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for lots of math & music resources, lyrics, MP3s, etc.,
just Google me!

GD. xglﬁ‘ Larry Lesser

>earch About 8,820,000 results (0.24 seconds
Neb Larry Lesser - Mathematical Sciences
www.math. utep edu/Faculty/lesser/
Mages QUICK BIO: Statistics/math educator Larry Lesser has taught university math,
Vaps statistics and math education courses in Colorado, Georgia, and Texas and since ...
Math Ed - Statistics - Equity - Study Tips
/idens
Mathemusician.html - University of Texas at El Paso
lews www.math._utep.edu/Faculty/lesser/Mathemusician.html
Shopping ABOUT THE MATHEMUSICIAM: To support his mission in increasing awareness and

motivation in mathematics, Professor Lesser has tapped and merges two ...



my math song resource page

just Google “Larry Lesser” or “Mathemusician’

www.math.utep.edu/Faculty/lesse usician.ht
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The MalheMyligian

“Find, find the value of pi -- starts 3 point 1413509.
A good ol’ fraction you may hope to define, but the decimal never dies ....”
-- from Larry Lesser’s award-winning “American Pi”

ABOUT THE MATHEMUSICIAN: To support his mission to motivate learning
mathematics/statistics, Professor Lesser integrates two great loves — math and music! An award-
winning songwriter in general songwriting contests, Lesser has also won awards for educational
songs and song videos in recent national contests (ASA. National Museum of Mathematics.

CAUSE. QL-SIGMAA) and a video of songs was shown at Bridges 2014. His songs have
vielded statistically significant learning gains in an NSF-funded randomized experiment, helped




the M in STEM/STEAM

OUTLINE

e Background
 Addressing Hesitations
* Finding Songs

e Using Songs

o Writing Songs
 Interactiveness

e Q&A
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Changing the Rhythm of Math Class:
Using Educational Songs to Cultivate
Learning and Community

General Interest Session

We'll discuss (and demo!) best practices (informed

in part by our NSF grants) for creating and using
educational songs for grades §-14 mathematics/
statistics. We address perceived barriers and hesitations
by sharing low-risk, high bang-for-the-buck strategies,
resources, and tips for finding, writing, and using songs
aligned to learning objectives.

Lawrence Lesser

University of Texas at El Paso (UTEP), Texas

Dennis Pearl

Pennsylvania State University, University Park

John Weber

Perimeter College at Georgia State University, Clarkston

Henry B. Gonzalez Convention Center, 214C



Opening Question
(and quick detour):

Name a connection
between math & music!



MATH

Ordinal numbers
Geometric shapes
Geometric transformations

Least common multiple

Fractions

Arithmetic sequence
Geometric sequence
Graph (pitch over time)
Sine function

Permutations,
Probability

Statistics

Group theory, modular arithmetic

Fourier series, partial differential equations

MUSIC

naming intervals (e.g., fifths)
instrument shapes (e.g., triangle)
melodic transformations

rhythm patterns;
harmony (from pitches w/ low LCM)

time signature;
interval is a ratio of frequencies

overtones (f, 2f, 3f, 4f, ...)

chromatic scale (in equal temperament)
musical notes on a staff

graph of (pure tone) sound wave

“change ringing” of bells;
Mozart’s “Musical dice game” (1793)

DATA->SOUND: sonification
SOUND->DATA: traits of hit songs

analyze the set of pitches in a scale

musical sound, acoustics



sample M&M quote from my webpage

http://apusepress.booktype.pro/early-readings-in-the-philosophy-of-science/gottfried-wilhelm-leibniz-1646-1716/

“Music Is the pleasure
the human soul experiences
from counting
without being aware
that it Is counting.”

-- calculus co-inventor
Gottfried Leilbniz




Connections with structure of music:

demos with acoustics, music theory, etc.
(CCSSM Mathematical Practice standard #7: “look for and make use of structure”)
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in music:
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in music:

Reflections :
retrogression
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" notes on a staff:
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classroom demos

pick a frequency to graph
and play
3% Woltram

mike>CBL-2>GC:

hit a tuning fork, blow
across soda bottle, etc.

play 440 Hz sine wave
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but today, our focus is

SONG

(.e., Including lyrics)



math in lyrics of “regular songs”...

* “One Is the loneliest number” — Three Dog Night
o “if | could count infinity” — Christine Kane

e “100% chance of rain” — Gary Morris

e “reduce me to the mean” — Richard Shindell
* “random sample, hold the one you need” — Rush

 “at the edges of the bell-shaped curve” — David Wilcox

e “It's like a MoGbius strip” — Nelly Furtado

OR concept without terminology: regression to the mean
In Christine Lavin’s “Attractive Stupid People”

know others? email me!



Raise your hand If....

Nno song has ever
helped you learn something



song helped many learn:

* “The Alphabet Song” to learn ABCs

 Ray Charles’ “Fifty Nifty United States” to
learn 50 U.S. states (in alphabetical order!)

e about 60 Schoolhouse Rock (on ABC)
songs spanned Multiplication (by 2,...,12),
Grammar (e.g., “Conjunction Junction”),
America, Science, Money, Earth



QUIZ: Which tune(s) has/have been
used for the guadratic formula?

a) Pop Goes the Weasel

b) Frére Jacques ._—f}f:[]]—i-]-m‘
c) Battle Hymn of the Republic | T

d) Amazing Grace il

e) ‘Gilligan’s Island’ theme

f) Macarena TR

g) A school ‘fight song’
h) All of the above


http://www.daleheffernan.com/QuadraticFormula.jpg
http://www.algebra.com/cgi-bin/plot-formula.mpl?expression=graph(1200,600,-40,40,-100,40,x%5E2+++4x+-+77)&x=0003

my M&M trajectory

e playing guitar, began songwriting in college
* brought music & song into my college math
teaching in 1990s

e then....
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Math teachers

flunk Buffett tune

The National Council of
Teachers of Mathematics is not
happy about Jimmy Buffett’s
new song. Math Suks, found on
his jusl-released Beach House
on the Moon album,

“I's a very, very negative
song,” Michigan State Universi-
Ly professor and council presi-
dent Glenda Lappan says.."It
ends with 13 ‘'math sucks’ in a
row.”

Adds Lappan: “This is a great
disappomntment. ['m a serious
Jimmy Buffett fan. I have tapes
in my cat.”

The Reston, Va.-based coun-
cil 11ssued a statement con-
demning the lune, saying: “In a
world dominated by technol-
ogy and compuier-driven de-
vices, loday’s students need to
be inspired more than ever to
learn and understand mathe-
matics.”

Lappan says, “In our culture,
we tend 1o lonk for evenucee for

Buftett: Hi= '‘Math Suks' lacks a
‘positive spin ' teachers say

exchange,

Whal does the council expect
Buffett to do?

It will ask him that, “as a re-
cording artist and icon, he say
some things that would put a
more nocifive onin o mathe-

“Math Suks”

July/August 1999
NCTM News Bulletin

A Conversation with Jimmy Buffett

or educators, Jimmy Buffett’s new song posed a dilemma, Is “Math Suks”

a cause for angst, introspection, or just comic relief? For Buffett, an educa-

tor himself, it’s clearly the latter, “T apologize—I wasn’t trying to attack
mathematics education,” says Buffett, a popular singer and songwriter as well as
a best-selling author, in an interview with NCTM’s News Builetin editor. Rather,
the song provided Buffett, known for his lighthearted sense of humor, a chance
to parody what seemed to be a univetsal experience—the struggle to learn math,

The title, however, was a little disconcerting to some mathematics teachers,

even those with a generous sense of humor and Jimmy Buffett CDs by the
stereo. Buffett’s song seemingly contradicts the messages NCTM sends about
mathematics, Most recently, NCTM’s “Do Math .., and You Can Do Anything”
public service campaign has been trying to instill in students the realization that
mathematics can be a key to the future. But the song includes references to some
timeworn stereotypes—such as notions that math is hard, that it’s boring, and
that women, especially beautiful ones, can’t do it. Is “Math Suks” a setback?



May 2000 MT has 1st comprehensive article
on song in math class

Lawrence Mark Lesser

a long-run frequency? What do probabilities mean
in weather forecasting, for example, will 100 per-
cent of the geographic area receive rainfall? Is the
estimate a statement of history? Is the weather
forecast wrong if it does not rain?

Statistical language is also used in such lyrics
about resisting mainstream conformity as this one
by the rock band Rush (1981):

Everybody got mixed feelings about the function and
the form;
everybody got to deviate from the norm.

ongs in the mathematics classroom Another example is this lyric from singer-songwriter
can be fun and functional; they can supply motiva- David Wilcox (1999):




then Autumn 2001 TS has 1st article

on song In statistics class
TEACHING STATISTICS

An International Journal for Teachers

Musical Means: Using Songs in Teaching Statistics

KEYWORDS:
Teaching;
Lyrics;

Songs;
Hypothesis test;
Permutations;
Mozart effect.

Lawrence M. Lesser

Armstrong Atlantic State University, Georgia,
USA.

e-mail: lesserla@mail . armstrong.edu

Summary
Songs offer fresh motivations for probability and
statistics.

¢ INTRODUCTION @

T eachers are always looking for fresh realms
to increase the interest in associated concepis
of statistics. Few areas of life appeal to youth as
much as music. Simonite (2000) reports on data
that were quickly generated by testing university
students and staff with questions about pop music
from the 1960s and the 1990s. Simonite explains
that having “a ready understanding of the context
allowed students to suggest theories explaining
variations in scores which were then tested statis-
tically” (pp. 58-9).

