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      Abstract
The ability to interpret and create an argument from data is a crucial skill for budding scientists, yet one that is seldom 
practiced in introductory courses. During this argumentation module, students in a large lecture class will work in groups to 
understand how a single mutation can lead to an obvious phenotypic change among tomatoes. Before the module begins, 
students are provided with background information on mutations and techniques to give them a starting point to explain what 
they will see in the data. In class, students will use data from the primary literature to understand the relationship between 
single amino acid mutations and phenotypic variation within the context of a “big question” about garden tomatoes that 
ripen without turning red. Over two days, small groups will negotiate data, create and evaluate hypotheses, and consolidate 
their understanding through clicker questions and writing tasks. Together, they will craft an argument for how mutations can 
lead to phenotypic changes, even if they do not lead to disease like in many common examples. Through this activity, the 
instructor and students work together to understand an engaging and relevant example of the central dogma. During our 
implementation of this activity, we observed high engagement with the in-class and out-of-class aspects of the argumentation 
activities to explain how a single mutation could result in a visible change to the flesh of a tomato.

Citation: Woodbury J, Arneson JB, Anderson J, Collins L, Cavagnetto A, Davis W, Offerdahl EG. 2022. Garden Variety Mutations: Using Primary Data to Understand the Central Dogma in Large-
Lecture Introductory Biology. CourseSource 9. https://doi.org/10.24918/cs.2022.43

Editor: Jenna Hicks, University of Minnesota

Received: 2/23/2022; Accepted: 10/3/2022; Published: 11/22/2022

Copyright: © 2022 Woodbury, Arneson, Anderson, Collins, Cavagnetto, Davis, and Offerdahl. This is an open-access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License, which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source 
are credited. 

Conflict of Interest and Funding Statement: This material is based upon work supported by the National Science Foundation under Grant No. 1822490. None of the authors have a financial, 
personal, or professional conflict of interest related to this work.   

*Correspondence to: Erika G. Offerdahl; School of Molecular Biosciences, Washington State University, Pullman, WA 99164. Email: erika.offerdahl@wsu.edu

CourseSource  | www.coursesource.org 2022  | Volume 091

Lesson

Learning Goals

Students will:

◊	connect changes in DNA to an organism’s phenotype.

◊	understand that gene expression varies between different organisms 
and within the same organism.

◊	understand that mutations do not always lead to disease.

◊	practice interpreting data and evaluating hypotheses.

◊	From Biochemistry and Molecular Biology Learning Framework:
	» “How does the nucleotide sequence of the gene lead to 
biological function?”

◊	From Genetics Learning Framework:
	» “How is genetic information expressed so it affects an 
organism’s structure and function?
	» “How do different types of mutation affect genes and the 
corresponding mRNAs and proteins?”

Learning Objectives

Students will be able to:

◊	explain how a single nucleotide mutation can cause molecular 
changes that may lead to phenotypic differences.

◊	interpret photographic, northern blot, and protein sequence data 
from the primary literature.

◊	use primary data to evaluate hypotheses about the effects of 
mutations.

◊	identify how mRNA expression varies over an organism’s life cycle, 
in different environments, or in different cell types.
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INTRODUCTION

Understanding the flow of biological information is critical 
for life science majors (1). At the heart of this key concept lies 
the central dogma which is notoriously difficult for students 
to master (2-4). Students grapple with gene function, how 
proteins give rise to observable traits, and how changes in the 
DNA (e.g., mutations) may lead to altered gene expression or 
phenotypic differences (2-4). Students’ difficulties have been 
attributed to the “invisible” nature of the biological structures 
involved in information flow and to the need for students 
to engage in multilevel reasoning to generate explanations 
that ultimately connect the sub-molecular mechanisms to 
physiological outcomes (5-7). Given these challenges, creating 
activities that foster a deep understanding of the central dogma 
is crucial to students forming the foundation for in-depth 
learning of further biological phenomena. Importantly, it has 
been suggested that creating a “need to know” will increase 
the likelihood that students will make the causal connections 
necessary to master the central dogma (8).

