
Title: Discovering Genetics 

Subtitle: Students will create questions based on evidence from scientific experiments with the goal of 

discovering Mendelian genetics without ever being told exactly what it is. 

Abstract: 

This lesson is designed to give students a deeper intuition as to what the rules of genetics are and how 

those rules apply to the creation of Punnett Squares. The lesson slowly reveals evidence from Mendel’s 

pea experiment. After each piece of evidence is revealed, students are then instructed to design yes-or-

no questions inquiring about the evidence. At the end of the lesson, students are left with numerous 

pieces of information regarding Mendel’s experiments and are then instructed to write their own theory 

explaining how genetics are passed on to future generations. Therefore, students become scientists 

within the classroom and discover Mendelian genetics through both active and inquiry based learning. 

The active learning model is a method that has shown to provide students with a more intuitive 

understanding of concepts that then leads to higher test scores (Freeman 2014), while the inquiry based 

model has been shown to increase a student’s overall self-confidence regarding their scientific abilities 

(Gormally 2009). 

Requirements: 

This activity requires; 

• PowerPoint 

• Projector 

• Access to color printing 

• Poster paper 

• Colorful markers 



Engage: 

The lesson opens with the following questions; Have you ever heard of GMOs? If so, what is it? Students 

are given three minutes to discuss their answers within groups. Next, students are asked to share those 

answers with the class. Following student discussion, facts from the USDA are then shared on the topic 

of hunger in America. The infographic used conveys the message that more GMOs could help alleviate 

the problem of hunger in America.   

Opening the lesson with a focus on GMOs helps students to realize the value in studying genetics. 

Without an understanding of genetics, society would not have GMOs, and without GMOs, society would 

have less food.  

Explore:   

For scientists to be able to change the genetics of the world’s food products and produce GMOs, 

scientists must first understand the basic rules of genetics. The students job for this lesson is to become 

a scientist for the day and answer the question; how do genetics work? For this activity students will be 

in groups of three to five depending on the size of the class and layout of the room. Students will be 

shown images that represent evidence from the Gregor Mendel pea experiments (Figures 1-2). A link to 

download the full Power Point for this lesson, including images for all evidence, can be found below in 

the section titled; On The Web.  The images in the Power Point are also given to students in a laminated 

color print out, so they can reference old evidence while going through the activity. Students are given 

the evidence one piece at a time and are required to analyze the information for four minutes and 

discuss as a group the meaning of the information. Each group is required to write three yes-or-no style 

questions with the hope of discovering the rules of genetics. The questions need to be designed in such 

a way that the student can learn something about the outcome. Groups are required to come up with 

three questions to help prevent two groups from having the same question. Students will ask the 



teacher the yes-or-no questions. All groups will be required to listen to both the student’s question and 

the teacher’s response to the question. The groups are also required to write down the answers to all 

questions. An example of a frequently asked question during this activity is one that follows evidence #1 

(Figure 1). The question frequently asked was, “Are yellow peas always produced when you have yellow 

and green parents?” The answer to this question would be no, and all groups would need to write down 

that answer down.  This process is repeated five times for each piece of evidence with all groups being 

required to ask one question per a piece of evidence.  

Explain: 

For the explore portion of this lesson, students are shown alternating evidence. The first image depicts 

an outcome from the Mendel pea experiment, while the second image shows a Punnett Square 

explaining the outcome. This pattern is repeated for the third and fourth images. The fifth image, 

however, shows only the outcome of the experiment and does not follow up with a sixth image 

depicting the actual Punnett Square. Students are required to take 10 minutes to discuss the outcome of 

evidence five and to write their own explanation for the result. Students are required to use all prior 

pieces of evidence, along with the answers to their yes-or-no questions, to design their explanation. At 

the end of the 10 minutes, groups are called on to share their answers and rationale regarding evidence 

five. 

Elaborate: 

Students are assigned a piece of poster board and markers. Their new task is to write three rules for 

how genetics work, based on the information provided in the lesson. The groups are given fifteen 

minutes to discuss and write their rules. After the groups have written their three rules for genetics, 

they are then required to share. Groups are called to the front of class and asked to share the rationale 

for their three rules. 