Students’ ready understanding of (and interest in)
the context of songs can be utilized more generally
throughout the probability and statistics cur-
riculum. Adding to some of the ideas of Lesser
(MY we mrecenit caveral tvenee af evamsilec -

be displayed using a number of representations,
including a pie chart, bar graph or pictograph.
Primary school teachers may also utilize botile
graphs (in which children cast votes by adding a
standardized cup or eyvedropper of water into one
of several equal-sized clear bottles or cylinders
and then examine the final water levels; see Bam-
berger and Hughes 1995) or glyphs (pictures
whose features convey information according to
a legend; see Harbaugh 1995).

There 1s also a wide variety of guantitative data
that can be collected and summarized, such as the
length of time of songs or the number of words in
titles of hit songs. These data also can be displayed
using a number of representations, including a
histogram, a stem-and-leaf plot, a box-and-whisker
plot or (when examining two quantitative variables
simultaneously) a scatterplot.



Australia’s largest newspaper
called my lyrics “bizarrely effective”.

Sound way to
learn maths

A teacher puts complex maths theories to music -
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and SAMANTHA AMJADALL finds it adds up

amry Lesser hos discoversd
the secret to fostzning a love
for mathematics in his
students — Keony Rogers"
catchy biullad Fhe Grawlrler,

D Lesser, @ mathematician with
a penehant Tur song, foand bis
chargea coubdn'i grasp the
bamboweling theones in his
umiversily courses. 5o he amply
put lhe complex lormul: = and
cguitions, W mesic, Now siadents
flock ks s classes = and they're
getung berter inacks,

His gmudents learm to memorise
the value of P2 o the tare of Don
McLean’s American Ple, they're
taught the feavures of 4 graph o
Hetee Midler's Fram A Dircnce
and. for those interested in the
matlematics of random
necurmences such as lolteries it's
e Geonlifer which they glestully
sing along o

D Lesser said his iwo-rminute
inaihs ditiies were generally the
only thing a student would recall
from a [esson — sometmes the
CUHES S2IMEs1ET’ S Coupse.

“alihough masic does help

with memorieaion, 1ase i mone
for pootivation,” said Lesser, a
maths professon at Arnadrong
Atlant Slale University io
Savannah, Getrgia.

“"They re certainly cutstanding
minemonic devices o help siudenis
lewrn und recull information, ofben
WL QDS enjoyTent oF less.
amspery. " ) .

Dir Lesser chooses rap songs for
memiising basis facts, bul prelers
lenger, catchier tunes such as We
Wiii Grapli Fow, 5 reworking of
Oeeen' s clasgic We Will Rork Yo,
{bend sitiger Freddie Meroury is
pictursd above) for leaming
fundarnental theores sueh as the
procedures needed for praphing a
lipe ur paraboida.

Bt Dz Lesser won't whack his
preceoms wonds into any old soag.
He chuoses his songs lovingly smd
uvoids profune songs and sacred
moes, prefeming inskead to wse
chart toppers thal his penerally
leenape Students will knoms.

wwn.math, armstrong.ed wiaculty’
lassanMathemusician. himd

_I_Ii qr-q-r.-'.'.\th.... .dl.u.n -
e metno
Freddle Mercary's alge-emthmic
wetals have Deen - purpeied”
by Lamy Llesger, whe teaches
Hudents o graph a geien lunc-
tign using the tune of Mercury's
e BT Aok Your,

Thz students must chant and
clap 1he song In undsm.

lesser's  hizamely  effective
rewdiblor &5 called M W7 Grapd
You and goes like {his:

Yoo manis draw 3 pavabels
from the genersl form sipsbrs.
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e consfant © i3 dhe -rarcenf,

A verlics] e Neoaeh the
vertpr geves spmmely o yor
skgich, zad we b3, we bow
praphed pos! (Twice repeafedl,




conference edutainment

e for mathematicians (e.g., MAA MathFest
opening banquet)
o for statisticians (e.g., USCOTS banquet)

o for K-12 teachers (e.g., opening session of
NCTM Regional in Nashville)

7:00 p.m-8:00pm./ |

Composing Connections: Mathemusician Merges Math
and Music in the Music City!
(General Interest) Session

M A mathematics education professor, former schoolteacher, and published songwriter
will share inspiring, diverse, and accessible connections between math and music that
can help increase studens’t motivation and appreciation for math. His engaging math
songs and raps have appeared in many journals and had international mass media coverage.

Lawrence M. Lesser
University of Texas at El Paso, El Paso, Texas

205 (Convention Center)



from my years teaching HS...

e Did a math rap in teaching on my interview!
e Made connections to students and learned to

appreciate (and parody) songs from newer
artists (John Mayer, then Taylor Swift, Carly
Rae Jepsen) or movies (Titanic)

o Students inspired math topics



Example:

a song | wrote to help my

HS geometry students recall &
distinguish 2 main circle formulas

using the tune that helped us all
learn the alphabet!



“Ci rC I e SO n g "’ lyric © 2004 L. Lesser

you complete each rhyme!

Take your finger ‘round a jar /
Circumfrence equals 2 pi __~;

For area, you multiply
R squared by that number * .

Twinkle, twinkle, you're a star
Knowing math will take you " !


http://images.google.com/imgres?imgurl=http://www.eastonsod.com/images/circle.gif&imgrefurl=http://www.eastonsod.com/index_squarefeet.html&usg=__Lhs8zeuJ3oWwRZQ6aUqWdp-8ey0=&h=179&w=174&sz=4&hl=en&start=7&tbnid=Ir_v9QhoF4HToM:&tbnh=101&tbnw=98&prev=/images?q=circle+radius&gbv=2&hl=en

Cirele Somg
by Lawrence Mark Lesser

Take vour finger “round the jar:
Circumf rence equals 2 r!

For area. vou multiply

r squared by that number .
Twinkle, twinkle, you're a sar:
Knowing math will take you far!

Lesser (2014), JIMA

The first couplet, in addition to providing a
concrete example of an object with a
circular part, has end rhyme that forces
students to realize that the missing letter
must be r, not d (thus helping them recall
the correct formula later).

The third couplet concludes the song with
a math-positive affirmation.

The second couplet helps them recall
another formula and reminds them that 1r
IS just a number (though represented by a
letter) and its attention on an ‘r square’
(i.e., a square whose side has the length
of the radius) gives non-calculus intuition
into the plausibility of the area formula.

Flores & Regis (2003), MTMS

7N
N4

Fig. 2 The shaded triangle is one-half of the radius square.

dh
N/

Fig. 9 A circle cut into sixteen slices

MY

Fig. 3 The area of the circle is less than the area of four
radius squares.

Fig. 10 The slices of the circle rearranged




math & guitar/monochord
connections with K-12 kids

Local PBS kids show (gr. 1-3) lesson for local 7" & 8" graders
guest on BB (ep. 29 of season 1; 10/20/2011) (KFOX-TV 5pm news, 2/1/2013)




2013 skateboard/quitar article in European
J. of Science and Mathematics Education

 How frequency varies with a string’s length, tension, mass
 How frequency ratios sound
» Location patterns of guitar harmonics and frets

Scientific skateboarding and mathematical music: edutainment
that actively engages middle school students

William Robertson', Lawrence M. Lesser”

: Department of Teacher Education, The University of Texas at El Paso, El Paso, Texas, USA
1"|:2'-L']:|-.El]'tmr_'rlt of Mathematical Sciences, The University of Texas at El Paso, El Paso, Texas, USA

For correspondence: robertson@utep.edu

Abstract: Edutainment has recently been a major growing area of education, showing great promise to motivate
students with relevant activities. The authors are among innovators who have developed cutting-edge fusions of
popular culture and STEM concepts to engage and to motivate middle school students, using wehicles such as
music/ song and skateboarding. The importance of using relevant and practical methods of instruction and curriculum

delivery that build on student interests and increase enjoyment in the learning process are critical at the middle school
level, especially in the STEM fields. The use of edutainment in this manner is meant to inspire broader interest in
mathematics and science for middle school students and to develop a culture of education that makes leaming more
accessible to all students. This paper surveys and illustrates the use of such immersive modalities to involve middle
school students actively with concepts and suggests further directions for the use of demonstrations and videos in
educational settings.

Keywords: action, science, mathematics, skateboarding, music.



EXAMPLE

In (Holt) Algebra 2

Music Application

E strimg

Frets are small metal bars positioned across the
neck of a guitar so that the guitar can produce the
notes of a specific scale.

To find the distance a fret should be placed from 64 crm )
the bridge, multiply the length of the string by

2 12 wwhere n is the number of notes higher
than the string’s root note. Where should a fret be )
placed to produce a G note on the E string Bridge

Ty
(3 notes higher)? b !
[} _ 3 _;
13.1[2 lE::' = G4\2 12 Lise &d o for the langth "4
of the string, and
1 substitute 3 for rm
— H4|:2: '} Sirrodify
= i LI MNegative Exponent Property
2]
_ B4 —— 6 (25¢1
== simplify. [ s3lE123vess
2 4
= 53.82 Use a calculator

The fret should be placed about 53.82 em from the bridge.

=

@m 6. Where should a fret he placed to produce the E note that is one
ouT!. octave higher on the E string {12 notes higher)?

