
Science Literacy’s Neglected Twin: 
Numeracy 

 
Kate Follette and Don McCarthy 
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Discuss with your neighbor how to  
approach this problem.  



How Did This Problem Make 
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a)  Challenged 

b)  Intrigued 

c)  Frightened 

d)  Inadequate 
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FG =
Gm1m2

r2

Your Weight on Another World 
 

The Moon’s mass is 81x less than Earth’s, so you 
might expect to weigh 81x less on the Moon. 

 
However, your weight on the Moon would really be 

about 6x less than on Earth. Why? 
 

Here are some numbers and an equation that might prove 
useful: 

 
G = 6.6738 × 10-11  m3  kg-1s-2 

mEarth = 5.972 × 1024  kg 
rEarth = 3,959  mi 
rMoon = 1,080  mi 
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How Do Your Students Feel? 

FG =
Gm1m2

r2

 
An equation. I knew 
I should  have taken 

Biology! 

There aren’t any 
numbers in there! 
What  the heck is 

“G”? 

I don’t 
remember 
how to do 
scientific 
notation. 

Avoid eye contact. 
 No one needs to 

know that I have no 
idea where to begin. 

G = 6.6738 × 10-11 m3  kg-1 s-2 

mEarth = 5.972 × 1024  kg 
rEarth = 3,959 mi 
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 ² Introduction: 

•  Ourselves 

•  What is “Quantitative Literacy”? 

•  Why should you care? 

² The problems:  

•  Numerical deficits 

•  Ignorance of its value 

² Can an Astro 101 course improve 
numerical skills and attitudes? 

² Can you make a difference? 
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²  I want to teach more depth in college science. 

 

²  Are we:  

•  dumbing down “science” ? 

•  failing to prepare students for jobs and 
citizenship? 

²  Basic skills I desire are the same in many careers 
and citizenship. 

²  Make students more aware of their poor skills and 
the value of arithmetic. 

²  Foreigners use quantitative thinking instinctively. 
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  are	
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And	
  yet…	
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“an innumerate citizen today is as vulnerable 
as the illiterate peasant of Gutenberg’s time” 

Lynn Steen 

…. the ability to reason with 
numbers, graphs, statistics, etc. in 
order to be an effective participant 
in modern society 
 

 

“Quantitative literacy involves 
sophisticated reasoning with 

elementary mathematics more than 
elementary reasoning with 
sophisticated mathematics.”  

Steen, 2004 
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Students have not mastered  
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~50% are 
confident in 

incorrect 
answers 

²  Introduction 
² Skills and 

attitudes 
² A real 

assessment 
of student 
skills 

² Why 
emphasize 
numeracy? 

² Can you 
make a 
difference? 



St
ag

es
 i
n

 L
ea

rn
in

g
 

unconscious 
incompetence 

conscious 
incompetence 

conscious 
competence 

unconscious 
competence 

NOVICE 

EXPERT 

1 

2 

3 

4

Kate Follette 
Don McCarthy 

“They’re not Dumb, 
They’re Different” 

Tobias 
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“The only purpose of 
math is to pass a test in 

math class.” 
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Students do not view math as 
relevant or valuable to them. 
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² “Math Anxiety” 

² Math is taught mechanically, not 
as a language with meaning. 
•  “I can’t divide one by a half.”  

 (Honor’s student - university) 

² Math is not reinforced across the 
curriculum (K-12+). 
•  “I have never seen math and science 

used together.”  

 (Honor’s student – middle school) 
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How often do you emphasize 
quantitative science in your 
class or outreach activities? 

 

a)  Every class/activity 

b)  Occasionally 

c)  Rarely 

d)  Never 
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What is the biggest barrier or 
difficulty for you in incorporating 
quantitative skills into your class or 
outreach activities? 

a)  Students’ lack of skill 

b)  Students’ anxiety 

c)  My own anxiety 

d)  Lack of time 

e)  Worry that it will take away from 
the science 

“I don't know what it is with US students and math, but 
in my class, I basically have to dilute the math content 

or I wouldn't have any students.” 
 

Tony George 
Astronomy Instructor 
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Where	
  is	
  one	
  billion	
  on	
  this	
  scale?	
  trillion                                                                                                      1 

  A                                             B                      C   D     E 

Abell 68 galaxy cluster 
2.1 billion light-years away 

1 2 3 4 5

11%

29%

13%

8%

39%

Are we “unconsciously competent”? 
Our language may not be familiar. 
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Are we “unconsciously competent”? 
Our language may not be familiar. 