Not surprisingly, several CourseSource activities have been 
developed to support student understanding of information 
flow in biological systems (e.g., 9-12). Many of these activities 
use common animal models such as Drosophila or C. elegans 
(9, 11), apply an inheritance- or population-based approach to 
understanding information flow (9, 11, 12), and use examples 
of human health and disease as a context to understand the 
central dogma (10, 12). These approaches constrain student 
thinking to animal models, often overlook the mechanisms 
of information flow, and may lead to a misconception that 
mutations inevitably lead to a disease state. This lesson 
was designed with plants as the model organism which is 
notable because plant-based examples are used less often 
in introductory biology (13). Using plant-based examples 
can promote student interest and knowledge in non-animal 
organisms, which are crucial to understanding life as a whole 
(14). Instead of an inheritance- or population-based approach, 
our lesson shifts the focus to the molecular changes linking 
mutation to phenotypic differences. Further, we intentionally 
chose an example where mutation does not lead to a disease 
phenotype, hoping to disconnect the assumption that 
mutations necessarily lead to cancer or diseases. Finally, our 
activity is framed by a “big question” that creates a need to 
know for the students.

Beyond understanding foundational concepts, 
undergraduate students should also develop competency in 
the skills and practices commonly used by biologists (15). The 
ability to craft and evaluate evidence-based arguments is key 
in biology and requires that biologists have proficient skills 
in data analysis, pattern recognition, and drawing appropriate 
conclusions. The importance of integrating argumentation-
based pedagogies in the biology classroom has long been 
recognized in K-12 contexts (16) as studies have shown these 
pedagogies can improve students’ abilities to craft evidence-
based arguments (17-20) and deepen students’ understanding 
of science concepts (21, 22).

While argumentation-based activities are increasingly 
implemented in undergraduate laboratory courses (23-
25), they are less common in large-lecture courses due to 
the logistical challenges associated with high-enrollment 

classes. Activities that target some of the skills involved in 
argumentation often take place over multiple weeks and are 
better suited for smaller classrooms or laboratory sections as 
they require access to computers or laboratory equipment 
(e.g., 9, 11). Lessons that have been designed for the large-
lecture environment prompt students to predict phenotypic 
changes (e.g., 10, 12). Our argumentation module extends 
on this by requiring students to reflect on, revise, or perhaps 
refute their initial predictions after collaborating with peers to 
interpret relevant data and consider alternative explanations.

Intended Audience
This lesson was designed for the molecular biology and 

genetics semester of a large-enrollment (~500 students) 
undergraduate introductory biology course at a research-
intensive, land-grant university. This course serves a variety 
of majors and pre-professional programs, consisting primarily 
of undergraduate science students ranging from first-year 
students to seniors.

Though we designed this lesson to strengthen student 
understanding of the central dogma and genetic mutation in 
introductory biology, the lesson could be adapted for use in 
genetics or molecular and cellular biology courses. This lesson 
has been implemented in a fixed-seating lecture hall but is 
well suited for more flexible classroom environments designed 
for small group work.

Required Learning Time
The module was designed to be implemented across two 

50-minute class periods. Students complete three online 
homework assignments: a pre-class quiz before Day 1 to 
prepare them for data interpretation, and a written summary 
task after each class session to demonstrate how they are 
making sense of the provided data and hypotheses.

Prerequisite Student Knowledge
The lesson was implemented after students received 

formal instruction on the central dogma, the processes of 
transcription and translation, amino acid properties, as well 
as protein folding and function. Students should be familiar 
enough with the concept of mutation to understand changes to 
the DNA sequence may (or may not) have downstream effects 
on transcription, translation, protein folding, and/or protein 
function. Students should also have some understanding of 
and practice with interpreting the results of gel electrophoresis. 
In this course, western blots were discussed during the unit 
on protein structure, and the background slides (S1. Garden 
Variety Mutations – Background Slides) prompt students to 
extend this understanding to northern blots. The pre-class 
quiz (S2. Garden Variety Mutations – Pre-Quiz) also reinforces 
their knowledge of gel electrophoresis in preparation for the 
activity.

