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U.S. BUREAU OF LABOR STATISTICS

Software developers

Employment| Mean hourly Mean annual
Employment (1) RSE (3) wage wage (2) Wage RSE (3)
302,150 1.4 % $39.75 $82,690 1.3 %
Sales managers
Employment | Mean hourly Mean annual
Employment (1) RSE (3) wage wage (2) Wage RSE (3)
358,920 0.6 % $60.60 $126,040 0.3 %
Marketing managers
Employment | Mean hourly Mean annual
Employment (1) RSE (3) wage wage (2) Wage RSE (3)
184,490 0.9 % $66.06 $137,400 0.5 %










MARKET RESEARCH
QUESTIONS

What /&/‘ﬂﬁ/{fﬂ/«& ﬂ[f
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InterPoll 101

/

We wan

t to give

access to polls and
survey to the regular
developer.

)

0w =N O ¢ = W N =

var people = new MTuerueryS@Person>(true, 5, 100, 2);
var liberalArtsPairs = from person in people
where person.Employment == Employment. STUDENT
select new {

Person = person, T~
Value = person.PoseQuestion<bool>(

Are you a liberal arts major?"”)
BN

' We want to make N
access to human-
generated data as
edasy as access to

\qre liberal arts mqiors/

\
This is a LINQ query

for asking college
students whether they

databases. Y,




SIMPLE LINQ QUERIES

var femaleHeight = from person in people where person.Gender ==
Gender.FEMALE select person.PoseQuestion<int>("What is your height?");

var maleHeight = from person in people where person.Gender ==
Gender.MALE select person.PoseQuestion<int>("What is your height?");

if (maleHeight.ToRandomVariable() > femaleHeight.ToRandomVariable()) {
Console.WritelLine(

"Males are taller that females, according to a t-test.");




| OUR FOCUS IS ON AN END-TO-END PROCESS

Y- =1 Teees
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SAMPLE SURVEYS

5111’\'211

What is currently preventing
O Time Available

O Desire and Motivation
O Weather

O Laws of '['herw.oc[qnmn
O Physical T:'isabili-ﬁq

Survey
What has happened £o the U<
Q Smaller
O Larger
O Same as it was a year

511W€1|

Do you shop locally?

O Always

QO Never

O Once in a while

O Usually

O About half the fime

Do you make of least one purchase a dm.| af chain stor

OYes
O No

Do you shop af local stores daily?
O Yes
O No

Do you consider t{aurﬁei—[: tobea 5uPForﬁar of small b

O Yes
O No

07| Amazon Mechanical TurkR.. %

Sort by: |Creation Date (newest first) V| @

Show all details

Hide all details

Page 10f5 > Next

& N
Hei cm
Requester: Ben Livshits Assignments Pending Review: 200 Review submissions
HIT Expiration Date: Mar 3 2014, 09:46 PM PST Reviewed Assignments 0
Reward $0.10 Remaining Assignments: 0 Add assignments
Assignments Reguested 200 Remaining Time: 2days 7 hours Add fime
X
Ve
Employment with gender
Requester: Ben Livshits Assignmenis Pending Review: 10 Review submissions
HIT Expiration Date: Mar 3 2014, 09:10 PM PST Reviewed Assignments: 0
Reward: $0.10 Remaining Assignments: 0 Add assignments
Assignments Requested 10 Remaining Time: 2 days 6 hours Add time
4
% N
Heiaht survey Delete this HIT
Requesier. Ben Livshits Assignments Pending Review: 0
HIT Expiration Date: Feb 28 2014, 09:39 PM PST Reviewed Assignments: 85 Download resufis
Reward: $0.10 Remaining Assignments: 15
Assignments Requested:. 200 Remaining Time: Expired Add time
J
e
Employment survey Delete this HlTw
Requester: Ben Livshits Assignments Pending Review. 0
HIT Expiration Date Mar 3 2014, 01:56 PM PST Reviewed Assignments 10 Download results
Reward: $0.10 Remaining Assignmenis: 0 Add assignments
Assignmenis Requested 10 Remaining Time: 1day 23 hours Add time
S~
Requester: Ben Livshits Assignments Pending Review: 0
HIT Expiration Date Feb 16 2014, 12:53 PM PST Reviewed Assignments 1000 Downioad resulis
Reward: $0.10 Remaining Assignments: 0
Assignments Requested 1000 Remaining Time: Expired Add time
@ &
Professional photography survey Delele this Hrq
Requester: Ben Livshits Assignments Pending Review. 0
HIT Expiration Date. Feb 16 2014, 12:14 PM PST Reviewed Assignments 50 Download resulis