8-6 Radical Expressions and Rational Exponents G133
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Mathematical lyrics: noteworthy endeavours in education () Ty francis

Lawrence M. Lesser®
Department of Mathematical Sciences, The Untversity of Texas at El Paso, EY Paso, TX, US4
i Recetved 26 Jonuary 2004; accepted 29 Jufy 2014)

Mathematical Iyrics are song lyrics connected to, or inspired by, mathematics or statistics. This paper explores various types
of mathematical lyrics and their roles in mathematics education. In particular, the paper contains many examples of my own
lyrics as well as an extensive bibliography of lyrics composed by others. It also provides resources and strategies for creating
such lyrics and for using them in an educational setting.

Keywords: mathematical lyrics; statistical lyrics; song; songwriting: mathematical pedagogy
AMS Subject Classifications: 00AG5, 97D40, 97F90, 97A99, 9TMED, 97099

1. Imtroduction

Popular among students of all ages, songs with lyrics can
be a valuable vehicle for learming and engagement. Many
early examples of the use of mathematical lyrics in edu-

such as Tom Lehrer [63], Klein Four Group [29], Steve
Sodergren [55], The Fifth Moment [1], Marc Gutman [22],
Dane Camp [6] and a math parody band aptly named
the Dervatives [4]. While songs can build communi

e - a e

Taylor & Francis
st YandFaaling. com Heaa, Tt




there are international

math song contests!

National Museum of Mathematics (MoMath)

* Pi Day of the Century contest — spring 2015
e “Open Set” contest — fall 2015

e “Open Set” contest — spring 2017

Consortium for the Advancement of
Undergraduate Statistics Education (CAUSE)

* A-M-sing contest — odd springs 2007-2017



| was a winner in song contests held by the
National Museum of Mathematics for “Pi Day
of the Century” (3/14/15), fall 2015, spring 2017

UTEP.EDU | CALEND:/

utepnews

NEWS | RESEARCH | SOCIAL & ENTERTAINMENT |

Math Song Wins on Pi Day of the Century

Last Updated on March 16, 2015 at 10:20 am

EL PASO, Texas — Director of the Center for Excellence in Teaching and Learning at The University of Texas
at El Paso Larry Lesser, Ph.D., is now a national award-winning songwriter.

In honor of the Pi Day of the Century, since the date March 14, 2015 (3/14/15), is the only date in the 215
century that contains the first five digits of the number pi (3.1415), the Museum of Mathematics in New
York City sponsored a related worldwide song contest.

The naticn’s only math museum attracted more than 100 entries. Lesser entered two pi-themed songs,
"American Pi” (a parody of Don McLean’s No. 1 hit "American Pie”) and "Pi Will Go On” (a parody of the
Celine Dion hit "My Heart Will Go On” from the movie Titanic). "American Pi” was announced as the winner
at 3:14 p.m. ET on Pi Day, March 14, at the museum.

¢#{imesocom

NEWS

DR. LARRY LESSER
UTEP MATH PROFESSOR

News ~ Sports ~ Business ~ Entertainment -~ Lifestyle - Obituaries ~ Opinion ~ 5

HOT TOPICS: Officer killed  UTEP Twitter scandal EPCC  EPISD merger

CIRQUE DU SOLEIL

Home News

UTEP professor wins Pi Day of the
Century songwriting contest

By Aaron Martinez / El Paso Times

VAREKAS

POSTED: 02/14/2015 05:26:19 PM MDT

Listen to Greatest Lesser Hits

It will only happen once this century and for a math professor at
the University of Texas at El Paso, Pi Day 2015 will be a day he will

never forget.

Out of more than 100 entries from across the globe, UTEP
Mathematical Sciences Department Professor Larry Lesser's was
declared the winner of the Museum of Mathematics' Pi Day of the
Century songwriting contest on Saturday.

"It was a really hoot to win this contest, " said Lesser, who is
director of the Center for Excellence in Teaching and Learning. "It

was just shocking and such a great honor to win a national, well,

Border-security bill



2015 J. of Mathematics Education paper

Journal of Mathematics Education O Education for Aff
December 2005, Vol. ¥, No. 2, pp. 158-168

“American Pi”: The Story of a Song
about Pi

Lawrence M. Lesser
The University of Texas at El Paso, USA

This paper begins by overviewing motivations and means for using music in the
teaching of mathematics — in particular, six roles for the use of song. We then
share inspirations and variations for the award-winning song “American Pi"
fwhich parodies a song that topped the charts in the United States, Australia,
Canada, and New Zealand), followed by overviewing several options for
implementation in the mathematics classroom, especially the high school
classroom. It is hoped that focusing on characteristics and trajectory of one
particular mathematics song may help yield a framework or context for
examining, using, and writing other mathematics songs.

Key words: Pi1, lyric, song, humanistic mathematics, mathematics history.
Motivations

There are many ways music can be used to motivate or facilitate the
learning of mathematics. Robertson and Lesser (2013) include many references



to recall (6 sig. figures of) 7/

Chorus of “American PI” (lyric © L. Lesser):
Find, find the value of pi, starts 3 point 14159
A good ol’ fraction you may hope to define
But the decimal never dies,
The decimal never dies....

find this song on my “Pi Day” webpage!



like history teachers use
Billy Joel's “We didn’t start the fire”

In preparation for Pl DAY,

| share the lyrics of “American P1”

with my Algebra 1 students

who spend part of a week researching topics
& making a PowerPoint, book or short story.

-- 3/14/2008 emall from Melissa S.,
HS teacher in Nokomis, IL



Appendices iIn my JME paper

(#7 1s similar to Holt Geometry lab)

Appendix 1: “American Pi” lyric

©1997-2015 Lawrence M. Lesser (reprinted with author’s permission)

Prologue: A long, long time ago 1 can still remember
How that math sure used to make me smile.

And I knew 1f I had my chance, I would ace geometry class
And make my parents happy for a while.

But some math books made me shiver--

Dry procedures, all delivered:

Nothing past the rational,

And nothing transcendental.

I can’t remember if I cried, reading 3.14159_..

But something touched me deep inside

The day I learned of ... s0:

CHORUS: Find, find the value of x, starts 3.14159
A good ol” fraction you may hope to define,
But the decimal never dies, never repeats or dies...

In the Bible we do see the circle ratio appears as 3,

Or a little more....

That genius Archimedes found with polygons, an upper bound
Of 22/7 for sure!

The Chinese got it really keen: three-five-five over one-thirteen!
More joined the action with continued fractions.

In the 1700s, my oh my, the English coined the symbol &,

Then Lambert proved that you and I can’t find rational .

He started singing.... (Repeat Chorus)

Late 1800s, Lindemann shared why a circle can’t be squared
But some folks tried anyway--

Like the Indiana doctor who said nm was 4 or 3.2

And thought his proof should be a law someday.

The Indiana congressmen read his paper there and then

A bill got through the House by a vote unanimous!

But in the end, the statesmen cried, “It’s not for us to decide,”
So the bill was left to die like the quest for rational m.

Let’s try singing,... (Repear Chorus)

That doctor’s pi-in-the-sky dreams may not look so extreme
‘Cause we long believed

Deductive systems could be complete and there was one true geometry.

But now there’s more we see

Now when it comes to w, we test the best machines to find
Many trillion places that so far lack pattern’s traces.

It"s great when we can truly see math as human history--
That adds cunosity: easy as x!

Let’s all try singing. ... (Repeat Chorus)

Appendix 2: class gquestions, in order of appearance in “American Pi”

I. ‘What makes a number irrational and can you name one besides p1?

2. ‘What makes a number transcendental? Can you name one besides p1?
3. What is the difference between a decimal and a fraction and what are
the advantages of each?

4. What 1s an example of a fraction where the digits of its decimal
representation terminate?

5. What is an example of a fraction where the digits of its decimal
representation go into a repeating pattern?

6. How does 1 Kings 7:23 suggest a value of 3 for pi? (extension: see
Lesser (2006) to learn how further information can yield a closer value for pi)
7. Recreate how Archimedes started his process by using appropriate tools

to construct a circle of umit diameter (so the circumference will equal ), and
then find the perimeters of the inscribed and circumscribed hexagons. Those
perimeters are lower and upper bounds for m.

To explore a similar, but simpler, version of
Archimedes’ process, explore this diagram and use the
perimeters of the squares and the unit circle to verify 1
that because the circumference of a unit circle 1s 2w,
then 2w 1s bounded by 4VZ and 8, which places the
value of m between 2.8 and 4.

8 Verify how many decimal places of accuracy
the Chinese approximation 355/113 provides.
9. Look up what a “continued fraction™ is. Find the simplified improper

fraction represented by this truncated continued fraction: 3 + 1/ (7 + (1/ (1/1) )
10.  Look up why the Greek letter m was an appropriate choice (by English
mathematies teacher William Jones in 1706) of a symbol for the cirele ratio.
11.  With respect to the 1761 Johann Lambert proof that pi is irrational,
consider the result that “if x 1s rational, then tan(x) is wrational”. That is
logically equivalent to the contrapositive statement “if tan(x) is rational, then x
is irrational”.  Now let x = m /4 and see 1f you can deduce that m 1s irrational.
12, Squaring the circle means constructing a square with the same areas as
a given circle using a finite number of steps with the compass and straightedge.
Given a circle with unit radius, what is the circle’s area? For a square to have
that same area, what would the length of a side of the square have to be? Can
the answer to that last question be the root of a polynomial with rational number
coefficients?

