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Bring Together Two Perspectives: A 
Mathematician’s and a Biotechnologist’s

• Rodney Null
• Lisa Seidman
• Collaboration between program faculty and math faculty is essential. 
• In this webinar want to hear both voices. 



Farmers Co-op Swap Meet
3 apples = 5 tomatoes

2 potatoes = 1 tomato

2 ears (of corn) = 7 zucchinis

4 tomatoes = 3 ears (of corn)

If Veggie Best Farms has 450 zucchinis they wish to trade for tomatoes, 
how many tomatoes will they get?  



Turning Away from Vegetables…

• What’s the problem(s)?
• Numerical proficiency is a requirement for success in STEM. 
• Many (All?) people struggle with math.

• It is often said that students can’t “do” math.

• People often have difficulty performing math required on the job.
• Math can be barrier that keeps otherwise qualified people out of our 

programs and our profession.



Outline of Our Key Points:

• There have been various studies looking at what math is required in various 
STEM careers. (Slide at end has examples.)
• Math required in common biotech job settings is not higher-level math:

• Mathematical operations: Addition, subtraction, multiplication, division
• Proportional reasoning
• Possibly logarithms
• Some descriptive statistics
• Graphing and data manipulation
• Simple equations

• Average students in our experience can handle the math manipulations 
required. There may be some gaps, but generally have skill through 
beginning algebra.



So, What’s the Problem?

• Can’t “find” the math in applied situations.
• Essentially math on the job is all “word problems.”
• Context can be unfamiliar.
• Vocabulary often unfamiliar (think nanoliters or picomoles).
• (Rod speak) The problems are left in the problems  (Rarely do “text book 

problems” require students to practice relevant skills such as 
estimation/reasonableness of answer, unit choice, experimental design, 
measuring/collecting their own data,  identifying necessary and sufficient 
information/ eliminating irrelevant/extraneous stuff, dealing with natural 
variations in data/measurements/approximate numbers)



For Example

• Finding the math is often the difficulty.
• Here is a problem where students might struggle to “find” the math. 
• Requires some underlying knowledge and vocabulary but the math is 

like that of unit conversion problems.

Vectors are DNA molecules that carry a DNA segment of interest into a foreign cell. Suppose 
you buy a vial of the plasmid vector pBR322, which is 4,361 bp in length. The manufacturer tells 
you that the vial contains 10 μg of vector. You are following a procedure that calls for 1 pmole of 
vector, so you want to convert 10 μg to pmoles. How many picomoles do you have?
Given: on average, a bp has a molecular weight of 660 g/mole.



Solutions We See

• Part I: Most immediately, we can help students find strategies that are 
directly applicable – we do not assume that because students learned 
how to multiply in grade school that they know when to multiply in a 
contextual problem.*
• Part II: Long term systemic solutions in math teaching beginning in 

elementary school. 



Solutions: There is Good News and Bad News

• Good news: We can help our students learn to find and do the math 
in common biotech situations. 
• We can be confident that they can do the math required and help 

them develop confidence. 
• Bad News: Takes time.
• Good News: We can help students a lot by working through a few key 

topics.
• One of these Rodney and I will talk about in more detail today.



Site Visit to Neogen

• Neogen is a company that provides tests and assays to support food, 
beverage, animal protein and agriculture industries.
• Supervisor was asked what math is important. Spent a lot of time 

on a “dimensional analysis” problem.
• Something about how many ng/mL an extract should be. Have 10 ppm 

sample and want to do extraction. 
• Translation: this was a unit conversion problem.
• He used a “dimensional analysis” strategy to solve it.



Unit Conversions are Common; One of First 
Places Students Run Into Trouble

• In this webinar we will focus on this particular math application.
• Very common calculation. 
• Basic math required: multiplication and division.
• Nonetheless, unit conversions can be confusing.*



Lisa’s Approach

• Proportion strategy



Proportion Method: Intuitive for Many People



Ratios and Proportions

• One cake requires 10 oz chocolate is a ratio.
• Use proportions if want to calculate requirement for two cakes:

1 cake
10 oz

=
2 cake
?

? = ! "#$% &' ()
& "#$%

? = ! "#$% &' ()
& "#$%

= 20 oz



Another Problem

• Convert 3 ft to centimeters
• Given: there are 12 inches in a foot and 2.54 centimeters in one inch





Strategy 2

• Let’s begin by eliminating term “dimensional analysis”
• Term is not informative
• Is intimidating
• Call it instead “Unit Cancellation” or “Factor-Labeling” method





Return to Vegetables…



Farmers Co-op Swap Meet
3 apples = 5 tomatoes

2 potatoes = 1 tomato

2 ears (of corn) = 7 zucchinis

4 tomatoes = 3 ears (of corn)

If Veggie Best Farms has 450 zucchinis they wish to trade for tomatoes, 
how many tomatoes will they get?  