IS THIS NOT A SOLVED PROBLEM?

Analyze your survey
results on the go.

Create surveys
anywhere, anytime.

eseen T 4:21 PM 1 100% . seeen T 4:21 PM L 100% ..
4 Edit 4 e 4 Analyze e
*al Add Logo SHOWING: 312 of 312 Responses

1. How well did the customer service

Customer Feedback Survey agent answer your questions?

1. How well did the customer service
agent answer your questions?

Extremely well
Very well
Moderately well
Slightly well

Not at all well

-+~ Add Question
Extremely well 18% 56

| Add Page
Very well 35% 110

Track your results
in real-time.

sesen T 4:21 PM L 100% .

»

< Customer Feedback S...

slZ2 288

Total Completed
Responses Responses

Completed Responses 288

* SurveyMonkey

11



MOVING AWAY FROM SMALL AND
UNREPRESENTATIVE SAMPLES

How many participants should | get
for an eye tracking study?

42.

“Experimental psychology is
the study of the college sophomore”

Quinn McNemar, 1946




KEY FEATURES OF INTERPOLL

Programmable: integrates human and machine
computation

Gets results cheaper; only as many samples as are
needed are obtained (power analysis)

Results are representative (unbiasinging)



OUTLINE

1) Power analysis
2) Unbiasing

3) Optimizations

14



POWER ANALYSIS

Determine the number of samples for a query

We can sample from the crowd sequentially until we satisfy or disprove our
hypothesis.

We will poll the crowd for more until our stopping criterion is reached.

The sopping criterion allows us to conclude that he hypothesis can be proven or
disproven with the required level of confidence.

15



EXAMPLE QUESTION: HEIGHT

GetPeople(GetDescription(), 2ee, lse lse); N_29

person in people

select new

{ [ )
Height = person.PoseQuestion<int> Once we remove lI'I‘]e OUII'IIerS

"What is your height, in centimeter
"(if you know your height in inches, you
"centemeters using a calculator here: h

"Please be careful when typing in your . . heighf — from person in heighf
: where

Gender = person.Gender,
Ethnicity = person.Ethnicity,

where

from person in height

person.Gender == Gender.MALE o _
person.Height person.Height >=140 &&

person in height
> person.Gender == Gender.FEMALE

person.Height; peI‘SOh.Heighf <:220)

e) > females.ToRandomVariable(false))




CONVERGENCE CURVES: SEQUENTIAL PROBABILITY RATIO TEST
(SPRT) OR WALD, 1945

o
Sequential probability ratio test: To implement = TRy
this, we build a sequential acceptance plan. Let Hj :
p+eand Hy : p— € where p= 0.5 by defautand S WY
can be overloaded by a programmer. Uncertain(T) v ' ¢ :
calculates the cumulative log-likelihood ratio for each =O=~Milennials
sample: MarginalPower
03 -O=BreakUpBigBanks
Ap = klog(Ha/Hy) + (n = k) log(Ho/H.1) i
where n is the number of samples taken thus far and a5 ’
k is the number of successes out of those n trials. If
< - = R A
Ay < log(alpha/(1 — alpha)) a = t%ﬂ%% .
then Uncertain(T) evaluates the conditional as false Yha B 89, -3.003607796
while if g
25
Ar > log((1 — alpha)/alpha) =] hﬂ%
the conditional is true. .