Prerequisite Teacher Knowledge
Instructors should understand the processes of gene 

expression and the nature of mutations. They should also be 
familiar with amino acid properties and protein structure/
function in order to explain how small changes to DNA can 
lead to phenotypic variation. Background information can be 
found in an introductory biology textbook (see for example, 
Chapters 3 & 15 of the open-source textbook Biology 2e).

https://openstax.org/details/books/biology-2e
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Instructors should also have a basic understanding of the 
methods (e.g., leaf discoloration assay, northern blot) used to 
generate the data students are interpreting. The data sets for 
this activity were based on the following paper:

Barry, C. S., McQuinn, R. P., Chung, M.-Y., Besuden, 
A., & Giovannoni, J. J. (2008). Amino Acid Substitutions 
in Homologs of the STAY-GREEN Protein Are Responsible 
for the Green-Flesh and Chlorophyll Retainer Mutations 
of Tomato and Pepper. Plant Physiology, 147(1), 179–187. 
https://doi.org/10.1104/pp.108.118430.

SCIENTIFIC TEACHING THEMES

Active Learning
High-intensity active learning practices (defined as spending 

more than two-thirds of class time on active learning) have 
been shown to produce more equitable outcomes among 
diverse populations of students (27). This module exemplifies 
a high-intensity design developed specifically for a large-
lecture environment. Students are provided materials and a 
pre-class quiz to prepare for the in-class module, during which 
they spend the majority of their time working collaboratively 
to interpret data and craft written responses about what the 
data mean. Students also individually answer clicker questions 
and engage in whole-class and small-group discussion to 
draw connections between the clicker questions and their 
data interpretation. After the argumentation module, students 
engage in an individual writing activity to consolidate ideas 
from group and class discussion. Our decision to include 
individual writing activities for the argumentation modules 
was rooted in writing-to-learn research (28); most notably, 
research into the scientific writing heuristic approach to 
encourage individual knowledge consolidation outside of the 
group work throughout the activity (29, 30).

Assessment
We used several formative assessments to diagnose student 

learning throughout the argumentation modules (see below) 
and to capture students’ progress in interpreting data to answer 
the big question. In-class activities provided opportunities for 
students to engage with and make inferences from the data 
both as a group and independently. Outside of class, students 
completed short activities designed to help them prepare 
for each in-class session and to support their learning by 
articulating their explanation for the observed phenotypic 
differences. The instructor could also use responses from 
these activities to address potential misunderstandings or 
to help frame whole-class discussion. Ultimately, student 
understanding of the concepts covered in this lesson was 
assessed in a summative way on the unit exam.

Student learning was assessed by:
•	 A multiple-choice quiz (pre-class on learning 

management software [LMS]; S2. Garden Variety 
Mutations – Pre-Quiz) – students individually make 
basic interpretations of Northern blot results.

•	 Data interpretation questions (in-class; Supporting Files 
S3, S4) – students interpret figures from primary literature 
in small groups.

•	 Clicker questions (in-class; Supporting Files S5, S6) – 
students individually use the provided data to evaluate 
competing hypotheses.

•	 A data synthesis question (Day 1 homework on LMS; 
S5. Garden Variety Mutations – Day 1 Slides) – students 
individually review and submit a written synthesis of the 
figures from Day 1 of the activity.

•	 The summary writing task (Day 2 homework on LMS; 
S6. Garden Variety Mutations – Day 2 Slides) – students 
individually complete a written summary to answer the 
“Big Question” using data from both days.

•	 Exam questions (end of unit; S7. Garden Variety 
Mutations – Exam Questions) – students answer multiple-
choice questions assessing (1) conceptual understanding 
of gene expression and mutation, and (2) interpretation 
of electrophoresis data.

Inclusive Teaching
We designed this activity to encourage more students to 

bring different perspectives to scientific data and discussion. 
Students formed small groups, leveraging different experiences 
and backgrounds to interpret data and evaluate hypotheses. The 
variety of formative assessments and whole-class discussions 
throughout the argumentation module allowed students to 
express diverse ways of knowing, and by inviting groups to 
contribute to a whole-class model of the phenomena, the 
instructor highlighted more voices and gave credibility to 
more ideas beyond their own. The entire activity moved 
students away from a strictly traditional lecture style of class 
and into a group effort where more students are encouraged 
to contribute.

LESSON PLAN

Course Context
This argumentation activity (Table 1) was integrated into a 

large-lecture introductory biology course that covers molecular 
and cellular biology and genetics. This course is typically 
delivered in an interactive lecture format with periodic clicker 
questions and whole-class discussions led by the instructor. 
The instructor delivers the course in an amphitheater-style 
classroom with a daily attendance of ~450 students. We 
implemented this activity during the Fall 2019 and Spring 2020 
semesters (prior to emergency remote teaching), reflecting on 
students’ discussions and performance to refine the materials 
each semester using a design-based research approach (31).