Stop Here Momentarily and Conduct a Poll

Look at how you solved the farmers’ problem that we presented in the 
beginning of this talk. Is your strategy:

A. Most consistent with proportional reasoning (Lisa’s approach)
B. More like unit cancelling (Rodney’s approach)
C. Other?

By the way, answer is 171 tomatoes (to the nearest tomato).



Other?

• Would someone who answered “other” like to share their logic?



What is the right way to do it?

•Pause for discussion…
• The way that works for you!!!!
•Major point here is that we can assist students by 

asking them to talk about their thought processes and 
by encouraging more than one way to solve 
problems.*





You have 10 μg, how many moles is this?

Begin by making the units of weight consistent: 10 μg = 10 x 10-6 g

Now you can use a proportion equation:

If 1 mole is 2.87826 × 106 g, then how many moles is 10 × 10-6 g? 

2.87826 × 10! g
1 mole

=
10 × 10"! g

?

? ≈ 3.47 × 10"#$ moles = 3.47 pmoles

So, your tube contains about 3.47 pmoles.





Where Does This Take Us?

• We need to show students that they know enough math to succeed, build 
confidence.  (growth mind set, self efficacy etc.)
• We need to spend time with students working on our own common 

problems, such as:
• Unit conversions
• Making solutions
• Constructing and using standard curves
• Interpreting data
• Using statistical control charts (where appropriate)
• Preparing reaction mixtures
• Etc.

• We need to encourage students to develop and understand their own 
individual strategies.



• With more complex, contextual problems, like the vector problem, it 
is probably most appropriate to devote time in a molecular biology 
class after they have the basic vocabulary.  
• But the math is still just multiplication and division. Our students can 

do the math. Their problem is finding it. 
• We can help them with that. 



Part II: Thinking Systemically



Traditional Approaches to “Math Problem” 
Generally:

• Require more math courses in high school
• Require all high school students to complete “algebra II”
• Require successful performance on high school exit exams in math
• Require successful performance on college entrance exams in math
• Require completion of “remedial” math courses in college
• But the problem persists



• Do we all need the “Skeleton Key?” 



There are More Enlightened Approaches in 
Some Places

• A number of alternative pathways to the “algebra to calculus” track have 
been developed and implemented.  (e.g. Statistics & Probability, 
Quantitative Reasoning, Discrete Math & Computer Science Foundations, 
Data Science Foundations) https://education.ohio.gov/Topics/Learning-in-
Ohio/Mathematics/Resources-for-Mathematics/Math-Pathways

• Admission standards vary substantially.  Public vs. private, university vs. 
college vs. trade/technical schools. Important to distinguish admissons
requirements from placement.  Many have implemented multiple 
measures. 
• Remedial/developmental course work, particularly in math, is undergoing 

dramatic changes. https://amatyc.org/page/PositionCorequisiteMathematicsCourses

https://education.ohio.gov/Topics/Learning-in-Ohio/Mathematics/Resources-for-Mathematics/Math-Pathways
https://amatyc.org/page/PositionCorequisiteMathematicsCourses


Relevant Studies to Identify Math Required

• A Vision: Mathematics for the Emerging Technologies
https://cdn.ymaws.com/amatyc.site-ym.com/resource/resmgr/publications/visionweb.pdf
Copyright 2003 by the American Mathematical Association of Two-Year Colleges

• National Center on Education and the Economy, 2013
• What Does it Really Mean to Be College and Work Ready?
https://ncee.org/book-report/what-does-it-really-mean-to-be-college-and-work-ready/

https://cdn.ymaws.com/amatyc.site-ym.com/resource/resmgr/publications/visionweb.pdf


From NCEE Report

“In sum, a substantial part of the high school mathematics we teach is 
mathematics that most students do not need, some of what is needed 
in the first year of community college is not taught in our schools, and 
the mathematics that is most needed by our community college 
students is actually elementary and middle school mathematics that is 
not learned well enough by many to enable them to succeed in 
community college.”



Needed Math Project

• Needed Math Conference (2018) and present Needed Math grant
• Under leadership Michael Hacker, conference brought together instructors, 

mathematicians, and industry representatives
• Continuing project with site visits and survey
https://www.hofstra.edu/stem-research/needed-math-
2018.html#:~:text=The%20Needed%20Math%20Conference%2C%20held,those%20fields%2C%20an
d%20mathematics%20educators.



Note

Is available as desk copy from CRC Press:
https://www.routledge.com/Basic-Laboratory-Calculations-
for-Biotechnology/Seidman/p/book/9780367244804



“In 1953 you were my math teacher. You promised me that 
polynomials would come in handy someday. How much longer do 
I have to wait?”