1 35 7 911131517192123252729313335373941434547495153555759616365676971 737577 7981831858789



DEBATES: INTELLIGENCE SQUARED

MILLENNIALS DON'T STAND A CHANCE

THE PANEL

RESULTS

Task Outcome Power Cost
MilennialsDontStandAChance No 37 $3.70
MinimumWage No 43 $4.30
RichAreTaxedEnough No 51 $5.10
EndOfLife No 53 $5.30
BreakUpTheBigBanks Yes 73 $7.30
StrongDollar No 85 $8.50
MarginalPower No 89 $8.90
GeneticallyEngineeredBabies Yes 135 $13.50
AffirmativeActionOnCampus Yes 243 $24.30
ObesitylsGovernmentBusiness No 265 $26.50

18



DOES MONEY BUY HAPPINESS
(OR AT LEST TRANQUILITY)?

o o score: Are rich more anxious than
person. Income == Income ME_35_008_T0_49_999 || pOOI‘2

person.Income == Income VER ||
person.Income == Income.
person.Anxiety;

person scores N — 105

person.Income = come.INCOME_1 TO 4 990 ||
person.Income == come.INCOME_16_000_T0_14_999 ||

expected value for poor=8.5714,

person.Income come . INCOME_15_@08_T0_24_999

Reraon Ariciaty: expected value for rich=7.9619
(rich.ToRandomVariable(false) < poor.ToRandomVariable(false

ole. WritelLine("Ric!

Console.WriteLine("Rich are more anxious t
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TAXATION, BY GENDER AND INCOME

ONo BRich are taxed enough ONo HRich are taxed enough
N | ]
2 3
3 2
25 <
20
15
10
< 5 a a a a Q Q <
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5 NI S RS A A
O 00« 0,\o 0,\o 0,\o 0,\o 0,\o oF
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PRIORS FOR THE CROWD

Instant.ly crowd US census
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THE UNBIAS OPERATOR

photoAttitudes person people

Used = person.PoseQuestion< >
"Have you ever hired a professional
WorthIt = person.PoseQuestion< >(
"Do you Teel the money you spent was
Quality = person.PoseQuestion(
"How would you rate the qualltn of the pictures
"\u2685", "\u2685\u2685", "\u2605\u2685\u2685",
HowLikely = person.PoseQuestion(
"How likely are you tc
"Very likely", "Somew
WhatDidYouEnjoy = pers mturk = MTurkPriors.DefaultPriors;

"What did you most en census = CSPSlicedPriors.DefaultPriors;

(

photograpt

worth the

ectedAttitudes = Unbiasing.Unbias(photoAttitudes,
.HowLikely,
.Gender, mturk, census);




UNBIASING RESULTS

0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000

B Biased response

]
I'm not sure

Somewhat likely

O Unbiased response

Somewhat unlikely

Very likely

Very unlikely

13



FINANCIAL OPTIMIZATIONS

PL optimizations
Maybe 10% of the runtime
Maybe milliseconds

Even that is difficult and
unpredictable

InterPoll optimizations
Saving hundreds of dollars

Waiting hours and days (or
weeks) less

Replacing tedious and
expensive manual polling effort
with large-scale automation

24



| WHY OPTIMIZE INTERPOLL QUERIES AND HOW?..

error
rate



WHY OPTIMIZE: COST

P
[t-geokas] Quick Poll: Are you optimistic about the ecanomy right now?

Requester: Research Project Assignments Pending Review: 0

HIT Expiration Date: Oct16 2014, 09:43 AMPDT Reviewed Assignments: 22 Download results

Reward: $0.10 Remaining Assignments: 88 Add assignments

Assignments Requested: 5310 Remaining Time: days 21 hours Addtime | Expire this HIT early
Description: Quick Poll: Are you optimistic about the economy right now?

Keywords: survey,poll, demographics

Quick Poll: Are you optimistic about the economy right now?
Yes
Mo

\, /

/ /
5,288 workers * 10¢ reward

$528




QUERY YIELD

27

var females = from person in populationl
where person.Gender == Gender.FEMALE
select person.Employment;

var males = from person in population2
where person.Gender == Gender.MALE
select person.Employment;




DEPENDS ON THE QUERY: SOME FILTERS
HAVE LOW YIELD

T I T TTrrrTrryrTyeY
e s o s o o e o s iidibiibiitiiititeiitiiieiebid
PPPRRODPPD  ssiieiesiiiieisiioisivisiitis
T T T

Y Y

@ *\ 20% or 10% yield is not great... @ How about 1%?2



WHY OPTIMIZE: COST (2)

P

[t-geokas] Quick Poll: Are you optimistic about the ecanomy right now?

