommend you set a time limit or generation limit 
for this activity since it could take much longer than the others. 
If you don’t have time for this part during class, you may ask 
the students to do it at home.

Part III of activity - founder effect, bottleneck, and 
wrap-up

In the final part of the activity, you will have students think 
about what real-life scenarios create small populations, thus 
increasing the impact of genetic drift. You may choose to do 
a think-pair-share for this or a more general class discussion 
only. You should guide the discussion to cover bottlenecks 
and founder effects, both of which result in populations with 
reduced size and thus show a greater impact of genetic drift. 
Real-life scenarios for both bottlenecks and founder effects are 
included in Supporting File S1: Small lecture slides, slides 13-
16 and S2: Large lecture slides, slides 15-18 as examples. Ask 
the students to reflect on why it is important to understand 
genetic drift and how it might impact them directly. Point out 
the differences between natural selection and genetic drift. 
Natural selection leads to the propagation of traits beneficial 
for survival and reproduction. Since genetic drift is random, 
it can lead to an increase in the frequency of traits that are 
potentially harmful or neutral to fitness. Note that it is still 
possible for genetic drift to cause an increase in the frequency 
of beneficial traits, though.

Following this, you should provide the take-home points for 
this module, then return to the opening two thought questions 
and ask students to re-submit their answers. You can use these 
as a formative assessment, where students should now identify 
that the population is evolving and that the change can be 
due to both random and non-random processes, where both 
drift and selection can act simultaneously on a population. 
You may also introduce the third thought question here, 
where students think about how their answers may change if 
the examined gene is known to not be under any selective 
pressure. Students should be able to now say that the changes 
in allele frequency are due solely to drift (assuming a closed 
population with no mutations). This third question will help 
students compare genetic drift to natural selection in order to 
reinforce that genetic drift is a random process and understand 
that more than one evolutionary process may act on a single 
trait simultaneously.

Lastly, Supporting File S3: Student handout contains 
space for students to graph the results of their simulations. 
Graphing may be done as part of the activity during parts I 
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and II, homework, additional practice, or omitted. The aim of 
the graphing activity is to help students visualize their results 
in order to strengthen their understanding of the patterns 
generated by their data. The graphing activity is also a great 
way to help students practice making and interpreting figures.

TEACHING DISCUSSION

The lesson was very well received by students and 
was beneficial in helping students overcome common 
misconceptions surrounding genetic drift. Student evaluations 
and unsolicited comments indicated that students enjoyed 
using the simulation as a strategy to learn about evolution. 
Compared to responses to thought questions at the beginning 
of the activity (Supporting Files S1: Small lecture slides, slide 
2 and S2: Large lecture slides slide 2), student understanding 
of genetic drift improved after the activity when the same 
questions plus an additional one were asked (Supporting 
Files S1: Small lecture slides, slide 18 and Supporting File S2: 
Large lecture slides, slide 20). Additional in-class formative 
assessments following a larger lesson on evolution showed 
that over 90% of students were able to identify genetic drift 
as a non-random process and an evolutionary force that 
could result in a reduction in genetic variation. In addition, 
instructors may wish to discuss scientific studies relevant to 
the chosen study organism used in this activity. For instance, if 
instructors kept in the choice of the tuco-tuco, then instructors 
can discuss how in certain species of tuco-tucos there is natural 
variation in pelage (fur) color, where some are melanic (dark-
colored), agouti (alternating bands of dark and light-colored 
pigmentation), or dark-backed (17-18). While this trait is likely 
under selective pressure in the wild, several studies have 
examined the role of genetic drift in driving shifting pelage 
color frequencies in various populations of tuco-tucos (17-
18). In addition, other species of tuco-tucos have undergone 
natural bottlenecks triggered by rapid environmental changes 
(e.g., floods and volcanic eruptions) (19-23). These natural 
events that increase the impact of drift through the reduction 
of population size thus offer instructors a unique opportunity 
to connect to recent events and scientific studies.

