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Some Perceptions

about

What We Do



Wow, you must be really smart.

I was never any good at math.

Source: Mathmemes.com; Graphjam.com





Students often believe that mathematics 
makes their lives more complicated, but 

actually …



The essence of mathematics is not to make 
simple things complicated, but to make 

complicated things simple.

---Stanley Gudder



Students often believe that mathematics 
is a waste of time, but actually …



The human mind has never invented a labor-
saving device greater than algebra.

--- J. W. Gibbs



When the Math Isn’t Done Right … 



STEM Shortages



A View from the Past
❖ Mathematics was often viewed as a “filter” 

and not a “pump”.  Math was the subject that 

other disciplines used to “weed out” students.



An Attitude Toward Math

• In the 1960’s and 1970’s if only 2% of the population 

knew math, it was “O.K.” 



The Impact of Automation
• Starting in the 1980s, manufacturing tasks began to be 

done by robots.  

• Today we are lacking people who know enough 

mathematics to operate the computers and robots.



Math, Statistics, and STEM

❖ Between 2003 and 2009, 48 percent of 

students pursuing a STEM field switched to 

another major or dropped out—often because 

of math.  Source: “The Math Revolution”, The Atlantic, March 2016.

❖ By 2020 there will be 1.4 million unfilled jobs in 
STEM, and it is estimated that we will be able to 
fill only 400,000 of them. 



Not Enough Majors

❖ There about 19,000 bachelor degrees awarded 

in math/stat each year to U.S. citizens or about 

1% of all bachelor degrees.  
(Source: Digest of Educational Statistics.)

❖ A purely traditional/abstract approach has not 

worked for most of today’s students wanting to 

enter STEM fields.



What Can History Teach Us?



Mathematics Before 1865

❖ Prior to 1865, the primary channels for 
the dissemination of mathematics were 
scientific societies, such as the Royal 
Society of London (est. 1662).



London Mathematical Society (LMS)

❖ The LMS is the oldest 

current mathematical 

society, established in 1865.

❖ The LMS was used as a 

model for the  American 

Mathematical Society 

(AMS) in 1888.



A Change in Emphasis

❖ From 1865 to 1900, 
applied mathematics 
played an important 
role in the LMS.

❖ But by WWI, applied 
mathematicians and 
mathematical physicists 
were rare in the LMS.



A Change in Attitude

❖ In 1916 the LMS was 
criticized for being 
lifeless and dull.

❖ From WWII to 1965, 
there was an abstract 
emphasis on analysis, 
algebra, and topology.

❖ Abstraction became 
central to our math/stat 
curriculum.  Exams 
became less applied.



Establishing Identity

❖ Mathematics needed 
to establish itself as a 
unique discipline.

❖ Mathematics and 
statistics are not just 
tools for science. By chazferret flickr



What Motivates Students?



Motivations for Entering STEM

➢ Some students are motivated by the features of 
technology. 

➢ Most students are motivated by how STEM can be 
used to help others and create social impact. 

Source: IWITTS

By The U.S. Army Flickr



Collaboration
Studies show collaborative, 
non-competitive learning, is 
powerful for women.

Collaborative learning is often 
more applied.
Source: Dr. Charlie McDowel, Professor of CS at University of CA 
Santa Cruz: “Pair Programming Improves Student Retention, 
Confidence, and Program Quality”



➢ Visual learners are 65% of 
the population.

➢ 90% of information 
transmitted to the brain is 
visual, and visuals are 
processed 60,000 times 
faster in the brain than text. 

➢ Marketing is well aware of 
how people prefer visual 
formats over text. 

Sources: 3M Corporation, Zabisco

Visualization



Most Students Prefer Learning in Context

➢ Retention of students increases dramatically by showing  

concepts in context and getting a sense of the practical 

application right up front.

Source: Carnegie Melon: Computer Science and Intro to Engineering Studies



Teaching in Context 

Concrete Experience to Abstract Concept



What Is Teaching in Context? 

Start with

concrete applications

to teach

abstract concepts.



An Application: 

Rise in Sea Level



Finding the Rise in Sea Level

❖ Greenland ice sheet contains 684,000 cubic miles 

of ice at an average elevation of 7000 feet.



Important Data and Calculations

❖ Contains 684,000 cubic miles of ice

❖ Water has 92% the volume of ice.

