
Developing Quantitative Skills in Your 
Courses Using HHMI BioInteractive 

Resources

Holly Basta, Ph.D., Rocky Mountain College
Rebecca Orr, Ph.D., Collin College



Welcome!

Label your sticker with the course(s) you teach:
BIO, MICRO, A&P, other (specify)

Discuss with your table:
1.  What is your biggest strength as a professor?
2.  What is your biggest challenge in your courses?



Workshop Agenda

•  Introductions
•  Importance of teaching quantitative skills
•  Overview and exploration of HHMI resources
•  Examples from our classrooms
•  Assessment activity
•  Implementation: What will you take home to your 

classrooms?



Workshop Goals
•  To understand quantitative literacy as part of the Call to Action
•  To become familiar with the HHMI website and available 

resources
•  To learn about modifying, scaffolding, and supplementing of 

HHMI and partner resources for your classroom
•  To participate in an active assessment strategy of quantitative 

skills
•  To explore development and modification of HHMI resources 

in your own classroom



Summarize 
this figure
Effect size of active 
learning by 
discipline

Horizontal lines show 
95% confidence 
interval

Numbers indicate the 
number of independent 
studies included in 
meta analysis Scott Freeman et al. PNAS 2014;111:8410-8415 

Assessment	scores	 Failure	rate	



Benefits of active learning

“Relate concepts to real-world examples”
“Develop lifelong science-learning competencies”
“Introduce fewer concepts in greater depth”
“Stimulate the curiosity of students”
“Demonstrate the passion scientists have for their discipline”
“Engage students as active participants”
“Use multiple modes of instruction”
“…active, outcome oriented, inquiry-driven and relevant.”

Which of the following are important to you?



Vision and Change

NSF “Vision and Change” 
identifies quantitative reasoning as 
a core competency



Students need quantitative skills…

Now: inability to transfer and apply skills between math and science courses 
(Brent 2004, Gross 2004, Hoy 2004)

In the near future: standardized tests (GRE, MCAT) now assess 
quantitative reasoning because of its importance in graduate school 
(Barraquand et al 2014) and medical school (AAMC/HHMI 2009)

In their careers: “omics” era is quantitative and interdisciplinary; lack of 
quantitative skills is impeding advances in research (Chitnis and Smith 2012, 
Fawcett and Higginson 2012, Fernandes 2012)



Brainstorm Activity:  
Which quantitative skills are important in your classroom?

•  Quantitative reasoning applied to biological teaching practice:
•  Evaluate and interpret data
•  Developing and interpreting graphs
•  Applying statistical methods to diverse data
– Calculate descriptive statistics
– Conduct inferential statistical tests
– Interpret statistical significance

•  Mathematical modeling
•  Managing and analyzing large data sets 



How Should We Approach Design of Biology 
Curricula?

Vision	and	Change	2011	Report	



Why we like HHMI BioInteractive

•  Free and accessible
•  Clear, polished, entertaining
•  Focused on active learning and 

engagement
•  Use of real data and real scientists
•  Diversity of resources

Short Courses

Virtual LabsScientists at Work

Data Points



Topics on BioInteractive



Working with Data



Working with Data



Links with Annotated Science Papers

•  http://www.scienceintheclassroom.org/

• Papers published in the journal Science with a rich library 
of supporting information

• How many of you are familiar this resource?



Links with Annotated Science Papers

•  Does bad luck cause cancer?



Links with Annotated Science Papers



Scientist at Work  





Short Films

Embrace	the	power	of	the	story	to	motivate	students	to	dive	into	the	data	



Scavenger Hunt Activity

•  Select a resource type you’d like to explore further: 
1.  Data Points
2.  Short Courses
3.  Activities
4.  Click and Learns
5.  Virtual Labs
6.  Science in the Classroom

•  Use the worksheet to guide you through your chosen resource (15 min)
•  Discuss your findings with your table (15 min)



How Can I Modify HHMI Resources?
•  Deconstruct and scaffold to your learning outcomes and technology
•  HHMI resources are best when modified for your learning environment
•  Addresses posted answer key concerns

•  Use the references to locate original sources
•  Bring in more data
•  Recognize data types
•  Recreate figures 
•  Perform summary calculations

•  Bring in more graphs
•  Identify components of figures
•  Connect research questions with data presentation and conclusions



Available Modified Activities

QUBES Hub
•  Platform for collaboration and open sharing of 

quantitative teaching resources

https://qubeshub.org/groups/hhmibiointeractive/

•  The original HHMI resource link plus modified 
educator resources are provided on this site



Examples of Modifying and Scaffolding 
Quantitative Skills in HHMI Resources

•  Analyzing Data from a Viral Outbreak
•  Interpreting and Troubleshooting ELISAs
•  Amylase Copy Number and Diet using 

Spreadsheet Tutorials
•  Calculating Lifetime Cancer Risk Resulting from 

DNA Replication



Analyzing Data from a Viral Outbreak: 
Scientists at Work



Analyzing Data from a Viral Outbreak

Interpret a data table
Calculate: 