For larger lectures, we recommend that you use slides from 
Supporting File S2: Large lecture slides in place of the slides 
from Supporting File S1: Small lecture slides. Supporting File 
S2: Large lecture slides contain clicker voting questions to 
make data collection after each round faster and will allow 
you to display the results graphically. When you demonstrate 
the activity, ask for questions after your initial demonstration. 
If you are concerned that students don’t know how to proceed, 
we recommend that you repeat the demonstration a second 
time. Even in large classes, it will be important to facilitate 
the activity by walking around to individual groups. Lastly, 
as an alternative to asking students to write their answers to 
questions on the included worksheet (Supporting File S3: 
Student handout), you may instead: 1) ask them to write their 
answers as a discussion post on your learning management 
system (e.g. Blackboard, Canvas, Moodle, D2L, etc.), 2) 
discuss the questions in a think-pair-share format, or 3) use the 
questions as a 1-minute paper prompt. It will be important to 
implement a strategy that will allow you to review responses 
to identify any remaining misconceptions.

This activity was also piloted in a non-majors general 

education biology course. The course focused on topics such 
as genetics, biotechnology, and human affairs. The post-
activity assessment indicated that it was effective at improving 
student understanding of genetic drift. However, if instructors 
wish to use this activity for non-majors, we recommend 
they leave extra time (as much as 100 minutes) to introduce 
background information and complete the activity. It is 
imperative to establish a baseline understanding of underlying 
concepts like the relationship between a trait and an allele, 
and that mechanisms of evolution other than natural selection 
exist. Other knowledge gaps will exist that will be specific to 
the course implementation. We also recommend taking more 
time to explore examples where genetic drift becomes more 
pronounced (bottleneck and founder effect) so students can 
better understand how genetic drift may act and how these 
can lead to poorly adapted populations.

SUPPORTING MATERIALS

• S1. Furry with a chance of evolution - Small lecture 
slides.  Presentation slides to be used when teaching 
the lesson. These slides are recommended for smaller 
class sizes but may also be used for larger classes.

• S2. Furry with a chance of evolution - Large lecture 
slides.  Alternative presentation slides to be used when 
teaching the lesson. These slides contain clicker polls to 
collect data on allele frequencies and generation times 
and are recommended for larger class sizes but may 
also be used for smaller classes.

• S3. Furry with a chance of evolution - Student handout.  
Accompanying worksheet to be used concurrently 
with the activity. A portion of the worksheet (Extension 
Questions) is designed to be completed at home, but 
we encourage instructors to allow class time for the 
entire worksheet if time allows.

• S4. Furry with a chance of evolution - Student handout 
instructor version.  The answers provided here will help 
instructors assess student responses.

• S5. Furry with a chance of evolution - Sample 
assessment questions. This includes a multiple-
choice exam question and references for the Genetic 
Drift Concept Inventory and related work examining 
misconceptions about drift.
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Table 1. Furry with a chance of evolution - Teaching Timeline

Activity Description Time Notes

Preparation for Class

Obtain supplies and make 
handouts

1. Make one copy of Supplement 1 for each student in your 
class

2. Obtain beans of two different colors (eight needed per each 
group of 3-4 students)

3. For each cup, place at least eight beans of one color into 
the cup (it is OK if there are more than 8 beans)

~15 minutes You may use any other 
object that has two different 
color variants as long as 
they are about the same 
size. Other possibilities 
include M&Ms or Skittles.

Background

Introduction of study 
system and overview of 
evolution

Interactive lecture with opening thought questions ~5-10 
minutes

Lecture slides with notes 
are in Supporting Files S2 
and S3.

Opening Activity

Simulation of genetic drift Student groups conduct simulations and answer questions, 
followed by class-wide discussion and mini-lecture

~15-20 
minutes

Lecture slides with notes 
are in Supporting Files S2 
and S3.

Part II

Part II of simulations of 
genetic drift

Students repeat simulations, but with a smaller population size ~10-15 
minutes

Lecture slides with notes 
are in Supporting Files S2 
and S3.

Part III

Part III – founder effect, 
bottleneck, and wrap-up

Think-pair-share ~10-15 
minutes

Lecture slides with notes 
are in Supporting Files S2 
and S3.