13.  Use Hallerberg (1977) to explain how 4 and 3.2 were obtained.

14, What 1s a deductive system and what did Kurt Gédel prove in 1931
about completeness?

15.  For about 2000 years, Euclidean geometry was assumed to be the only
“true” geometry. What 1s another geometry we now know to be just as valid



covered by Calvin Coolidge (band
of then-HS students In Cleveland)

small world connection: the bassist's dad’s klezmer band played at my wedding the year | wrote the song!

> »l o) 319/400

American Pi

stratton111

: 8,760 views
+ Add 1o A Share  ses More 1 RER L

Uploaded on Mar 23, 2006
Calvin Coolidge plays American Pi



H. Lewellen’s math club (Shaker Heights, OH)
wrote song from first 50 digits of pi:

B middleC D E F G A B C D
0O 1 2 3 4 5 6 7 8 9

(see April 1987 Mathematics Teacher)
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You can get music
not only from a number’s digits,
but also from data!

(Ethan Brown et al., 2012)

Fuel efficiency scatterplot: visualization

Highway fuel efficiency
(miles per gallon)

Engine size [diéplacen"l'ent in litres)

Engine size — x, fuel efficiency — y

Statistical Sonification May B, 2012

Fuel efficiency scatterplot: sonification

Statistical Sonification

May B, 2012
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2016 interview in STEM songwriting blog
captured a lot of my motivations/process:
http://singaboutscience.org/wp/

STEM songster interview #19: Professor
Lesser

Posted on February 18, 2016 by crowther

7]

November 2015: Larr}f Lesser prepares to plfa].f "The Gambler,” one
of his winning entries in the 2015 Museum of Mathematics
{MoMath) song contest.

One of the only people in this world who devotes as much time as
me, or more, to writing educational STEM songs and thinking about
how to use them effectively is Prof. Lawrence M. Lesser of The
University of Texas at El Paso (UTEP). After years of occasionally
correspending with Larry via email, and reading his papers, I was
excited to meet him in person for the first time when he recently
visited Seattle — a visit which led to the following interview.

Sing About Science & Math: This interview, conducted via email,
is an extension of & conversation we began in Seattle. Larry,
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What might be hesitations,
given all these potential benefits?

Multidisciplinary connections,
Memory aid,

Multiple intelligences,

Motivation,

Making community,

Math anxiety reduction,

Mashing stereotypes (content, class, teachen),
Modelling stretching, etc.



%0 of Gender

(N=249) statisticS INSIructors wesereta, 2019
less open to using song than other fun
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Figure 1. Instructor Openness to Different Modalities of Fun




addressing hesitations

found in Lesser et al. (2013)

Hesitations

Can’t quickly find good examples
No skills/talent
Uses too much time

Incompatibility with students’ cultures

Class size
Need to be seen as serious by students
Need to be perceived as serious by

colleagues/supervisor; weak evidence of
helping learning

Solutions

CAUSEweb.org, etc.
Press “PLAY”; tap student talent

Use as students enter or papers handed
back. Assign as HW. Streamline length.
Have students access online outside class.

Know your audience (week 1 survey, etc.)

Song works just as well in large classes
Make explicit connections to content (or
assessment); make a mini-lesson plan

cite research studies, calls for
engaging/active learning, etc.



a classroom study vanvoorhis, 2002
2 equal-GPA sections of stats

Section R read 3 definitions aloud,;
Section S Sang 3 stat jingIeS (for same concepts)

S did better than R on relevant test items
p <.05

S had high correlation between test score and
self-rated jingle knowledge

p <.05



p-value DEFINITION vs. SONG:

A p-value is the
probability you obtain

at least this strong of
a difference

If the null hypothesis
of no effect

were really true.

It iIs key to know
what p-value means —

It’s the chance

(with the null)

you obtain

data that’s

at least that extreme!

lyric © 2005 L. Lesser



in July 2016 J. of Statistics Education

FOURMAL OF STATISTRCS EDIMCATION Tavlor &E .
2016, WL 24, MO. 2, 54-62 aylor rancis

hitpe/fdx.doi.org/10.1080/ 10691598 2016.1190190 Farlir & Francs Group

& OPEN ACCESS

Assessing Fun Items’ Effectiveness in Increasing Learning of College Introductory
Statistics Students: Results of a Randomized Experiment

Lawrence M. Lesser®, Dennis K. Pearl®, and John J. Weber, Il

Department of Mathematical Sciences, The University of Texas at El Paso, El Paso, Texas, USA; "Department of Statistics, The Pennsylvania State
University, University Park, Pennsylvania, USA; “Department of Mathematics, Computer Scences, and Engineering, Perimeter College at Georgia State
University, Clarkston, Georgia, USA

ABSTRACT KEY WORDS

There has been a recent emergence of scholarship on the use of fun in the college statistics classroom, CALSEweb fun collection;
with at least 20 modalities identified. While there have been randomized experiments that suggest that ~ Humor; Song; Statistics
fun can enhance student achievement or attitudes in statistics, these studies have generally been limited education research

to one particular fun modality or have not been limited to the discipline of statistics. To address the

efficacy of fun itemns in teaching statistics, a student-randomized experiment was designed to assess how

specific items of fun may cause changes in statistical anxiety and learning statistics content. This

experiment was conducted at two institutions of higher education with different and diverse student

populations. Findings include a significant increase in correct responses to questions among students who

were assigned online content with a song insert compared with those assigned content alone.



student-randomized experiment gz

(53 from comm. college; 194 from medium-sized university)

Half the students randomized to always have
“fun Inserts (song, cartoon, etc.)” in content
mini-readings accessed via LMS

All students take exams with 12-14 embedded
MC items related to the readings, such as:

If data points fit tightly around the line ¥ =2 — 3X, we can conclude there 1s correlation.

A. positive

B. negative

C. zero

D. more information needed

« All students asked to take pre/post surveys: attitude & anxiety



% Correct with and without Song Inserts

Without song With Song Difference

Equiprobability bias 40.9% 50.0%

p-value 44.4% 50.0% 5.6%
(2-yr. college)

p-value = 0.04
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besides YouTube.....?

= 'fl}u ‘ Search Q,

MoMath - The Open Set
MikeDobbs76

p PLAYALL

MoMath Math in NYC Trailer
MikeDobbs7e

Order it's done - LIVE at MolMath NYC
MikeDobbs76




my math/stat song resource page

just Google “Larry Lesser” or “Mathemusician’

www.math.utep.edu/Faculty/lesse themusician.htm
Resources & Bibliography ~SONGS! Cool Math & Music Quotes
MAore on Lesser | Presentations & Press Contact Info

PISER=

The MalheMyligian

“Find, find the value of pi -- starts 3 point 1413509.
A good ol’ fraction you may hope to define, but the decimal never dies ....”
-- from Larry Lesser’s award-winning “American Pi”

ABOUT THE MATHEMUSICIAN: To support his mission to motivate learning
mathematics/statistics, Professor Lesser integrates two great loves — math and music! An award-
winning songwriter in general songwriting contests, Lesser has also won awards for educational
songs and song videos in recent national contests (ASA. National Museum of Mathematics.

CAUSE. QL-SIGMAA) and a video of songs was shown at Bridges 2014. His songs have
vielded statistically significant learning gains in an NSF-funded randomized experiment, helped




statistics songs

causeweb.org/cause/resources/fun/

o site launched in 2005 (part of NSF’s National
Science Digital Library)

e searchable fun collection now has 600+ items
(including 100+ songs almost all with MP3s),

9 modalities, bibliography, & lesson plan guidance

& Register #

@ c @ § E HOME CONFERENCES v PROFDEV v RESEARCH v RESOQURCES~ AB

CAUSEweb Fun Collection

In this section we provide fun items related to statistics. including cartoons, a gallery of statistical art, jokes, magic. poems. word puzzles, quetes, songs, and videos.
Click here for an introduction to the literature and some usage guidance on teaching statistics using fun items. Consider participating in the A-p-Sing contest to
contribute to this collection. see recent winners and contest rules for more information.

Displaying1- 8 of 8

Keyword Type Topic ltems per page
APPLY

Call It Maybe
Lyrics ©2013 by Lawrence Mark Lesser
be sung to the tune of "Call Me Maybe’ (Carly Rae Jepsen, Tavish Crowe, and Josh Ramsay)

I went to find people’s heights, | measured each p

| Song | The numbers didn't match nice - and | said "
Wh .




science/math songs
http://singaboutscience.org/

SEARCH OUR DATABASE OF 70007 SONGS

Keyword/Phrase: || Gol
Keyword/Phrase: Gol
Performer/Songwriter: | Gol

Song Title: | Gol |
Song Template: | Gol I
(i.e., the original song upon which a parody is based)

Album Title: | Gol |
Website URL: | - Gol |

(e.g., youtube.com [omit http:// v“www.])

Additional (optional) search restrictions:

I~ Only include songs intended for students between ages |D and |EIE
ages" or adults will not be included if the range is narrowed to less than 0-
Only include songs known to be parodies.

Only include songs with online lyrics.

Only include songs with free full-length online recordings.

Only include songs with free full-length online videos.

Don't include songs that may contain adult language.

17T

Gol | Clear an |
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Roles of Song (Lesser, 2014)

recall

Introduce concepts/terms
reinforce thinking process
connect to history/real-world
humanize



Things to consider

Alignment with content learning objectives and
standards (CCSSM? PSSM? GAISE?)