Pre-class Day 1
The pre-class slides provide students with an overview of the 

activity, a review of the central dogma and potential effects of 
mutations, and information about the northern blot technique 
(S1. Garden Variety Mutations – Background Slides). Before 
coming to class, students should review the slides before taking 
a short pre-class quiz that walks them through an example 
interpretation of gel electrophoresis data to help prepare them 
for the activity (S2. Garden Variety Mutations – Pre-Quiz). As 
students in our course typically are allowed multiple attempts 
on pre-class quizzes, we allowed students two attempts on 
this quiz. However, the instructor can opt to limit students to 
one attempt.

https://doi.org/10.1104/pp.108.118430
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In Class Day 1
Introduction

As students arrive, the instructor should direct them to 
form small groups and display a slide with this instruction 
(S5. Garden Variety Mutations – Day 1 Slides). Once students 
are seated in their groups, the instructor should introduce the 
activity using the Big Question (S5. Garden Variety Mutations 
– Day 1 Slides):

How does DNA mutation lead to differences in the 
phenotype of [Instructor]’s tomatoes?

To frame this activity, the instructor should explain to 
students that they will reinforce their understanding of 
foundational biology concepts by acting as biologists engaging 
in scientific community and discourse to interpret data and 
evaluate hypotheses.

Data Set 1
While distributing Data Set 1 handouts (S3. Garden Variety 

Mutations – Day 1 Handouts) to all students, the instructor 
should broadcast the Figure 1 slide, which shows that the 
mutant plant has retained some green pigment after two weeks 
in the dark (S5. Garden Variety Mutations – Day 1 Slides), 
and emphasize the importance of each small group coming 
to a consensus when answering the associated questions. 
Displaying the slide as the data sets are passed out will provide 
students a little time to individually reflect on the data, so that 
once the physical copy is in front of them, groups can be 
ready to begin discussing their interpretation of Data Set 1 and 
answering the questions listed on the handout:

What do the results of these two experiments mean?

How would you explain what is happening in a tomato 
plant with the A → T mutation in the gf gene?

The instructor should give the class about 10 minutes to 
work through these problems but allow groups more time if 
needed for discussion.

Next, the instructor should present Clicker Question 1 (S5. 
Garden Variety Mutations – Day 1 Slides):

How would you explain what is happening in a tomato 
plant with the A → T mutation in the gf gene?

a.	 The mutation prevents translation of the gf mRNA into 
protein

b.	 More chlorophyll was produced in the mutant tomato 
plants than in wildtype plants

c.	 The GF protein produced did not work as well in mutant 
as compared to wildtype plants

d.	 The mutation prevented transcription of the gf gene in 
mutant plants

The four options represent the most common explanations 
students generated in a previous semester when asked to 
interpret Data Set 1 in an open-response question. At this point, 
the data provided cannot rule out any of these hypotheses, 
so the clicker question serves as a means to capture initial 
thoughts about the impact of mutation on GF expression. 
After students answer the clicker question, the instructor 
should display the distribution of student responses and ask 
for volunteers to explain the reasoning behind their selections. 
The follow-up discussion should address all four options, and 
the instructor should affirm for the class that, despite whatever 
trend may emerge in student responses, there is not a single 
correct answer. While the hypotheses provided were the most 
common, they are by no means the only possible explanations 
for the phenotypic differences between wildtype and mutant 
tomatoes. Thus, the instructor should prompt students to share 
other ideas their groups had and write those down on the 
overhead or slide to give credit to students who have come up 
with another possible explanation.

Data Set 2
While distributing Data Set 2, the instructor should 

emphasize the need for more information to rule out some 
of the potential explanations. This northern blot data reveals 
the mutant gf gene is expressed during the same stages of 
development as the wildtype GF. Since introductory-level 
students may be less familiar with northern blots, the instructor 
could provide a brief explanation of the technique to review 
the information from the pre-class activity before groups begin 
discussion. Ten minutes are an appropriate starting point to 
work through the new set of data and answer the following 
questions (S3. Garden Variety Mutations – Day 1 Handouts):

How does the expression of the mutant gene compare 
to that of the wildtype gf gene?