Evaluate: 

By the end of the activity, students should be able to: 

• Use the evidence presented to determine that some traits are dominant over others  

• Use the evidence presented to determine that traits segregate 

• Use the evidence presented to construct their own Punnett Square 

• Clearly articulate their group created rules for how genetics works based on the evidence 

presented 

A formative and summative assessment are utilized to evaluate the students. The formative assessment 

grade is based on the in class presentation explaining the three rules for genetics. This presentation is 

important to ensure that all students are working amongst the group and contributing to the academic 

discussion. A rubric is utilized to grade this assessment (Figure 3). The summative assessment consists of 

an exit ticket that all students must complete individually. The exit ticket consists of a single question 

that reads, “Pick a rule for genetics that you and your group came up with in today’s lesson and explain 

to me, using two sentences, why you feel this rule is true. Be sure to use evidence from today’s lesson in 

your answer.” The short response encourages students to think critically about their answer. Picking one 

rule also allows the student to explain the aspect of genetics that makes the most sense to that 

particular student.  

Teacher Feedback: 

This lesson was given to five different on-level ninth grade biology classes at Barbers Hill High School in 

the 2017-2018 school year. It was also given to a group of teachers at Rice university for the Nano 

Environmental Engineering for Teachers (NEET) program which is an organization designed to help 

develop science teachers in the ways of inquiry based lessons. The lesson was originally designed to be a 

one-day lesson for a fifty-five minute class, however, due to the nature of student discussion, it moves 



slower than originally anticipated, and is therefore a two-day lesson for a fifty-five minute class. The 

Academic Dean of Instruction at Barbers Hill High School observed this lesson and had the following 

feedback; 

 “Wow!! Your ability to have freshman inquire and critically think through the experiment as an 

introduction to genetics was absolutely fantastic! A couple of tweaks might help the effectiveness of the 

lesson-  

1.       Have a copy of each paper for every pair (2 students). This will prevent the ability for a student 

to opt out of the lesson or rely on the “smart” kid to do everything. 

2.       Turn your groups so no student’s back is facing the projector (a couple of girls never turned 

around to see your direct instruction and were not looking at the paper)” 

Based on the above feedback to this lesson, having enough color printouts of the evidence so that every 

two students have an image will help reduce students from opting out. Also, taking time to ensure the 

perfect layout of desks for the groups will also ensure all students are actively participating in the lesson.  

On the web: 

Download full Power Point to this lesson at 

https://drive.google.com/file/d/1AdIg5ZxwJNpxjLrBQjSCVjOpzEQ9NWW-/view?usp=sharing  
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Figure 1: Evidence # 1 

(Insert image here) 

Figure 2: Evidence # 2 

(Insert image here) 

 

Figure 3: Rubric for group presentation 

 Excellent (5 Points) Good (3 Points) Needs Improvement (1 Point) Total Points 

Delivery Students speak loudly, 
clearly and confidently 
about the content so 

that all students can hear 
the ideas expressed.   

Students speak mostly in 
a loud, clear and 

confident tone while 
discussing content so 

that all students can hear 
the ideas expressed.   

Students do not speak in 
a loud and clear manner 
so that it is difficult for 
other students to hear 

and understand  

 

Team Effort All students speak and 
work together as a team 

throughout the 
presentation 

Most students speak and 
work together as a team 

throughout the 
presentation 

Only one or two students 
contribute to the 

presentation 

 

Content Students have three 
rules for genetics and 

explain why they believe 
the rules are true 

Students mostly have 
three rules for genetics 
and mostly explain why 

they believe the rules are 
true 

Students do not have 
three rules for genetics 
and do not fully explain 
why they believe their 

rules to be true 

 

Use of evidence Students use evidence 
from the lesson for each 

rule 

Students use evidence 
from the lesson for only 

two of their rules 

Students use evidence 
from the lesson for only 

one or none of their 
rules 

 

 



Figure 4: Exemplar Student Work 

(Insert image here) 

 

Figure 5: Connections to the Next Generation Science Standards and Common Core State Standards 

Next Generation Science Standards HS-LS3 Heredity: Inheritance and Variation of Traits 

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Analyzing and Interpreting Data 
Analyzing data in 9-12 builds on K-8 
experiences and progresses to introducing 
more detailed statistical analysis, the 
comparison of data sets for consistency, and 
the use of models to generate and analyze 
data. 
 
