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Thank You for Joining Us!

 Our goal is to present 
information and research 
that gives you the tools to 
help your students better 
understand and apply 
mathematics.



A View from the Past

 In 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.



Attitudes from the Past

• In the 1960s and 1970s, if only 2% of the population 
knew math, it was “O.K.” 



Wow, you must be really smart.

I was never any good at math.

People’s Response on Learning that I Teach Math



The Impact of Automation

• Starting in the 1980s, manufacturing tasks began to be 
done by robots.  

• Now we are lacking people who know enough 
mathematics to operate the robots.



Shortages in STEM

• By 2020 there will be 1.4 million jobs available 
in STEM, and we will be able to fill only 
400,000 of them.

• 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.



What About non-STEM Students?

 Mathematics is increasingly important in the social 
sciences.

 Non-STEM students need math too.



Mathematics and Social Media

• Max Levchin has been a major 
creator of applications for 
Facebook. He stated the following 
about his success.

“Our competitive advantage is 
actually our math skills, which is 
probably not something you would 
expect from a media company.” 

--Max Levchin (Former CEO of Slide)



New Data and Research 



Women and STEM Education

➢Women earned 57% of all bachelor’s degrees.

➢In STEM women earn the following percentages:  

➢ Over 50% of biological science, 

➢ 18% of computer science, 

➢ 19% of engineering, 

➢ 19% of physics, and 

➢ 43% of math and statistics.

Source: National Science Foundation, whitehouse.gov 



New Research into this Data

➢Because of these rates for STEM majors, 
companies, such as Google, Microsoft, etc., and 
also many prominent universities are looking 
into the reasons behind this data.



Motivations for Students

➢ While some students may be motivated by the features
of technology, … 

➢ … a majority of students are motivated more by how 
technology can help others and create social impact.   
Source: IWITTS

By The U.S. Army Flickr



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



➢ 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

People Learn Visually



Essentials for Student Success

 Essential features for students to better learn 
mathematics and think critically about it:

 Learning in Context 

 Multiple Representations

 Visualization

 Fluid, Dynamic, and Adaptive Presentations similar to 
a personal tutor  

Source: Benjamin S. Bloom
University of Chicago and Northwestern University
Educational Researcher, Vol. 13, No. 6.



Contextual Learning



Concrete to Abstract: Learning Contextually

“Students try to ‘concretize’ the concepts 
they learn in order to come to the concept as 
‘close’ as possible.”

—Regina Panasuk

Conceptual Understanding of Algebra   

By Wintersoul1



Solving an Equation

 Many times the quadratic formula is presented without 
visualization. 

 How many solutions are there to a quadratic equation?



Contextual Approach: Throwing a Ball

Never reaches 50 feet

Reaches 40 feet once

Reaches 24 feet twice

Allows for critical thinking 



Teaching Slope in the Abstract

 Traditionally, slope is introduced as:  

 Then students calculate slopes of random lines.



Teaching Slope in Context: Climbing Steps 

Concrete
Real-Life Experience

to Abstract
Math Concept



What Is Teaching in Context? 

Start with

concrete applications

to teach

abstract concepts.



Critical Thinking

 Contextual understanding allows for critical thinking.

 Critical thinking occurs when students can solve a 
meaningful problem, for which there is no example.



Multiple Representations

(formulas, graphs, & tables)



Multiple Representations

 Multiple representations (formulas, tables, & graphs) 
allow students to understand a concept in more than 
one way.

 Multiple representations promote better learning by 
allowing for different learning styles.



Using a Formula to Understand



Using a Table to Understand



Using a Graph to Understand



Seeing Concepts in Multiple Ways

 To fully understand a concept, students must 
look at concepts from different points of view.



Why Bother with Multiple Representations?

 Consider what we do in calculus when we find  

lim
𝑥→0

sin 𝑥

𝑥
.



Numerical and Graphical Limits

Numerical

Graphical

Source: Finney Calculus



Symbolic Limits Are More Complicated.