How, if at all, do the results in Figure 2 alter your 
prediction about the effect of the A → T mutation from 
Figure 1?

Figure 1. Students wrote a significant amount (median word counts 75 and 70, 
respectively) on the Day 1 and Day 2 homework writing activities.
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The instructor should verify that small groups are coming 
to consensus while discussing their answers and allow more 
time for discussion if needed. While groups are working and 
discussing, the instructor should move through the classroom, 
listening to the reasoning groups are coming up with, clearing 
up confusion, and answering questions.

Next, the instructor should present Clicker Question 2 (S5. 
Garden Variety Mutations – Day 1 Slides):

Based on Data Set 2, which explanation can you rule 
out?

a.	 The mutation prevents translation of the gf mRNA into 
protein

b.	 More chlorophyll was produced in the mutant tomato 
plants than in wildtype plants

c.	 The GF protein produced did not work as well in mutant 
as compared to wildtype plants

d.	 The mutation prevented transcription of the gf gene in 
mutant plants

During a follow-up whole-class discussion, student 
volunteers should explain why they ruled out a particular 
hypothesis and why they could not rule out the others. The 
instructor should be sure to note when students bring up 
evidence from one of the data sets.

Day 1 Wrap-up
Following whole-class discussion, the instructor should 

summarize the ideas posed by students about Data Sets 1 & 2, 
and then introduce the homework assignment to be completed 
before Day 2 (S5. Garden Variety Mutations – Day 1 Slides).

Pre-class Day 2
Students should complete the pre-class activity for Day 2, 

one open-ended question requiring a written response (S5. 
Garden Variety Mutations – Day 1 Slides):

What is your current explanation for how DNA mutation 
leads to differences in the phenotype of the tomatoes?

Before class, the instructor could skim responses for general 
trends and potential misunderstandings or misinterpretations 
and use this information to shape the introductory discussion 
on Day 2.

In Class Day 2
Day 2 Introduction

Again, students should be directed to form groups upon 
entering the classroom. Though we asked students to work 
in the same group for both days, this may not be necessary. 
When groups are settled, the instructor should remind the 
class about the Big Question and display the first two data 
sets. The instructor could share or ask students to share the 
conclusions drawn from the first two data sets and remind the 
class of information from the activity background. They could 
also incorporate trends seen in the pre-class activity for Day 2 
into this initial discussion. Next, the instructor should present 
Clicker Question 3 (S6. Garden Variety Mutations – Day 2 
Slides).

How would you explain what is happening in a tomato 
plant with the A → T mutation in the gf gene?

a.	 The mutation prevents translation of the gf mRNA into 
protein

b.	 More chlorophyll was produced in the mutant tomato 
plants than in wildtype plants

c.	 The GF protein produced did not work as well in mutant 
as compared to wildtype plants

d.	 The mutation prevented transcription of the gf gene in 
mutant plants

Once students have entered their answers, the instructor 
should affirm that only one explanation can be ruled out at this 
point and emphasize the need for more data to evaluate the 
remaining hypotheses. The instructor should then introduce 
the third piece of data (S4. Garden Variety Mutations – Day 
2 Handout).

Data Set 3
Data Set 3 depicts a portion of the primary structure of the 

wildtype and mutant proteins, demonstrating the mutation 
resulted in one amino acid residue being substituted by a 
different residue. After Data Set 3 is displayed and distributed, 
students should discuss the following questions with their 
team (S4. Garden Variety Mutations – Day 2 Handout):

How, if at all, did the A → T nucleotide change affect 
the protein’s primary structure?

How, if at all, did the A → T nucleotide change affect 
the function of the wildtype protein?

The instructor should monitor student groups to determine 
how students are working with the data, what explanations 
student groups have generated for Data Set 3, and the degree 
to which there is any confusion about the data.

