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This Workshop

• Introductions
• Songs and other Fun for Teaching Statistics
• Why SMILES & the SMILES Library 
• Your turn to play
• Critique and Discuss
• Results of Implementations
• The VOICES initiative



Resources & References we sent

• www.CAUSEweb.org/resources/fun
• NSF Showcase video
• 2016 JSE paper on Effectiveness of Song  

www.tandfonline.com/doi/full/10.1080/1069
1898.2016.1190190

• 2017 VOICES presentation at 
www.causeweb.org/voices/2017/panel/1-3

http://www.CAUSEweb.org/resources/fun
http://www.tandfonline.com/doi/full/10.1080/10691898.2016.1190190
http://www.causeweb.org/voices/2017/panel/1-3


causeweb.org
• site launched in 2005 (part of NSF’s National Science Digital Library) 

• Its curated, searchable 724-item fun collection 
includes 145 songs (almost all with soundfiles),     
10 modalities, bibliography, & lesson guidance



Example: if you’re teaching p-value



…and you choose this…



…which has lesson guidance



STEM songs http://singaboutscience.org/



randomized experiment (July 2016 JSE)



diverse settings/populations 
for a statistical literacy course

Two-Year College University (medium-size)
Region of U.S. Southeast Southwest
Student population mostly Black mostly Hispanic

Sample size (n) 53 194

Main audience General education Pre-service teachers
Text Sullivan (2014) Fundamentals 

of Statistics: Informed Decisions 
Using Data

Utts (2005) Seeing Through 
Statistics

LMS (Learning 
Management System)

Desire2Learn Blackboard



student-randomized experiment 

• All students told their exams would have 
(12-14) embedded (MC) items related to online        

(LMS) content readings.

• Half the students randomized to always have 
“fun inserts” (song, cartoon, etc.) in those 
readings



mini-reading with insert 



% Correct   without and with  Song Inserts
Topic Without song

n = 88
With Song
n = 80

Difference

Margin of error:
down with n
down by √n

57.3%
9.1%

61.3%
10.0%

4.0%
0.9%

Standard score 62.5% 75.0% 12.5%

Correlation&slope 60.2% 73.8% 13.6%

Equiprobability bias 40.9% 50.0% 9.1%

Multiplicity 36.1% 37.0% 0.9% 
(medium university)

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

OVERALL 42.3% 50.0% 7.7%
2-tailed p-value ≈ 0.04



we wondered……

why did songs have significant difference 
but not cartoons?

and if it’s because songs are more interactive, 
how could songs get still more interactive?

Note: Active learning is a principle for good practice in undergraduate education (Chickering & Gamson, 
1987); active learning in STEM is supported by meta-analysis of 225 studies (Freeman et al., 2014)



continuum of interactiveness of song 
(see my 2017 VOICES talk:
https://www.causeweb.org/voices/2017/panel/1-3)

For example: having a student…

hear song < 
provide inputs < 
write song

https://www.causeweb.org/voices/2017/panel/1-3


Quick!  Write down:

An exclamation
An adverb
A verb ending in ‘ing’
A plural noun



now read your “Mad Libs result”:

“________!” she said ___________.  This 
[exclamation]                    [adverb]

talk is like_____________       __________!”
[verb ending in ‘ing’]     [plural noun]



a Mad Libs approach…

has been adapted for educational use, 
including in teaching statistics
(e.g., Trumpower, 2010)



process





song topics
• Levels of measurement
• Mean vs. median
• Convenience vs. random 

sampling
• Correlation vs. causation
• Patterns of correlation
• Correlation and slope
• Statistic vs. parameter
• Estimator bias
• Margin of error in poll
• Probability rules
• Effects on width of CI
• Framework of testing Ho

• p-values
• Reporting test conclusion

• Effect of n on significance
• Concepts of regression model
• Observed/fitted/residuals
• 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
• Inferential vs Descriptive



Pre-song prompts

• About 5 per song
• More than a quarter contain hints
• 43% involve free response with synthetic 

voice on playback, the rest are forced-
choice answers highlighted on playback 
but sung with human voice

• 96% require statistical knowledge



Prompts vary in…. 