Incidence
Prevalence
Morbidity
Mortality
Case Fatality Ratio
R0

1998-1999	Outbreak	in	Malaysia	

2004	Outbreak	in	Bangladesh	



Analyzing Data from a Viral Outbreak: 
Extension Activities

https://qubeshub.org/groups/hhmibiointeractive/
collections/all

 Malaysia|Pig|
 Malaysia|Human|
 Malaysia|Human|
 Malaysia|Pig|
 Malaysia|Pig|
 Malaysia|Small flying fox|
 Malaysia|Pig|
 Cambodia|Lyles flying fox|
 Malaysia|Large flying fox|
 Thailand|Small flying fox|
 Thailand|Lyles flying fox|
 Bangladesh|Human|
 Thailand|Lyles flying fox|
 Bangladesh|Human|
 Bangladesh|Human|
 Bangladesh|Human|
 India|Human|
 India|Human|

Nipah Virus

 Hendra virus
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Analyzing Data from a Viral Outbreak: 
Learning Outcomes Addressed

Students will be able to…
§  Synthesize knowledge of antigens and antibodies with knowledge of 

enzymes to understand enzyme immunoassay technology.
§  Distill complex, real-world data using basic calculations.
§  Describe an outbreak of a disease using appropriate scientific terms, 

including “reservoir” and “spill over”.
§  Discuss limitations in experimental design.



Interpreting and Troubleshooting 
ELISAs: Virtual Labs



Interpreting and Troubleshooting ELISAs: 
Extension Activity

1.  Explain how Dr. Epstein can use ELISAs to detect the presence of an 
active Nipah virus infection in bats.

1.  Draw a picture of the interactions that would occur molecularly in this ELISA, 
labeling the antigen and the antibody.

2.  How might ELISAs be used to determine if a bat has ever been infected 
with Nipah virus?

1.  Draw a picture of the interactions that would occur molecularly in this ELISA, 
labeling the antigen and the antibody.



Interpreting and Troubleshooting ELISAs: 
Learning Outcomes Addressed

Students will be able to…
§  Synthesize knowledge of antigens and antibodies with knowledge of 

enzymes to understand enzyme immunoassay technology.
§  Distill complex, real-world data using basic calculations.
§  Describe an outbreak of a disease using appropriate scientific terms, 

including “reservoir” and “spill over”.
§  Discuss limitations in experimental design.



Lunch

•  Think about a learning outcome in your course that 
could integrate more quantitative reasoning or a 
quantitative skill that needs development.

•  Identify potential collaborators for this afternoon’s 
activity



Figure of the Day

JAN	 JUL	FEB	 MAR	 APR	 MAY	 JUN	 AUG	 SEP	 OCT	 DEC	NOV	

?	

What’s	Going	on	
in	this	Graph?	



TED	Talk:	“The	beauty	of	data	visualization,”	David	McCandless	



Assessing Quantitative Skills
•  Modeling assessment using Immediate Feedback Assessment Technique, 

(“IF-AT”) cards
•  http://www.epsteineducation.com/home/



Spreadsheet Tutorials to Analyze  
Amylase Copy Number and Diet  

 Rebecca Orr, Collin College, Ruth Buskirk and Kristin Harvey, U.T. Austin

https://qubeshub.org/qubesresources/publications/308/1	



Exploring Descriptive Statistics
•  Compare the mean and median for each population. Which value best 

describes the center of the data distribution (the central tendency) for each 
population?

•  The standard deviation is the most widely used measure of variability. Which 
population has more variation around the mean?



Using a Histogram to Evaluate Data Distribution
•  A histogram is a graph of frequency distribution. It graphs how many data 

points fall between a range of values, and is a very useful graph for 
illustrating data distribution.

•  How do the centers of 
each population compare 
with each other?

•  How does the distribution 
of gene frequencies 
compare in each 
population?  



http://media.hhmi.org/hl/13Discussion1.html





Calculating Lifetime Cancer Risk Resulting 
from DNA Replication

•  Took existing Data Point resource, Mismatch Repair 
Animation, and Science in the Classroom, created a story to 
add relevance

•  Rebecca Orr, Collin College, Ruth Buskirk and Kristin Harvey, U.T. Austin

•  Added specific content 
instruction on stem 
cells, DNA replication, 
& proof reading/
mismatch repair.



Evaluating Scatterplots

•  Created questions to build 
skills in
•  Process of science
•  Evaluating Pearson 

correlation coefficient (r) to 
identify relationships 
between variables

•  Activity was designed to fit 
into a team-based learning 
environment.



Explore implementing these resources…

•  With the collaborators you identified at lunch, in groups 
of 2-3, plan how you might implement one or more of 
these resources in your classroom (45 min)

•  Report out within your table



Additional Resources



You don’t have to do it alone!

https://qubeshub.org/community/fmn

1.  Join an FMN
2.  Modify existing materials



Contact Us:

Holly Basta, Ph.D.
Assistant Professor of Biology 
Rocky Mountain College
Billings, MT
406-657-1089
holly.basta@rocky.edu

Rebecca Orr, Ph.D.
Professor of Biology
Collin College
Plano, TX
214-695-2935
rorr@collin.edu 

Don’t	forget	to	fill	out	your	evaluations!	
	