Next, the instructor should start Clicker Question 4 (S6. 
Garden Variety Mutations – Day 2 Slides):

Based on Data Set 3, which explanation can you rule 
out?

a.	 The mutation prevents translation of the gf mRNA into 
protein

b.	 More chlorophyll was produced in the mutant tomato 
plants than in wildtype plants

c.	 The GF protein produced did not work as well in mutant 
as compared to wildtype plants

d.	 The mutation prevented transcription of the gf gene in 
mutant plants

After the class has answered this clicker question individually, 
the instructor could start the discussion by asking students to 
explain what information they gained from Data Set 3. Using 
that information, volunteers can justify why they ruled out 
their selected explanation and why they could not rule out 
the other hypotheses. Some students may need prompting to 
think deeper about the structural and functional consequences 
of substituting amino acids in the primary sequence. While 
facilitating the discussion, the instructor should highlight when 
student volunteers offer details about amino acid properties, 



CourseSource  | www.coursesource.org 2022  | Volume 096

Garden Variety Mutations: Using Primary Data to Understand the Central Dogma in Large-Lecture Introductory Biology

protein folding, or the impact of structure on function. If 
necessary, the instructor can pose guiding questions to elicit 
those details and connections.

Answering the Big Question
As the final group component of the activity, the instructor 

should display the Big Question on the slides (S6. Garden 
Variety Mutations – Day 2 Slides). The instructor should direct 
students to start a discussion of the Big Question in their 
groups:

How does DNA mutation lead to differences in the 
phenotype of [Instructor]’s tomatoes?

After a few minutes of group discussion, the instructor 
should start Clicker Question 5 (S6. Garden Variety Mutations 
– Day 2 Slides):

How would you explain what is happening in a tomato 
plant with the A → T mutation in the gf gene?

a.	 The mutation prevents translation of the gf mRNA into 
protein

b.	 More chlorophyll was produced in the mutant tomato 
plants than in wildtype plants

c.	 The GF protein produced did not work as well in mutant 
as compared to wildtype plants

d.	 The mutation prevented transcription of the gf gene in 
mutant plants

Following the clicker question, the instructor should begin 
a whole class discussion, eliciting multiple groups’ ideas 
and prompting students to offer additional details to support 
or to counter provided explanations. Students should be 
encouraged to use the three data sets as evidence to support 
their explanations and to discuss the limitations of the provided 
data. The instructor could also prompt students to think about 
what additional data they might collect to further evaluate 
the remaining hypotheses. At the end of class, the instructor 
should summarize the results of the whole-class discussion 
and introduce the individual homework to be completed 
outside of class.

After Day 2
Students should work independently to answer the Big 

Question as a homework assignment (S6. Garden Variety 
Mutations – Day 2 Slides):

“How does the single nucleotide mutation in the GF 
gene affect the phenotype of [Instructor]’s tomato plants?”

TEACHING DISCUSSION

Observations
This argumentation module provided students with an 

opportunity to engage each other in meaningful discussion 
in class and to articulate their own reasoning through writing 
assignments. Typically, students in this course would have 
multiple attempts to complete five multiple-choice reading 
questions before coming to class, where they would participate 
by answering a few clicker questions sprinkled throughout the 
lecture. Despite the significant departure from typical class 
expectations, the argumentation module was still only worth a 
small number of points (homework and in-class participation 

for the two-day module comprised ~1.5% of the course grade). 
Based on this and the scheduling of the module right before 
the first exam, we were initially concerned students might not 
engage in pre-class activities or in-class argumentation.

However, we were pleased to see that students completed 
their homework and participated in clicker questions to a 
similar extent during the argumentation module as they had 
during typical class days (Table 2). After the clicker questions, 
students engaged in lively discussions within their small groups, 
and several volunteers offered their groups’ ideas during 
whole-class discussion. On the daily writing assignments, 
most students submitted at least a paragraph (median word 
counts ~70; Figure 1) in which they leveraged the provided 
data and hypotheses to answer the Big Question. Many 
students evaluated multiple hypotheses in their responses and 
even used the argumentation module resources to generate 
their own alternative, testable explanations.

Suggestions for possible improvements or adaptations
When implemented, the Day 2 activities and discussions 

did not require the entire session, leaving the instructor 10-
15 minutes to use for general exam review. While this suited 
the needs for our course, we recognize some instructors may 
want to extend the module, especially if students are less 
accustomed to engaging in discussion. On Day 1, for instance, 
groups could be asked to draw models that make explicit the 
connections between each of the hypotheses and the mutant 
tomatoes’ phenotype following Clicker Question 1. These 
models could potentially help students connect the hypotheses 
to the data sets and the molecular processes involved.