Apply concepts of statistics and probability 
(including determining function fits to data, 
slope, intercept, and correlation coefficient 
for linear fits) to scientific and engineering 
questions and problems, using digital tools 
when feasible. (HS-LS3-3) 
 

LS3.A: Inheritance of Traits 
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 for forming species’ 
characteristics are carried in DNA. All cells in 
an organism have the same genetic content, 
but the genes used (expressed) by the cell 
may be regulated in different ways. Not all 
DNA codes for a protein; some segments of 
DNA are involved in regulatory or structural 
functions, and some have no as-yet known 
function. (HS-LS3-1) 
 
 

Cause and Effect 
Empirical evidence is required to 
differentiate between cause and correlation 
and make claims about specific causes and 
effects. (HS-LS3-1),(HS-LS3-2) 
 
Science is a Human Endeavor 
Technological advances have influenced the 
progress of science and science has 
influenced advances in technology. (HS-LS3-
3) 
 
Science and engineering are influenced by 
society and society is influenced by science 
and engineering. (HS-LS3-3) 

 
Common Core State Standards Connections: 
ELA/Literacy - 
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to 

important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-LS3-
1),(HS-LS3-2) 

 

 

 

 

http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12


DISCOVERING 
GENETICS
TODAY YOU ARE ALL SCIENTISTS!



HAVE YOU EVER HEARD OF A GMO? 

WHAT IS IT?



GMO = GENETICALLY MODIFIED ORGANISM



Scientists have 
“turned off” genes 
that cause tomatoes 
to wilt.



Some argue that the use of more 
GMO foods could help reduce 
hunger in the US and world.
_________________________

If food could be grown faster, 
using less land, and cheaper, 

food supply could increase and 
cost could decrease.

________________________
What are your thoughts?  



GOAL FOR TODAY

• For scientists to be able to change the genetics of our foods, we must 
first understand the rules of genetics. How do genetics work???

• Your job today is to be a scientist!

• I will give you data, and you must try and figure out the rules for 
passing on traits, thus the rules for genetics.

• This is easier said then done, but let’s give it a try



DIRECTIONS: 

• Each group will be given a piece of evidence.

• Task: Create 3-4 Yes/No questions you would like answered about the evidence.

• At the end of three minutes, I will answer 1 of those questions from each group. Record the answer!

• Next, you will be given another piece of evidence. Repeat….until Evidence 5. 

• At the end, you must write a the rules for how genetics works, and how do organisms pass on 
different traits. These “rules” will be your Scientific Theory explaining how Genetics works!



EVIDENCE # 1

*Every time a pure yellow pea is bred with a pure green pea, only yellow peas are born

Parent Generation (Pure Breed) F1 Generation 

Remember: You are coming up with 
YES or NO questions about the data.
Goal: We are trying to figure out the 
rules of genetics based on the evidence.



EVIDENCE # 2
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Remember: You are coming up with 
YES or NO questions about the data.
Goal: We are trying to figure out the 
rules of genetics.



EVIDENCE # 3

Parent Generation (Pure Breed) F1 Generation 

F1 Generation F2 Generation 



EVIDENCE # 4
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Remember: You are coming up with 
YES or NO question about the data.
Goal: We are trying to figure out the 
rules of genetics.



EVIDENCE # 5

F1 Generation F2 Generation 

F2 Generation F3 Generation 



DESIGN YOUR OWN TABLE (7 MINUTES)

• I want you to use the outcome laid out in Evidence 5 and to design a table to explain that 
outcome.

• Use Evidence 2 and evidence 4 to help you design your table

• This may seem hard at first, but give it a try, and ask me questions 



THEORY TIME (10 MINUTES)

• You now have TWO jobs!

• 1. I want you and your group to come up with an explanation for evidence 5

• Why did the cross between a green pea and a yellow pea from the F2 
generation produce ½ yellow peas and ½ green peas?

• 2. I want you to write THREE rules for passing on traits based on the evidence 
presented today

• 3. Groups will be required to SHARE their theories

• Hint: Use your explanation to evidence 5 to help you write your RULES
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