format
• Drop down from menu 
• Drag-and-drop matching
• Fill-in (numerical)
• Fill-in (words)

Some not revealed before 
previous questions done, 
if that would “give away” 
an answer.

purpose
• Solicit context, example, 

or variable
• Apply procedure
• Make conceptual 

connection
• Connections across 

questions
• Playfulness



Some questions have > 1 
reasonable answer



prompts for “Super Bowl Poll”





open-ended prompts solicit context



Checks on open-ended inputs
• Auto-corrects close spellings & grammar
• Allows British spelling
• Screens for profanity
• Checks if too many syllables
• Check for values out of range (e.g., r > 1) or inconsistent 

with other answer (sign of r & b)
• Accepts synonyms (scatterplot, scattergram, XY plot; normal, 

Gaussian, bell-shaped; bigger, larger, greater)

• Suggestions from 
first letters:



Some reasons for hints:
• not getting an answer could leave a student unduly “stuck” 

from continuing,
• a definition or symbol is used that a student might not know,
• academic wording of a question might not be clear to all,
• a word might be unfamiliar to someone new to the English 

language and/or American society,
• we want to teach the student something along the way by 

giving them a way to deduce the answer rather than 
repeatedly guess, or

• seeing example or visual may help understand a definition



Hints



Hints



Three Songs for You to Try

• Central Limit Theorem
• Correlation Does not Imply Causation
• Super Bowl Poll



Critique and Discuss

• Clarity of Interface (poll)
• Usefulness for Learning (poll)

• Strengths?  Suggestions for Improvement?
• Pedagogical considerations
• Further comments

(Use chat window to enter your comments)



Student Reponses to Likert Items in 
Student Feedback Study



Student Reponses to Likert Items in 
Student Feedback Study



Student Reponses to Likert Items in 
Student Feedback Study



Pre/Post Knowledge
• Question 2 of Levels of Measurement asks 

students to find real examples of 
nominal/ordinal/interval/ratio
34% got this right the first time.

In the follow-up assessment, students were asked 
too identify level of measurement for
allergy rating of pet dog (low, medium, or high); 
weight of pet dog; body temperature of pet dog 
(degrees Centigrade); and breed of pet dog
82% got all four correct 



Pre/Post Knowledge

• Questions 1 and 3 of Height of Confidence asked students 

what happens to CI with a larger n (question 1) and with a 

higher level of confidence (question 3)

64% got question 1 correct on first try

62% got question 3 correct on first try

In the follow-up assessment, students were asked to order 

CIs from widest to narrowest amongst

a. n = 500, with 80% confidence,

b. n = 100, with 99% confidence,

c. n = 500, with 95% confidence, and

d. n = 100, with 95% confidence

62% got this right (b then d then c then a)



Pre/Post Knowledge

• Question 4a and b of Super Bowl Poll asked students 

if n goes up by a factor of 9 then the MOE would go 

(up or down = question 4a) by a factor of (fill in 3)

97% got 4a correct (MOE would decrease) but only 

15% got the factor right on the first try. Note that this 

was after Height of Confidence that might have 

helped with 4a.

In the follow-up assessment, students were asked to 

identify the factor by which MOE would change when 

sample size decreased by a factor of 4. 

• 58% got this correct (bigger MOE by double)



and we’re analyzing results of 
these student-randomized trials

Fall 2017 Spring 2018
2-year college (mostly 
Black)

4 instructors, 12 sections 6 instructors, 15 sections

Research university 1 section (115 students)

Control Group readings only readings only

Treatment Group 1 SMILES platform,
but not readings

SMILES platform, 
but not readings

Treatment Group 2 readings and (noninteractive) 
studio versions of songs



these ideas apply across STEM!

have STEM colleagues browse archived 2017 VOICES meeting 
and save the date for Sept. 26-27, 2018!

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

causeweb.org/voices/

https://www.causeweb.org/voices/


Stay in Touch!

Contact us at smiles@causeweb.org

• The SMILES library is free to use (register to 
see assessments)

• Free registration to VOICES for SMILES 
workshop participants  (email at address you 
used to register for eCOTS will come to you 
about this)

mailto:smiles@causeweb.org