 

GSUSA presentation at a local conference 
millions or billions? 
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Skills Addressed 
² Area 
² Comparison of numbers 
² Graph reading and 

interpretation 
² Error 
² Estimation 

² Fractions and percentages 
² Simple arithmetic 

 

Our Sample 

² 10 classes 

•  6 small (25-35) 

•  3 large (100) 

•  1 very large (800+) 



A	
  sign	
  promotes	
  a	
  30%	
  off	
  sale	
  on	
  a	
  $100	
  
sweater	
  .	
  
	
  
You	
  have	
  two	
  coupons	
  :	
  	
  	
  

	
  One	
  for	
  an	
  additional	
  25%	
  off	
  the	
  sale	
  price.
	
  One	
  for	
  an	
  additional	
  $25	
  off	
  the	
  sale	
  price.	
  	
  

	
  
Which	
  coupon	
  yields	
  the	
  lowest	
  price?	
  
	
  
a)  The	
  25%	
  off	
  coupon	
  
b)  The	
  $25	
  off	
  coupon	
  
c)  It	
  doesn't	
  matter.	
  Either	
  one	
  will	
  give	
  you	
  the	
  

same	
  Jinal	
  price.	
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How confident are you in the answer you 
just selected? 
 
a)  very confident  
b)  confident 
c)  not very confident    
d)  I guessed  

²  Introduction 
² Skills and 

attitudes 
² A real 

assessment 
of student 
skills 

² Why 
emphasize 
numeracy? 

² Can you 
make a 
difference? 

Kate Follette 
Don McCarthy 

70% correct Pre 
75% correct Post 
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Compare the rate of population growth 
prior to 1950 and after 1950. 
 
a)  About twice as fast 
b)  Less than twice as fast 
c)  About three times as fast 
d)  More than three times as fast 

Average Score 
37% 

²  Introduction 
² Skills and 

attitudes 
² A real 

assessment 
of student 
skills 

² Why 
emphasize 
numeracy? 

² Can you 
make a 
difference? 

Kate Follette 
Don McCarthy 



Q
L 

Sk
il

ls
 I

n
st

ru
m

en
t 

²  Introduction 
² Skills and 

attitudes 
² A real 

assessment 
of student 
skills 

² Why 
emphasize 
numeracy? 

² Can you 
make a 
difference? 

Kate Follette 
Don McCarthy 



In
it

ia
l 
R

es
u

lt
s 

Class 1  
Pre: 62.7%  (N=145) 
Post: 63.6%  (N=122) 
Gain: 0.04  (N=108) 

Class 2 
Pre: 66.5%  (N=20) 
Post: 74.2%  (N=13) 
Gain: 1.15  (N=13) 

Class 7 
Pre: 57.3%  (N=416) 
Post: 56.0%  (N=336) 
Gain: -0.23  (N=299) 

Classes 4,5,6 
Pre: 56.3%  (N=72) 
Post: 60.2%  (N=30) 
Gain: 0.07  (N=29) 

Class 3 
Pre: 66.9%  (N=13) 
Post: 66.8%  (N=14) 
Gain: -0.23  (N=13) 
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Hester, Buxner et al. 2013, submitted 
CBE – Life Sciences Education 
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Suspected Issues 

² Class size 

² Attrition  

² Late-semester apathy 
² Average time pre = 24 min 

² Average time post = 20 min  

² Instrument quality 
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(Stanford mathematician, educator, consultant) 
“The first was some courses I gave in New Mexico, where I had 
too many bright, very highly motivated students in my 
mathematics classes whose third rate K - 12 educations in 
mathematics could not be overcome no matter how hard these 
students were willing to work.” 

 



Adjective Pre to Post 
Change 

Interesting 5.66% 

Useful 2.72% 

Useless  -1.09% 

Boring -4.19% 

Hard -3.11% 

Class 1 (N=145,122) 

Adjective Pre to Post 
Change 

Interesting 3.50% 

Useful 7.73% 

Useless  -3.11% 

Boring -6.11% 

Hard -2.00% 

Classes 2&3 (N=42,28) 

Adjective Pre to Post 
Change 

Interesting -9.94% 

Useful -2.43% 

Useless  1.07% 

Boring 10.38% 

Hard 0.93% 

Classes 4,5 & 6 (N=72, 30) 

Adjective Pre to Post 
Change 

Interesting 3.09% 

Useful 0.78% 

Useless  -1.21% 

Boring -1.47% 

Hard -1.19% 

Class 7 (N=416,336) 
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“The most interesting thing that I have learned in this 
class, by far, is how small we are compared to the 

universe. I think that everybody knows there is a lot of 
space out there, but until you sit down and do some 

math about it you can't get an idea of how insignificant 
we are.“ 

 
“I most enjoyed the use of math in this class. I knew 

science is based on math, but it really set in after this 
class.” 
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² AIP survey: “Introductory astronomy enrollments 
have remained in the 180,000-190,000 range since 
2004.” (Nicholson and Mulvey, 2010) 

² Community colleges, where “an estimated 100,000 
students take Astronomy 101 in departments not 
covered by the AIP survey.” (Fraknoi 2001).  