Additional time could also be used to facilitate student 
discussion on Day 2. Instead of beginning with a whole-class 
discussion, the instructor could first ask students to discuss 
how they answered the Day 1 writing assignment in their small 
groups. This could help students refresh their memory of the 
previous day’s data and consider more diverse ideas before the 
instructor brings the class back together with a review clicker 
and discussion.

Alternatively, an additional task could be assigned at the end 
of the module. Since there are multiple explanations that have 
not been ruled out by the provided data, groups could work 
together to brainstorm what other data they could collect or 
devise an experiment to further test hypotheses. For an upper-
level course, students could make use of their knowledge of 
molecular techniques to assist in this experimental design.

Reflections
In a previous implementation of this module, student 

responses revealed they were mainly trying to discern minute 
differences in signal intensities within the northern blot and 
neglecting the broader picture; the gene is expressed during 
the same stages of ripening in both plants. This prompted us 
to make three important changes to the module. Specifically, 
we 1) were more thoughtful in introducing the experimental 
method, explicitly describing why loading controls are used, 2) 
altered the final hypothesis to have them evaluate if transcription 
was prevented rather than affected, and 3) made sure to 
discuss discrepancies in interpreting the blot during follow-
up, highlighting why it can be difficult to visually determine 
differences in signal intensity. We considered but ultimately 
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rejected adding quantitative measurements to the data set as it 
would likely detract students from trying to make sense of and 
debating their interpretations of the actual blot if they could 
simply glean from a bar chart that there was no difference.

The other figures were less challenging for students to 
interpret. We recommend, however, encouraging students 
to draw on their prior knowledge to consider the biological 
implications of the results during small group and whole class 
discussions. For Figure 3, for instance, many students merely 
identified the substituted amino acid or classified the type of 
mutation that took place. Additional prompting was necessary 
to help students think more deeply about the consequences of 
such a mutation and how those changes in protein structure 
may lead to the observed phenotypic changes. Students were 
largely able to rule out the appropriate hypotheses after each 
data set interpretation, and they predominantly selected 
Hypothesis C as the most likely explanation by the end of the 
module. Some students, however, still felt Hypothesis B was 
the more likely explanation. This was the ideal result for us 
because it set the discussion up for limitations of data and 
potential alternative explanations.

We intentionally designed this activity to be simpler in 
terms of both content and data, so as to provide students 
an opportunity to practice argumentation skills in a review 
situation, before asking them to do so while diving into new 
concepts and more challenging data (32). We still recommend 
that students be provided opportunities to practice extracting 
information from common biological representations (e.g., 
graphs, schematics, gels) before engaging in argumentation to 
help scaffold their skill development.

This argumentation module was one of two such modules 
designed to augment the interactive lecture course (see [32] 
for the other module). While we felt students got a lot out of 
this module, we believe that students’ argumentation skills 
will grow even more with practice and use in different content 
areas. It would be exciting to see an introductory course where 
the majority of time was structured around close inspection 
of data, hypothesis testing, and scientific argumentation. 

SUPPORTING MATERIALS

•	 S1. Garden Variety Mutations – Background Slides
•	 S2. Garden Variety Mutations – Pre-Quiz
•	 S3. Garden Variety Mutations – Day 1 Handouts
•	 S4. Garden Variety Mutations – Day 2 Handouts
•	 S5. Garden Variety Mutations – Day 1 Slides
•	 S6. Garden Variety Mutations – Day 2 Slides
•	 S7. Garden Variety Mutations – Exam Questions
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Table 1. Lesson Plan Timeline. The Lesson Plan for the Module allows time for small-group and whole-class 
discussions centered on interpreting data and evaluating hypotheses from the 3 Data Sets.

Activity Description Estimated Time Notes

Preparation for Class, Day 1

Instructor Activities, Pre-Class 
Day 1

1.	 Post slides and pre-quiz.

2.	 Print Data Sets 1 and 2.

3.	 Organize materials for 
deployment.

2-4 hours, depending 
on size of class

See Supporting Files S1–S3.

Collate printouts for quick distribution based 
on number of seats/classroom arrangement.

Student Activities, Pre-Class 
Day 1

1.	 Review background slides & 
overview.

2.	 Complete pre-quiz.

1-2 hours

In-Class Day 1

Group Formation Students self-assemble into small 
groups and elect a “scribe.”