Requester:

HIT Expiration Date:

Reward:

Assignments Requested:

Description:

Keywords:

Research Project Assignments Pending Review: 0
Oct 16 2014, 09:43 AM PDT

Remaining Assignments:
Remaining Time:
Quick Poll: Are you optimistic about the economy right now?

survey,poll, demographics

Reviewed Assignments: 22 Download results

dtime | Expire this HIT early

88 Add assignm

5,288 workers * 10¢ reward
at a 10% yield

$5,288

Yes

Mo

Quick Poll: Are you optimistic about the economy right now? /

/

/ /
5,288 workers * 10¢ reward

$528

29



WHY OPTIMIZE: TIME

t-geakas] Quick Poll: Are vou opti

Requester:

HIT Expiration Date:
Reward:

Assignments Requested:
Description:

Keywords:

Resg]
Oct
501
531

Assignments Pending Review:

Reviewed Assignments:
Remaining Assignments:

Remaining Time:

0

22 Download results

5288 Add assignments

4 days 21 hours Addtime |

Expire this HIT early

Yes

Mo

Quick Poll: Are you optimistic about the economy right now?

/

/

assignments to finish!

/

[

At this rate we will have to

wait 10 days for all

30
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TIME SAVINGS FROM REBALANCING OPTIMIZATIONS

22:00
20:00
18:00
16:00
14:00
12:00
10:00
8:00
6:00
4:00
2:00
0:00

—affirmative action

——millennials

—phone record privacy
end-of-life care

—depression and anxiety

20:32 ~21:12
19:40

18:43
18:20

97
100
103
106
109



WHY OPTIMIZE: MARGIN OF ERROR

Unbiasing

eeeeeeeeeeee

SSSSSS

Population

’i“""".""."'i\ /*\ /i\‘l'l“l'l'

unbiasing .
i ®




| PANEL BUILDING

initial

unbiased

Unbiasing increases error rates

33

Would it be possible to automatically
construct a balanced panel?

This is what human polling experts do:
they invite people to participate
depending on which profile is needed




OVERVIEW OF OPTIMIZATIONS IN THIS PROJECT

Static optimizations
1. Flattening of complex LINQ trees
2. Query splitting

3. Common sub-expression elimination

Runtime optimizations

1. Yield: cost

2. Rebalancing: time

3. Panel building: error rates

34



musing

onamespace Microsoft.Research.RiSE.InterPoll

{

= public partial class Runner

{

[TestMethod]
public void EmploymentSurvey() {

}




CONCLUSIONS

InterPoll: a system for large-scale
crowd-sourced polling

Geared toward

“ Developers who want to incorporate human
data into their applications

= But also social scientists
* Marketing professionals

* Campaign pollsters

Have explored power analysis
and are doing experiments
on unbiasing

and various optimizations

36
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BUILDING INTERPOLL APPLICATIONS




SOCIAL SCIENCES

What do you think about
race relations in America
today?

What is the prevalence of
depression in men vs.
women?

What do you think about

How near-sighted . ..
doctor-assisted suicide?

are people over 50

Which video game console Do you itemize your taxes o
do you prefer? Xbox use the standard
One /PS4 /Both/Neither) tax form?

Do you think that affirmative
action as part of college
admission is a good idea?



HEALTHCARE SURVEYS

How many hours of
sleep have you gotten on
average in the past
month?

Do you feel that you
get enough sleep?

How is duration of sleep
correlated with coffee intake]

Are parents satisfied

for college students?
with the amount of sleep

they get?

Are men more satisfied

than women?

For people between

30-45, do they find

medical providers by
word of mouth?