❖ Average radius of Earth is 3960 miles.

❖ Water covers 71% of Earth.

Rise in Sea Level = 
684,000 × 0.92

4𝜋 39602 × 0.71
× 𝟓𝟐𝟖𝟎 ≈ 24 feet

Cubic miles

Square miles

Feet per mile



Calculations Done by Scientists



An Application:

Social Networks 



Matrices and Social Networks

❖ People are vertices 
tied by friendship, 
interest, membership, 
or beliefs. 

❖ Person 1 and 2 are 
mutual friends.

❖ Person 3 “likes” 
everyone, but no one 
“likes” Person 3. 

2

1 3

5 4



Adjacency Matrices

❖ An adjacency matrix can also be used to 
summarize this simple social network.

2

31

5 4



Calculating Social Distance

The computation A² can be used to determine 
people who have a social distance of 2.  

2

1 3

45

Person 3 has a social distance of 2

to Person 1, three different ways.



The Essence of Mathematics

❖ One profound concept can be used to simplify a 
vast array of complicated problems.

❖ EXAMPLE: Problems solved by matrices: 

 Transportation and shortest paths problems

 Internet pages and links

 Social networks

 Digital photos



Case Study: 

Traumatic Brain Injury (TBI)



TBI Today

❖ One of the major sources of TBI is the 
“baby boomer” generation falling.

❖ Because of high-powered vehicles and 
extreme activities, TBI is a major problem.

❖ The Department of Defense is also 
interested in TBI treatments.



Facts Surrounding TBI

❖ The brain comprises 2% of the body’s 
weight, but uses 20% of the body’s oxygen.  

❖ Lack of oxygen during TBI is a serious issue.

❖ 60% of severe TBI patients either die or 
show no improvement. 

❖ There is no specific treatment for severe TBI.



Possible New Treatment: HBO

❖ A multi-million dollar study sponsored by the 
National Institute of Health (NIH) that involves 
hyperbaric oxygen (HBO) for TBI.  (Began in 
October, 2017.)

❖ This study involves 16 academic test sites across 
the country.  

❖ First multicentered HBO study.



HBO Chamber: Class B

❖ By increasing the pressure of 100% oxygen to 
2.5 atmospheres, the oxygen delivered to the 
brain can increase by 16 times.  



HBO Chamber: Class A



The Essential Component: Statistics



Statistical Analysis: A Major Hurdle

❖ The sooner treatment is performed, the better 
the outcome.

❖ Patients are assessed and their data is entered 
into a computer.  

❖ Randomization is computerized to determine 
who is treated and how.



Bayesian Adaptive Design

❖ Statisticians look at data, trying to predict 
through computer simulation (e.g., Monte 
Carlo), if there is a preferable treatment arm.

❖ As patient responses change, relative to the 
dose assigned, the randomization plan is 
altered proportionally to the better treatment.



More Characteristics about the Design

❖ If a preferable treatment arm is detected, more 
patients are given this treatment.  Harmful 
arms of treatment are dropped.  

❖ If efficacy is determined, the study can end 
early.  These studies want to benefit the patients 
as much as possible.



What Does This Mean for Students?

❖ Statistics/probability is not just for 
determining whether a person is going to 
draw a red ball or a white ball from a jar.

❖ Statistics helps people!



An Insight about Statistics

❖ Either HBO is a viable treatment or it is 
not.  The only way to determine the 
answer is statistics.

❖ Statistics discerns Reality!



TEAM WORK:

Helping Students Succeed



The Importance of What We Do

❖ Bridges either hold their weight or collapse 

based on correct mathematics and statistics.

❖ Students lives are changed by whether or not 

they succeed in mathematics and statistics.

❖ A story … 



Maximizing Success

❖ In many ways, what we all do is a team effort 

to benefit the students.  

❖ Instructors have the key role in student 

success.

❖ Another key role is creating the best materials 

and software to maximize the chances of 

success.



What’s Special 

about 

Mathematicians?



“I have photographed many people: artists, 
writers, and scientists, among others.  In 
speaking about their work, mathematicians use 
the words ‘elegant’, ‘truth’, and ‘beauty’ more 
than everyone else combined.” 

—Mariana Cook 



Thank you for attending!

See www.garyrockswold.net

for more information. 