Fluid, Dynamic, and Adaptive Presentations 



Math Delivery Methods 

 Traditional Lecture

 Flipped Classroom

 Computer Lab

 Emporium Model

 Online

 Collaborative Learning

 Individual Tutor

 Mastery Learning



Are All Delivery Methods Equally Effective? 

A growing body of research suggests 
that the answer is

NO!



Traditional Learning Path

 Listen in class and takes notes.

 Read the text.

 Work assigned exercises.

 Check the back of book to see if the answer is correct.

 If answer is incorrect, search for an example that is similar and 
adapt the solution, or possibly look at a solution manual.

 Discuss difficulties with the instructor—continue to 
troubleshoot.

This is very high level thinking for introductory students.



E-Texts are Great, But…

Do I have to watch this, or can 
I just read the example?

Which of these do I click first?

Should I answer this 
question? If so, where? 

This looks important. 
Should I write it down?

Is this going to be on the test?



Bloom’s 2 Sigma Problem

The Search for Methods of Group Instruction as 
Effective as One-to-One Tutoring

Benjamin S. Bloom
University of Chicago and Northwestern University
Educational Researcher, Vol. 13, No. 6. (Jun. - Jul., 1984), pp. 4-16.

Why are we looking 
at 30-year-old 

research?



Group Instruction that is 1-to-1



Best Solution: Live Personal Tutor



Our Interactive Technological Solution

To mimic a live personal tutor with technology:

 The technology should be interactive.

 The delivery should be linear.

 Navigation should be intuitive.

 Understanding should be assessed often.

 The number of decisions required of the 
student at any point should be limited.

In other words, the technology should mimic a live tutor.



More Characteristics of an Interactive Solution

In addition, an interactive tutor should 
incorporate the teaching methods supported 
by research and discussed earlier:

 Learning in Context

 Concrete to Abstract

 Multiple Representations

 Visualization



A tutor might begin with…

Let’s talk a bit about what you will learn in this section.



Section Introduction Video



Then, a tutor might ask…

Do you understand what this section is about?

Answer this question about the video you just watched.

Which of the following methods is used in the video to help spot trends 
and identify stray points in the data?

o A. A table of values
o B. A graph
o C. A histogram
o D. A pie chart
o E. A Venn diagram



A tutor might say…

Let’s look at an example. I’ll help you solve it, if you need my help.

Plotting Points

Plot the following ordered pairs on the same xy-plane. State the quadrant
in which each point is located.

(a)  (3, 2)
(b)  (–2, –3)
(c) (–3, 0)

Video 
Solution

Hey, tutor.
What’s a quadrant?



Then, a tutor would ask…

Did you understand the example? How about if you try one?

Plot the following ordered pairs on the same xy-plane. State the quadrant 
in which each point is located.

(a)  (4, 7)
(b)  (0, –4)
(c) (–5, 8)



For major topics, a tutor would say…

Graphing linear equations is really important. Let’s walk 

through the process together.





Then, a tutor might ask…

Do you understand this important process?

Answer this question about the video you just watched.

Which of the following statements is correct when graphing a linear 
equation in two variables?

o A. The plotted points from the table lie on a straight line.
o B. The plotted points from the table form a curvy line.
o C. Some x-values do not have corresponding y-values
o D. The graph is a circle.



A tutor would review the material

Let’s review the topics and ideas covered in this section.



A Better Learning Path ... 

Introduce the material…
Check for understanding

Read a little…
Check for understanding

Review the material…
Check for understanding

Watch a video…
Check for understanding



Solving the 2 Sigma Problem 



The Role of AI and Its Limitations

 Currently has the ability to answer many routine 
questions from students

 Can sometimes diagnose where students have 
problems and assist in learning

 Will not replace the instructor in the foreseeable 
future



Moving Toward 2 Sigma

For situations where a personal, live tutor 
is not practical, we have found that an 
interactive electronic tutor is an excellent 
alternative.



THANK YOU !

www.rockswoldkriegermath.com