<2 minutes Project instructions before class to reduce 
time needed.

Introduce the Argumentation 
Module

Review background information 
from slides and introduce the 
“Big Question.”

5 minutes If students struggled with the pre-quiz, briefly 
discuss how to interpret gel electrophoresis.

Data Interpretation 1 Display/ distribute Data Set 
1. Students work in groups to 
answer questions.

10 minutes See Supporting Files S5 and S3.

Clicker Question 1 Present CQ 1 and poll class.

Elicit student reasoning in whole 
class discussion.

2-3 minutes for CQ + 
7-8 minutes to discuss

Clicker Questions are found in Supporting 
File S5. Garden Variety Mutations – Day 1 
Slides.

Data Interpretation 2 Display/ distribute Data Set 
2. Students work in groups to 
answer questions.

10 minutes Data Set 2 is found in Supporting File S3. 
Garden Variety Mutations – Day 1 Handouts.

Clicker Question 2 Present CQ2 and poll class.

Elicit student reasoning in whole 
class discussion.

10 minutes Clicker Questions are found in Supporting 
File S5. Garden Variety Mutations – Day 1 
Slides.

Day 1 Wrap-Up Summarize the day’s activities 
and introduce the homework for 
Day 2.

3 minutes

Pre-Class Day 2

Instructor Activities, Pre-Class 
Day 2

1.	 Post Pre-Class Homework.

2.	 Prepare Data Set 3 
handouts.

3.	 Review student pre-class 
answers to sample student 
reasoning.

2-4 hours Homework prompt found in S5. Garden 
Variety Mutations – Day 1 Slides.

Data Set 3 is found in Supporting File S4. 
Garden Variety Mutations – Day 2 Handouts.

Student Activities, Pre-Class 
Day 2

1.	 Review Data Sets 1 & 2.

2.	 Answer writing prompt.

15-30 minutes

In-Class Day 2

Introduction 1.	 Ask students to re-form their 
groups from Day 1.

2.	 Display Data Sets 1 and 2 
and lead brief discussion on 
interpretation of each.

5 minutes See Supporting File S6. Garden Variety 
Mutations – Day 2 Slides.

Clicker Question 3 Present CQ3 and poll class. 5 minutes his question is meant to gauge student 
understanding of Day 1 data and remind 
students of the ruled-out hypothesis.

Data Set 3 Display/ distribute Data Set 3.

Students work in groups to 
answer questions.

10 minutes Data Set 3 is found in Supporting File S4. 
Garden Variety Mutations – Day 2 Handouts.
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Activity Description Estimated Time Notes

Clicker Question 4 Present CQ4 and poll class.

Elicit student reasoning in whole 
class discussion.

2-3 minutes for CQ + 
7-8 minutes to discuss

CQ 4 can be found in Supporting File S6. 
Garden Variety Mutations – Day 2 Slides.

Answering the Big Question Display the Big Question and 
start small group discussions.

5 minutes Allow time for small groups to share their 
individual answers to the Big Question with 
each other.

Clicker Question 5 Present CQ5 and poll class. 2-3 minutes for CQ CQ 5 can be found in Supporting File S6. 
Garden Variety Mutations – Day 2 Slides.

Answering the Big Question as 
a class

Lead the class in discussing 
answers to the Big Question.

5-10 minutes See Instructor Notes in S6. Garden Variety 
Mutations – Day 2 Slides for suggestions in 
whole class discussion.

Wrap-up Summarize the Big Question 
discussion and introduce 
summary writing assignment.

2 minutes

Post-Argumentation Activity

Instructor Activities, Post-Class 
Day 2

Post the Individual Student 
Summary Writing activity as a 
homework assignment.

15 minutes Homework prompt is found in Supporting 
File S6. Garden Variety Mutations – Day 2 
Slides.

Individual Student Summary 
Writing

Students use Data Sets 1-3 to 
answer the Big Question.

15-30 minutes
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Table 2. Student participation in the clickers and homework fell within the typical ranges of participation for the 
course.

Typical Class Sessions During the Argumentation Module

Clicker Participation 77-93% Day 1: 84%

Day 2: 92%

Homework Completion 87-97% Pre-Quiz for Day 1: 79%

Pre-Quiz for Day 2: 91%

Summary Activity: 79%