² >10% of college students eventually pass through 
the door of an  “Astronomy 101” course in college. 

² 5-10% of them are future educators (~30,000 !) 

“I have always heard a lot about science 
and math being related, but I have never 

actually used them together. I have finished 
an entire year of algebra, but there has 
never been any science in it. The same 
holds true in my science class. Frankly, I 

have never seen any connection between 
the two of them.”  
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NASA’s 2011 Budget: 

$18.724 billion 
US 2011 Budget: 
$3.630 trillion 
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“There are 1011 stars in the galaxy. That used to be a 
huge number. But it's only a hundred billion. It's less than 

the national deficit! We used to call them astronomical 
numbers. Now we should call them economical 

numbers.” 
 

Richard Feynman 
U.S. educator & physicist (1918 - 1988) 
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“I have here in my hand a list of 205, a list of 
names that were made known to the Secretary 
of State as being members of the Communist 
party and who nevertheless are still working 
and shaping policy in the State Department.” 

Joseph McCarthy (1950) 
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While teaching astronomy, we can … 
 

² model the value of numbers in 
daily life. 

² change attitudes, build awareness 
and motivation. 

² reduce anxiety and build 
confidence. 

² provide opportunities for 
improvement. 
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Electrical stimulation helps! 
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² Numerically 
rich TPS 
questions 

² Labs/Activities 
with QL 
emphasis 
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Bad	
  math	
  ?	
  

5	
  +	
  6	
  =	
  11	
  

7	
  +	
  8	
  =	
  3	
  

9	
  +	
  10	
  =	
  7	
  

11	
  +	
  11	
  =	
  10	
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ba 
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“Arithmetic is generally taught 
as all scales and no music.” 

 Peris Herold 
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²  Innumeracy has serious implications for science 
literacy, and students’ ability to spot 
pseudoscience in particular. 

²  Numbers are an important component of both 
science and citizenship. 

²  Intro science courses for non-majors capture an 
important innumerate demographic. 

²  Our students’ skills are worse than you think! 

•  Students have a false sense of their abilities and 
the value of numerical skills. 

²  It is possible to change attitudes and to provoke 
awareness of need to improve. 

²  It may be possible to improve skills. 
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THANK YOU! 

Check out our Website: 

www.katefollette.com/QL 
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Please come to our workshops to learn more! 

kfollette@as.arizona.edu 
dmccarthy@as.arizona.edu 

E-mail us: 





² Astronomical Society of the 
Pacific, 2011 
² Hilighted poster 

² Contributed article to Mercury 
Magazine 

² American Astronomical 
Society 2012 

² Astronomical Society of the 
Pacific, 2012 
² Panel Discussion 

² 1hr workshop 

² American Astronomical 
Society 
² 2hr workshop 

² Motivation 
² Study Basics 
² Preliminary 

Results 
²  Implications 

and Future 
Plans 

Kate Follette 
University of 
Arizona 
NNN 2012 
October 13, 2012 
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Pre Semester "Math Is" 

INTERESTING 

USEFUL 
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HARD 
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45%	
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Post Semester "Math Is" 
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USEFUL	
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2 semesters, n=60 
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Students have not mastered 5-7th 
grade arithmetic. 

Poor Performance 
² Fractions – decimals – ratios - 

percentages  – powers of ten 

² 0.3 = 1/3 

²  “10% off price” is a challenge. 

² Graph reading and interpretation 

² Error estimates 

² Do not know HOW to determine seconds 
in an hour 

² Non-linear and “inverse-square” seem too 
advanced 

² Hard to consider more than one variable. 
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² Math anxiety is real but not 
correlated with math ability. 

² A” badge of honor” 
 

²  Introduction 
² Skills and 

attitudes 
² A real 

assessment 
of student 
skills 

² Why 
emphasize 
numeracy? 

² Can you 
make a 
difference? 

Kate Follette 
Don McCarthy 



Students avoid math at all costs! 