Setup or pre-assessment

Delivery: in class (a capella, live instrument,
karaoke, or MP3?) or offline?

Student level of participation

Follow-up or post-assessment/exploration
(e.g., the “American PI” questions)




tips from Brame (2016)

TABLE 1. Practices to maximize student learning from educational videos

Element to
consider

Recommendation

Rationale

Examples

Cognitive load

Student
engagement

Active learning

Use signaling to highlight
important information.

Use segmenting to chunk
information.

Use weeding to eliminate
extraneous information.

Match modality by using
auditory and visual
channels to convey
complementary
information.

Keep each video brief.

Use conversational language.

Speak relatively quickly and
with enthusiasm.

Create and/or package videos
to emphasize relevance to
the course in which they
are used.

Consider these strategies for

promoting active learning:

Packaging video with
interactive questions.

Use interactive features that
give students contral.

Use guiding questions.

Make video part of a larger
homework assignment.

Can reduce extraneous load.
Can enhance germane load.

Manages intrinsic load.
Can enhance germane load.
Reduces extraneous load.

Can enhance germane load.

Increases percentage of each
video that students warch;
may increase total watch time.

May decrease mind wandering.

Creates a sense of social
partnership berween student
and instructor, prompting the
student to try harder to make
sense of the lesson.

Increases percentage of each
video that students warch.

May increase sense of socal
partnership berween student
and instructor.

Increases percentage of each
video that students warch.

May increase germane cognitive
load by helping students
IECOENEZE CONNECions,

May increase germane cognitive
load, improve memory
via the testing effect,
and improve student
self-assessment.

Increases student ownership
and may increase germane
cognitive load.

May increase germane cognitive
load, reduce extraneous
cognitive load, and improve
student self-assessment.

May increase student motivation,
germane cognitive load, and
student self-assessment.

Key words on screen highlighting important elements

Changes in color or contrast to emphasize organization of
information

Changes in color or contrast to emphasize relationships
within informarion

Brief out-of-video text explaining purpose and context for
video (e.g., learning objective for videa)

Short videos (6 minutes or less)

Chapters or click-forward questions within videos

Eliminating music

Eliminating complex backgrounds

Khan Academy—style tutorial videos that illustrate and
explain phenomena

Narrated animations

Multiple videos for a lesson, each < 6 minutes

Flacing the student in the lesson by use of “your” rather than
“the” during explanations
Use of “I" to indicate the narrator’s perspective

Speaking rates in the 185-254 words per minute range
Expressions of instructor excitement, such as “1 love the next
part; the way the feed-forward mechanism works is so
elegant,” or “Consider how the cell solves this tricky
problem of needing to regulate three genes in sequence;

it"s really cool."

WVideos created for the class in which they are going to be
used, with instructor narration explaining links to
preceding material

Explanatory text to situate video in course

Integrate questions into videos with HapYak or Zaption, as
described by Obodo and Baskauf (2015)

Follow short videos with interactive questions within an LMS,
as done by Keithly and colleagues (2015), or within
Google Forms, as done by Caudel and colleagues (2015)

Create “chapters” within a video using HapYak or YouTube
Annotate

Senchina (2011) provides guiding questions for videos
designed to introduce physiology students to professional
ethics related to experimenter—subject interactions, such
as the following: “Observe the subject’s behavior and
responsiveness during the dehydration period. What
changes as the subject becomes dehydrated? What
problems does he have? Observe the experimenters’
behavior and responsiveness as dehydration progresses.
What do they do differently? Why?"

Package videos with a series of questions or problems thar
ask students to apply the concepts from the videos.
iBiology Education videos {e.g., What Can You Learn with
a Light Microscope?) provide one example (iBiology,
2016)




Critical Reflection:
teaching/performing parallels

Awareness — your style/strengths, your
audience’s backgrounds

Preparation — so you have enough attention
to respond to nonverbal cues; what needs
practiced precision and what is better freshly
iImprovised?

Density — when ‘less Is more’; finding spaces
for audience interaction/contribution

Progression — meaningful sequence (beyond
Isolated songs/slides) that has culmination



we want: significant “fun value”
that does not overshadow educational content

| agree with Resnick (1987) that:

we should avoid implying that education is a
“bitter medicine that needs the sugar-coating
of entertainment to become palatable”

or that education and entertainment are
“services that someone else provides for you”
rather than “things that you do”



DI ersity connections

e Song affected by specific diversities of
Instructor and campus population; e.g., it may
not work for teacher to use a rap persona, or
parody a hymn or “Yellow Rose of Texas”

« Avoid harmful stereotypes (see my April 2014
Mathematics Teacher op-ed)

 Ethical/respectful fun builds community!



coming....Sept. 27-28!

(STEM-focused, almost free,
pedagogy/research/practitioner angles)

Info: crowther@uw.edu

201 Virtual Ongoing Interdisciplinary
Conferences on Educating with Song
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Who wrote this:
a mathematician or songwriter?

“the more you are familiar with problem solving,
you recognize variations

on problems that you've solved before....

The typical problems,
everyone learns to solve in the early years...
But with the atypical problems,
experience and technique become invaluable.”



Who wrote this:
a mathematician or songwriter?

“the more you are familiar with problem solving,
you recognize variations

on problems that you've solved before....

The typical problems,
everyone learns to solve in the early years...
But with the atypical problems,
experience and technique become invaluable.”

Paul Simon!
(interviewed in Sept./Oct. 2006 Performing Songwriter)



parallels: doing math & songwriting

“Flashes of inspiration” may come anytime, but
are usually preceded by much reflection, false
starts, and prior effort of developing a toolkit and
repertoire

Essence comes fast, detalls take longer
Versions can have same “content”

but differ greatly aesthetically
Some are steps toward something “bigger”
Useful to try varying structures or starting points
Peer feedback/collaboration helpful!
Cultivate “whole-brain”, not just left or right-brain



song (title) ideas

Songs with numbers or math terms
(modulo a pun): several songs have used
“50 Ways to...”

Steven Galbraith’s “List of Unintentionally
Mathematical Songs”

The Green Book
SongSet.net

Common misconceptions (my “1 in 27,
“Losing Cause”, etc.)



Algebra text exercise
(Wells & Schmitt 1996)

7.2 A Graphical View of Polynomial Functions 321
71. (Review) f(x)=-2x® + 24x9 - 96x2
72, (Review) f(x)=x%- 14x3 +24x2
73, (Review) 1(x)=x5-12x3 + 100
74,  (Review) f(x)=x7 - 1000x
75. "From a distance, the world looks blue and green,

And the snow-capped mountains white.”
From a Distance
Julie Gold

(Writing to Leamn) Graph each of the functions

fix) = x7 and g(x) = x7 - 3x0 + x3 in the window
[-100, 100] by [-10'4, 101#]. These graphs provide
visual support for the Highest Degree Theorem.
Explain why. (What does the line from the song
have to do with the exercise? You may want to use it
in your explanation.}



some of my math song titles topic

Mean Measure of center

The Gambler lottery literacy

From a Distance graphing

American Rie Pi History of the number pi

Hotel Califernia Called Infinity exploring infinity via Hilbert's Hotel
Call Me It Maybe variation

Heme-on-the Domain and Range domain and range

Hit Me with Your Best Shet Plot graphing

lmagine Imaginary imaginary numbers

LivinLa-Vidateea Findin’ Extrema Local finding local extrema



disciplinary songwriting challenges

« Technical precision versus accessibility/singability

 |s jargon singable and rhyme-able?

e Are math terms in important (repeating or rhyming)
positions?

e Balance concrete and abstract

e Keep tone inviting; don’t just address insiders

 Align to specific learning objective (e.g., not just a
“math Is cool” song, or a song that includes math
words but not in a way that teaches)



Difficulty continuum In song forms

Parody (change some words In existing song)
Rap (rhythm and rhyme, but no melody)
12-bar blues

1-verse jingle

AAA

AABA

ABAB (Verse-Chorus)



Lyrics need more than rhyme
(Lesser, 2014)

Melody conveys meaning

Letter combinations must be singable, and
have grammatical phrasing aligning with
musical pauses

Must have conversational (e.d., subject-verb-
object) word order and avoid ambiguous
nomonyms and long clauses to communicate
oy ear In real time on first listening

Place key words where there are end
rhymes, long notes, downbeats, or repetition




free (or nearly free) song apps

* Rhymezone.com, Rhymer.com, b-rhymes
 GarageBand
« SoundCloud

 Evernote, FourTrack, Songwriter’'s Pad,
Suggester, Simple Songwriter, Nanostudio,

Song Box Lyric Writer, Songboard, Hum,
Band Creator, SongSet, etc.



student-made examples

e Class project/enrichment: rubric can
assess creativity, accuracy, how well lyrics
go beyond just mentioning a term, etc.;
students can put song on YouTube,
SoundCloud, etc.

e Contest: National (e.g., MoMath, CAUSE)
or classroom

* Benefits may be similar to what Young et
al. (2013, p. 15) found with poetry:



Young et al. (2013, p.15)

“provides a voice to some students who are
shy about speaking In class;

It provides a place for humor, playfulness,
Irreverence, and the expression of shared
emotions;

It recasts thinking about course material into
new patterns;

It enhances student-teacher and student-
student communication:; and it fosters an
Interactive classroom environment”



Outline

Background
Addressing Hesitations
Finding Songs

Using Songs

Writing Songs
Interactiveness

Q&A



a continuum of song “interactiveness’

_isten to recording

_isten to performer

Provide accompanying rhythm

Sing along (with lyric displayed)

Complete each rhyme with only 1 right answer
Provide inputs to help create the song

Write your own song (with scaffolding offered)




2015 - present  NSF grant (oue 1544237)

Project

Student-Made Interactive Learning with
Educational Songs (for introductory statistics)

GOAL.: to write (and assess) interactive songs
of high aesthetic and pedagogical quality
to maximize learning and engagement




why statistics Is a great vehicle
for our NSF songs grant

o Statistics Is offered In several departments
and taken by students in many disciplines

o Statistics anxiety occurs across disciplines
(e.g., in the humanities, social sciences, and in
classes for pre-service elementary school teachers),
and anxiety-reduction is one potential benefit of the
use of fun items



Quick! | need...

An exclamation
An adverb
A verb ending in ‘ing’ %
A plural noun €9).




the Mad Lib result:

1” she said
exclamation adverb

This talk on song Is as noteworthy as

verb ending in ‘ing’  plural noun



Writing songs ready for inputs!

* “Inputs” can be neither trivial nor too open-
ended, whether they make a conceptual
connection or provide an example

 Inputs generally must avoid end-rhyme

“How do shoe length values go
When height is high or when it's low?”

* Inputs need to be robust or scaffolded for
part of speech, verb tense, (rough) number
of SyIIabIeS, elC. “....When elbow length is high or low?”

o Keep short/interesting to keep engagement

e Can't just take an existing song and remove
a few words



tOpiCS of 22 SONQS (aligned with literature,

Guidelines for Assessment and Instruction in Statistics Education,
Goals and Outcomes Associated with Learning Statistics instrument)

Levels of measurement
Mean vs. median
Convenience vs. random
sampling

Patterns of correlation
Correlation vs. causation
Statistic vs. parameter
Estimator bias

Margin of error in poll
Effects on width of CI
framework of testing Ho
Reporting test conclusion
Concepts of X? test

Effect of n on significance
Concepts of regression model
Concepts of ANOVA test
Variances (not SDs) add
Bayesian reasoning (most
tests for rare traits yield false
positives)

Central Limit Theorem
Simpson’s Paradox

Ethics in statistics

most are 2 min. long



songs written fall 2015 by collaborative of
statistics and music professionals...

Greg Crowther (Seattle, WA) — university biology lecturer,
researches in science ed (STEM songs) and science,
curates singaboutscience.org database of 7000+ songs

Monty Harper (Stillwater, OK) — award-winning full-time
touring performer/writer of educational science songs; MS
IN mathematics

Tom Toce (NYC) — theater/cabaret songwriter with album
cuts and ASCAP awards; senior actuarial adviser at Ernst
& Young; Fellow of Casualty Actuarial Society

Amy Adler Williams (Austin, TX) — songwriter, cantorial
soloist, music teacher, CPA, Certified Fraud Examiner



...and internal collaborators
(both at UTEP since 2004)

e Larry Lesser — statistics education researcher; award-
winning songwriter; published 70+ math/stat lyrics and
several papers on using music Iin statistics/math courses

« Dominic Dousa — classical music theory and composition
faculty; (piano) accompanist and chamber musician; MS
and college teaching experience in statistics




and then, UTEP’s Steven Haddad

coordinates talented music majors of UTEP
In its state-of-the-art Commercial Recording studio!




pre-song prompts for
“Simpson’s Paradox” song

Please fill in the blanks below with words that are as short as possible. Refer to these examples if

you need help. Show examples: m m m .

Give the name of a group that people could leave or join, comprised of two mutually

exclusive types of people or individuals. )
Give a general label for any individual in your group (plural noun). m

Give a label (plural noun) for one type of individual in your group, ideally a type likely

to score the higher average measure of your variable. I3

Give a label (plural noun) for a second type of individual in your group, ideally a type



pre-song prompts for

“Super Bowl Poll” song
Super Bowl Pall

Pick your favorite NFL team; if you don't have a favorite, just pick a team you think

might be good: (" select - ) .

The margin of error for a sample proportion for a survey of 1000 people would be

about %. @

If 17% is the sample percentage, then the margin of error you entered in the above
item gives an interval estimate as low as % and as high as

%.

If you multiplied the sample size by a factor of nine, that would | select -~ | the margin

of error by a factor of
increase

decrease

Continue ®



Super Boll Poll

Will the _Texans win next season's Super Bowl?
We asked about 1,000 fans in a scientific poll.

The margin of errorwas 3 %

That's roughly the reciprocal of the square root of n.

17% answered "YES' in the poll,
But what could it be for the population as a whole?
At the 95% level of confidence

The interval goes from 14 to 20 %.

If we multiply the sample size by a factor of 9,

The new margin of error that we could find

Would be a _third as large as what we had before.

Thanks to the formula, you know the score.

Go Texans !

The margin of errorwas 3 %

nm o
CEEE—

STUDIO VERSION

00:18



Timeline — stay tuned!

Write lyrics, music, and template prompts; get peer feedback
Pilot: do students understand prompts for inputs?

Record songs in UTEP’s Commercial Recording studio, then
Interface with singing voice synthesizer software

Train automated grading system with several hundred students

Experiment: students randomized to (1) readings only,
(2) readings with complete songs, or (3) readings with
Interactive songs that they complete

Post definitive completed versions of songs on CAUSEweb



some thank-you’s

Song An, Art Benjamin, Dane Camp, CAUSE, Greg Crowther,
GCTM, Sarah Glaz, Kerry Go, Gizem Karaali, Ed Loewenstein,
Leo Mazow, NSF, Bruce Palka, Dennis Pearl, Rey Reyes, Allan
Rossman, Bill Robertson, Justin Slauson, Norm Sperling,
Daniel Tillman, John Weber, Alvin White.

Mom & Dad for the first guitar & lessons!
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Annalisa Crannell

MAA Haimo Awardee for Distinguished Teaching (1/8/2008)

“Paradoxically, if our own intellectual lives are ‘all math, all the time,” we face
a lot of challenges when we try to woo others into our discipline.”

“our mania for ‘balancing’ parts of our lives (teaching & research; work &
family) compartmentalizes them in harmful ways ...it's possible to integrate—
rather than merely balance” (si200s)




thanks for attending

“Changing the Rhythm of Math Class: Using Educational
Songs to Cultivate Learning and Community”

WE WELCOME YOUR QUESTIONS & FEEDBACK

Larry Lesser

The University of Texas at El Paso

Lesser@utep edu

“http://www.math.utep.edu/Faculty/lesser/Fun.html
Join us at VOICES Sept. 27-28!


mailto:Lesser@utep.edu

Choose a song....

Example of math rap (96)
“American P1” (104)

“Mean” (110)

“The Gambler” (113)

“Hotel Called Infinity” (117)
“World’s Longest Math Song” (123)



If not yet ready to try melody....

Give rap a ehanhts chance --
Rap still has rhythm ‘n’ rhyme

short examples:

Defining trig functions: SOH-CAH-TO-A
4 rigid motions: turn, slide, flip & glide
Rhombus: Equilateral quadrilateral
Euler's formula:F+V =2+ E



The Algebra Teacher Writes InVerse
(Lesser, 2017)

Triple x, then add 5, then divide by 2.
Label that answer y, now let’s flip the view.
Double vy, take off 5, third makes déja vu!

X3 +5 <2 (3Xx+5)12=y

/3 5 x2 (2y - 5)/3 = X



Now .... try this (algo)rhythm:

Stomp-stomp-clap-(rest)
1 2 3 4



For graphing y = mx+Db:
L. Lesser adaptation of 1998 version by former IL teacher-of-the-year & NCTM Board member John A. Carter
Buddy you're tryin’ to draw the line
For the m and b we’re assigned:

Ain’t hard you see, put your pencil on the b,
One more point will guarantee that....

—>X




“We Will Graph You!” ©1998 Carter/Lesser

sing-along:
We will, we will
Graph you!

We will, we will

Graph you!



http://faculty.matcmadison.edu/kmirus/GraphPaper20x20AxesUnits.bmp

“We Will Graph You!” ©1998 Carter/Lesser

So now you know the y-intercept;
Here’s how we find the rest of it:
Up with rise, across for run,

Plot another point & when they're
strung, sing: 4 y=mx—+b

i
»
\A

%




“We Will Graph You!” ©1998 Carter/Lesser

sing-along:
We will, we will
Graph you!

We will, we will

Graph you!



http://faculty.matcmadison.edu/kmirus/GraphPaper20x20AxesUnits.bmp

Sound way to
learn maths

A teacher puts-complex maths theories to mu;:ic-La
and SAMANTHA AMIJADALI finds it adds up

arry Lesser has discowveredd
the secret Lo [ostering a love
for mathematics in ks
Students — Kenny Rogers™
calehy bulliwl Ffe Crarmlrier,
D Lesser, 1 mathematician widh
o penchant fur song, found his
charges eooldn™t grasg the
bambooeliog theones in his
universily coutrses. So he stmply
put the complex formuls zand

equalions, Lo music, Nosw students .

flock e his classes — and they 'ne
getting better marks.

His stlents learn to memorise
the value of Pi to the tune of Don
McLean's American FPie, they're
taught the features of a graph to
Bette 3Midler®s From A Distance
and. for tho=e interestad in the
mathematics of random
ococurrences such as loberies ic' s
T Crarmbifer which thew gleetully
sing along 1o,

e Leesser saicd has bewa-munute
imnibs ditdes were penerally the
only thing a stadent would reeall -
frormm & lessaon — sornetimes the
ETire SeInesber’ S Coursa,

“*Allhough music doss help

with memorisaton, Tuss ILngre
for motivation,”” said Lessar, a
maths professor at AInNsirong
Atlantic Srare Universioy in
Savannah, Georgia. ’

“*They're cermainly cutstandicg
mncimonie devices o help students
leam and recall informanon, ofien
with Tore enjoyment or less .
anxisly.”

D Lesser ::hu::mes rap songs inr
memonsing basic factys, butl prelers
lenpar, catchier tunes such as We

Well Srapts Yo, areworking of
Oueen’'s classic We Will Rock Yeoru,
{lead singer Freddie Mercury is
pictured above] for lcarming
Fundamenial theores such as e
procederes necded f-:-r g,rapnmg a
line or paraboia.

But Dr Lesser won't whack his
precious words intz any old song.
He chiooses tus sonies lovingely and
avolds profane sones and sacrad
tunes, preferming instead Lo use
charm topprers that his generally
teenae studencs will kriow.

]

The method

Freddie Mecurny's algo-rhythmic
vorals have begn “re-purposed
by Larmy lasser. who teaches
students to graph a given func-
tipn esing the tune of Merl;'.ur]rs
e WWIF Rock Yo
The students must chant and
clap the song in umison.
"Lessers hizamely effective
rendibion iz called We WAS Grapgh
You and goes like this: .
You warna drow & parabois
from e gonerad forme almobra.
Dot despair, complele Me
square. Thex of Mhe verfer comes
aut Frere amd we WL we walt
graph ol fehorws fwice re-
peated)
The. vertex mow is figured a.[.n!“

bt does tha graph smile or

frowen?

The nomier next fo the sguare
of x, gave e sigr to make the
skafeh, naw — e Wil Wwe el
graphi youf (twice repaatad)

Find and plat any x-intercapts.
the conslant © is the r—infarcepf

A verical Wne fhrouoh He
vertex, gives smmelly for yoor
shefck, and we fave we fawe
graphied pow! (lwice repeated).

uns prelaH [suinoqan] 20/TE/E



“American PI” prologue ... ..o

A long, long time ago, | can still remember
How that math sure used to make me smile.

And | knew if | had the chance, R

| would ace geometry class

And make my parents happy for awhile. .

But some math books made me shiver—

Dry procedures, all delivered: : ‘

Nothing past the rational, [oms T e Tvonw | s T

and nothing transcendental.
e | mye [l @22 8w | 4

| can’t remember if | cried, reading 3.14159..
But something touched me deep inside the day | learned of pI.

images from http://oilf.blogspot.com/2012_08_01_archive.html and http://www.salon.com/2011/09/14/denvir_school/



http://oilf.blogspot.com/2012_08_01_archive.html
http://www.salon.com/2011/09/14/denvir_school/

1 . ‘ 7 i 1
A m el' | C an lyric © 1997-2015 Lawrence M. Lesser

CHORUS:
Find, find the value of pi,
starts 3point141509...

A good ol’ fraction

you may hope to define
but the decimal never dies,
never repeats or dies....



“Am e rl Can P I ” lyric © 1997-2015 Lawrence M. Lesser
2%
\\C\\\‘}fsf1 T

In the Bible, we do see
the circle ratio appears as 3,

or a little more....

That genius Archimedes found

with polygons, an upper bound
Of 22/ 7 for sure! —
The Chinese got it really keen: 355 over 113!

More joined the action with series and continued fractions.
In the 1700s, my oh my, the English coined the symbol T,
Then Lambert proved that you and | can’t find rational pi.
He started singing..........




1 . ‘ 7 i 1
A m el' | C an lyric © 1997-2015 Lawrence M. Lesser

CHORUS:
Find, find the value of pi,
starts 3point141509...

A good ol’ fraction

you may hope to define
but the decimal never dies,
never repeats or dies....



14 . 1
Am e rl Can P I lyric © 1997-2015 Lawrence M. Lesser

Late 1800s, Lindemann shared why a circle can’t be squared
But some folks tried anyway—

Like the Indiana doctor who said pi was 4 or 3.2

And thought his proof should be a law someday.

The Indiana congressmen read his paper there and then--

A bill got through the House by a vote unanimous!

But in the end, the statesmen cried, “It's not for us to decide,
So the bill was left to die like the quest for rational pi.

Let’s try singing....

Ferdinand v. Lindemann (1852-1939)
|

|
|
|
7 3
|

Deutsche Post Q

MARKE INDIVIDUELL

U1
Ul




1 . ‘ 7 i 1
A m el' | C an lyric © 1997-2015 Lawrence M. Lesser

CHORUS:
Find, find the value of pi,
starts 3point141509...

A good ol’ fraction

you may hope to define
but the decimal never dies,
never repeats or dies....



my version of “Mean’”,
2012 Grammy-winning country song of the year

You...with your words like mean & mode &
symbols that you use against me--

u....stands for a population mean
and x for the sample.
Who...knows what symbol to use




1 7
M ean (lyric © 2011 L. Lesser)

But it can get pulled off
by just one single point,
And you don’t know what you don’t know...

| [ [ | | | |
b | 1 11 iz 13 14 15
Show:
I+ Mean il
I+ Median il
M Mode ™

® Shodor |




1 17
/\ M eall (yic 2011 L. Lessen

mode median mean

Sometimes, data have a real asymmetry

Or values that are really quite extreme. vean year
In those cases, better use the median

If what’s typical is what you need —
That’s not gonna be the mean!

hat won't be the mean with outliers,

just forget it, do you see just what | mean
& mean & mean & mean....



B.C. BY JOHNNY HART

WHAT 0o You Do T eoEs -ro couU
WiTH ALL. THEMONEY ECUCATIO Aﬂé?é.m;gﬁgg

WHY 7

YOoU TAKE IN 7

© 1. CREATORS STYMNMOECATE, B, DEST. 7 LA, ThafS SrrarecaTE 15

TO FleurRrEeE OUT THE O,

ONCE THEY GET SMARET ENcOUEY]
THEY L - UIT FLAYING= |




lotta lottery outreach ~ Professor
seeks to

evenn odds

of lottery

l Class aims to
unravel the

! : ! numMmerical mysteries
o features in teacher-friendly journal  of the state’s game

(e.g., Sept. 2012 Mathematics of chance

By David ot
T h American-sStatasmean Sapital Staff
eaC er) What are the chances of winning
the Texaas L.ottery jackpot if soua

 adult ed. courses

 media coverage (newspapers,
radio/TV from local to CNN)

Play 20 timnes a week for 50 veara?-

. ﬁl:el the oumbers 1-2-3-4-5-8 as
* Lottery Literacy webpage; 5055457 Why "a5es “The “Tonas
Lottersy give 33 prizes to plavers

YouTube video e e b ereT ample

guestions that a Iocal statistics
° Ad Song: #1 country song

professor hopes to answer when he
afferse mn inforrmal, mot-for-credit
whose title begged to be made into a
lottery education song!

class entitled, “"Lotto Luck,” next

The class, opern (0 15 students o a
first-come, firat-perved basis, will
Lbe 10 .a.ma. to noon on Sept. 18 on
the T carmmas -

the Iotterv. Rather, Legsser meresly
wants people to Eknow the oddsa

more important, to bhe able to un-
derstand odda and probabilities.
““*FPeople talk ab»out illiteracy in

month at the Ulniversity of Texas. -

Plaxntied by St. BEdward’s oi-
wersity Professor Liarry Lesaer, the
class 15-not intended tao eneaathge
or dissupde anyone from plaving

they're up against — and perhoaps

Cntyeday Auanet 38 1333

¥

fﬂ.ﬁ Thie saetinn 1= rarurlahla



“The Gambler” excerpt e 2001, 2009 L. Lesser

On a warm summer’s evenin’,
on a train bound for nowhere,

| met up with a gambler --

we were both too tired to sleep.
So he told me how he planned
winnin’ lottery prizes

“Til, as a math teacher, | just had to speak:

“SOI’], you traCk thOSG draWS, ‘LottoTexas'EPastWinningNumbers

yOu say ya got a system-— 2014 2013 2012 2011 2010 2009 2008 2007 2005 2005 2004 2003 2002 201 2000

1999 1993 1997 1996 1995 1994 1993 1992 AllYears Download ViewIn Draw Order

You call some numbers “hot”, R T

Results Date Humbers Jackpot Winners Qption
you deem OtherS “due”- VewDelals 02122014 13 16 31 36 43 49 SOiion Rall
y ViewDetalls 02082014 7 16 17 26 42 51  $825Million Ral
. . ViewDetslls 02052014 16 23 25 29 49 54  §75Milion Rall
But I |nS|St, they eaCh have ViewDetsls 02012014 6 10 14 27 36 51 §7Milion Roll
ViewDetalls 01292014 8§ 10 43 48 49 51  $6.75Million Rall
the same Chance_ ViewDetails 01252014 4 25 27 35 44 43 $65Milion Ral
ViewDetalls 01222014 4 10 13 25 34 41 $6.25Million Rall
y ViewDetails  01A812014 16 18 32 36 45 46 $6 Million Rall
If yOU e gonna play the game, boy, ViewDetails 01452014 23 25 28 35 36 47  $5.75Million Ral
ViewDelsils  01/12014 12 20 23 30 40 41  $55Milion Rl
Ya gotta knOW What’s truel” ViewDetals 01082014 8 19 25 26 30 30 §5.25Milion Ral
. ViewDelalls 01042014 14 21 27 35 37 38 S5 MHillion Ral

ViewDetalls 01012014 15 17 43 45 47 50 $12Millon 1 CVO




“The Gambler” e 2001, 2009 L. Lesser o

A
You gotta & @2
Know when you pick ‘em, gg*@
What's superstition, 55%%
Know what is strategy * s
And know when there’s none! Se €
o2
You never try to learn this “@"%3‘; >
At the 7-11: - e

Take the time right now for learnin’
When the singin’s done!



QUIZ

what happens if you
give this hotel sign

a quarter-turn? \




German mathematician,
1862-1943

the “Hilbert Hotel” David Hilbert
is no Hilton Hotel: Y

infinite # of rooms always full,
but always room for more guests!



lyric © 2000-2012 L. Lesser

On a dark desert highway —

not much scenery

Except this long hotel

stretchin’ far as | could see.

Neon sign in front read m
But it was late and | was tired,

so | went inside to plea.

The clerk said, “No problem. 1 2 3 456
Here’s what can be done—

We’ll move those in a room 2 3 4 5 6....
to the next higher one.

That will free up the first room

and that’s where you can stay.”

| tried understanding that

as | heard him say:



“Hotel (Called) Infinity” Iyric © 2000-2012 L. Lesser

CHORUS (sing along!)

“Welcome to the Hotel called Infinity
Where every room is full

( )

Yet there’'s room for more.

Plenty of room at the HOTEL called Infinity
Move ‘em down the floor

(

To make room for more.”




“Hotel (Called) Infinity” © 2000-2012 L. Lesser

My mind got more twisted
when | saw a bus without end 1 2 3 45 6

With an infinite number of riders
coming up to check in! 2 4 6
“Relax,” said the nightman.

“Each one will move

to the double of their room number
to free the odd-numbered rooms.”

Last thing | remember at the end of my stay—
It was time to pay the bill, but | had no means to pay.

The man in room #3 smiled, “Your bill is on me.
#4 pays mine, and so on, so you get yours for free! g ‘


http://blogs.phillyburbs.com/news/bct/wp-content/blogs.dir/3/files/Dollar_sign.jpg

“Hotel (Called) Infinity” lyric © 2000-2012 L. Lesser

CHORUS (sing along!)

“Welcome to the Hotel called Infinity
Where every room is full

( )

Yet there’'s room for more.

Plenty of room at the HOTEL called Infinity
Move ‘em down the floor

(

To make room for more.”




QUIZ

Speaking of infinity,
what'’s the world’s longest math song?

Hint: it uses “aleph null” (xo),
which iIs the cardinality of {1,2,3,...}



“World’s Longest Math Song” (author unknown)

No bottles of beer on the wall
No bottles of beer

Take one down,

Pass it around....

No bottles of beer on the wall!
(repeat over & over & over & ....)



World’s Longest Math Song: “all-ages version”

No bottles of « beer on the wall
No bottles of v beer

Take one down,

Pass it around....

No bottles of V beer on the wall




in July 2016 J. of Statistics Education

FOURMAL OF STATISTRCS EDIMCATION Tavlor &E .
2016, WL 24, MO. 2, 54-62 aylor rancis

hitpe/fdx.doi.org/10.1080/ 10691598 2016.1190190 Farlir & Francs Group

& OPEN ACCESS

Assessing Fun Items’ Effectiveness in Increasing Learning of College Introductory
Statistics Students: Results of a Randomized Experiment

Lawrence M. Lesser®, Dennis K. Pearl®, and John J. Weber, Il

Department of Mathematical Sciences, The University of Texas at El Paso, El Paso, Texas, USA; "Department of Statistics, The Pennsylvania State
University, University Park, Pennsylvania, USA; “Department of Mathematics, Computer Scences, and Engineering, Perimeter College at Georgia State
University, Clarkston, Georgia, USA

ABSTRACT KEY WORDS

There has been a recent emergence of scholarship on the use of fun in the college statistics classroom, CALSEweb fun collection;
with at least 20 modalities identified. While there have been randomized experiments that suggest that ~ Humor; Song; Statistics
fun can enhance student achievement or attitudes in statistics, these studies have generally been limited education research

to one particular fun modality or have not been limited to the discipline of statistics. To address the

efficacy of fun itemns in teaching statistics, a student-randomized experiment was designed to assess how

specific items of fun may cause changes in statistical anxiety and learning statistics content. This

experiment was conducted at two institutions of higher education with different and diverse student

populations. Findings include a significant increase in correct responses to questions among students who

were assigned online content with a song insert compared with those assigned content alone.



diverse settings of Project UPLIFT’s
student-randomized experiment

Type of course
Region of U.S.
Student population

Main audience
Text

LMS (Learning
management system)

Two-Year College
Statistical literacy
Southeast

mostly Black

General education

Sullivan (2014) Fundamentals of
Statistics: Informed Decisions Using Data

Desire2Learn

University (medium-size)
Statistical literacy
Southwest

mostly Hispanic

Pre-service teachers

Utts (2005) Seeing Through
Statistics

Blackboard



LMS screenshot (Desire2lLearn) of
a mini-reading with fun item insert

(half the students were randomized to receive the same reading without the insert)

n

5 My Home  Introduction t...

L4

It’s a Sign: A Connection between Correlation and Slope

The correlation coefficient r tells us something about the strength and linear relationship of a scatterplot of data. By strength,
we mean how tightly the points cluster around the regression line (i.e., the line of best fit). All else being equal, a correlation value
Hof r=0.7 (or r = =0.7) generally indicates a stronger lingar relationship than a value such as r= 0.3 (or r=-0.3).

The direction of the relationship has to do with the sign of r. If r > 0, we have positive correlation, which means higher values
of ¥ are associated with higher values of x, and lower values of Y are associated with lower values of X. In other words, X and Y
9o up and down together. Such a scatterplot would be described best with a line of fit that has a positive slope, and indeed this is
always the case: positive correlation happens when the regression line slope is positive. Likewise, r < 0 means negative
correlation, with X and ¥ moving in opposite directions from each other, thus suggesting a line of fif with a negative slope. Finally,
a scatterplot with no real linear trend at all {i.e., r= 0) would have a line of fit that is horizontal, which means slope of 0. Whether
positive, negative, or zero, the sign of the correlation r is the same as the sign of the slope of the line.

Here are Iyrics to a song (sung to the tune of the familiar folk tune "Twinkle, Twinkle Little Star" that helped you learn the
alphabet) to help you rehearse and permanently acquire this fact in your mind:

Correlation Song (lyric @ 2013 Lawrence M. Lesser)

Are points near a line, or far?
What's the correlation, r?
If the fit supports a line,
Its slope and r would share the sign.
Twinkle, twinkle, you're a star:
Knowing stats will take you farl

Click on this MP3 file (https:/www.causeweb.orglresources/fun/imp3/Correlation Song.mp3) so you can hear this 20-second jingle. Now
play it one more time (and sing alongl).

If data points fit tightly around the line ¥'= 2 — 3.X, we can conclude there is correlation.

A. positive

B. negative

C. zero

D. more information needed




student-randomized experiment gz

(53 from comm. college; 194 from medium-sized university)

Half the students randomized to always have
“fun Inserts (song, cartoon, etc.)” in content
readings accessed via LMS

o All students take exams with 12-14 embedded
multiple-choice items related to the content
readings, such as:

If data points fit tightly around the line ¥ =2 — 3.X, we can conclude there 1s correlation.

A. positive

B. negative

C. zero

D. more mformation needed

o All students asked to take pre/post surveys: attitude & anxiety



% Correct with and without Song Inserts

Without song With Song Difference

Equiprobability bias 40.9% 50.0%

p-value 44.4% 50.0% 5.6%
(2-yr. college)

80% CI on total difference (2.8%, 12.6%) p-value = @




findings of experiment

(see July 2016 Journal of Statistics Education)

e Learning: embedded questions on items related to
songs were answered correctly 50.0% of the time by
experimental group (n = 80) and 42.3% by control
group (n = 88); 2-tailed p = .04

o Attitudes (*post-SATS): Little/no difference between
experimental (n = 44) and control (n = 44) groups, not
surprising since attitudes are more stable than anxiety

* Anxiety (*post-SAM): no significant difference between
experimental (n = 53) and control (n = 59) for the small
sample sizes, but trending towards positive effect

*= not enough students took pre AND post
to test pre-post differences with adequate power



part of our larger ongoing efforts...

http://www.math.utep.edu/Faculty/lesser/Fun.html

Nov. 2008 J. of Statistics Education: review paper of 20 modalities of
fun (e.g., humor, songs, games, cartoons) in statistics education

March 2013 J. of Statistics Education: survey of 249 statistics
Instructors on hesitations and motivations for using fun

Spring 2014 J. of Mathematics and the Arts: rationale, strategies, and
resources for using lyrics in mathematics/statistics class

June 2015 Transformative Dialogues: case study of an instructor’s
use of fun (including song) in statistics

July 2016 J. of Statistics Education: randomized experiment on fun
Inserts (e.g., songs or cartoons) into intro statistics readings in LMS

June 2016: To Improve the Academy: survey on use of song Iin
educational development


http://www.math.utep.edu/Faculty/lesser/Fun.html
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