Is Yelp a trusted
source of healthcare
recommendations?

Which is worse for your
health: alcohol, tobacco,
sugar, or marijuana?
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EEH S @ &+ Howlikely2D - Excel PIVOTCHART TOOLS 2 E O X
HOME INSERT PAGE LAY FORMULA DATA REVIEW VIEW LOAD TES TEAM ANALYZE DESIGN FORMAT Ben Li. '“ )

EXPLORING THE DATA =~ "« oo s

1
2 Choose fields 1o add to v
3 Sum of Value Column Labels ¥ report:
4 Response - Biased response Unbiased response Grand Total | Unbiasing Y
5 :I'm not sure 0.1251 0.1237 0.2488 Gender
6 Somewhat likely 0.372 0.3762 0.7482 7| Response
7 Somewhat unlikely 0.1215 0.1244 0.2459 7| Value
8 Very likely 0.3338 0.3364 0.6702
9 Very unlikely 0.0435 0.0428 0.0863
10 Grand Total 0.9959 1.0035 1.9994
i | [N | ‘ ) } o ®)
ge Gender Race Education Income  Employmr Relationst Zip Answer 9 Answer 1(Ans\ A

48 Female Two or mcBachelor's 575,000 ar Worked f 98275 From time Definitely Not 12 L Surn of Vakse

24 Female Black or A Bachelor's $5,000 to ! Worked leNever Mai 60638 Not at all Only a littl Not 13

22 Male White aloirHigh schoc$15,000 tc Worked leMarried, S 81003 From time Hardly at (A litt 14 Unbiasing 'Y fields b bel

31 Male  White aloiBachelor's $35,000 tc Worked fMarried,§ 14226 A lot of th Not quiet Yes, 15 B Diwd wsportse: -8 Uriismand ruspoams Drag AN BOR DU

18 Male White aloiHigh schor$1 to 54 9! Did not wiNever Mai 77388 From time Definitely A lit! 16 3 T EILTERS I LEGEND (SE...

53 Male White aloiSome colle$75,000 arWorked fuMarried, S 90606 A lot of th:Not quiet A litt ~
28 Female Asian alorBachelor's$50,000 tc Worked leNever Mai 98056 From time Not quiet - Yes, 0.35 ‘. 3 = Unbiasing ¥
50 Male White alo1High schot$75,000 ar Worked fuMarried, S 29730 From time Definitely Not 0.3 ] | ﬁ [

22 Female White aloiBachelor's 51 to 54, 9' Worked le Never Mai 6612 From time Not quiet :Yes, 0.25 i:: j {II i

D G S X
O 0o~

28 Male  White aloiBachelor’s 510,000 tc Worked fuNever Mai 95776 A lot of th Hardly at :Very 0.2
33 Female  White alo1Bachelor'sNo IncomiDid not weMarried, § 89012 From time Not quiet (A litt 0.15

a0 Eantatle T an s Cnmes anlli €4 oa €2 A na? wiNavar Ma OIDEA Ermms birma Nas ~iiat NMat 0.1

0.05

NN
- O

it J i fd = s
I l | | AXIS (CATE.. * VALUES
\ = (| |

N
~N

23 0 Response * SumofVa. >
I'mnotsure  Somewhat likely Somewhat Very likely Very unlikely
24 unfikely |
25
Respanse »
26
2 1 y Defer Layout Upda.. UPDATE
« Chart = Howlikely2D ® - K ’ . il




POLITICAL POLLING

In cases of extreme
drought, should farmers
and food producers have
priority when allocating
water?

Should individuals obtain
permission to
photograph every
person in the photos they
take?

Are you in favor or
against raising the

federal minimum wage?

Do you think
Obamacare will make
things better or worse

for you and your
family?

How do you feel
about the direction of
the country?

How did you or will
you pay for higher

education (anything
post-high school)?

Should legalized
recreational marijuana
be required to be sold
with a warning label?



Demo: basic surveys




OTHER INTERFACEY

mE*v R

REVIEW  VIEW

SkiResortMashup v2 - Excel
DESIGN

POWERVIEW | LAYOUT POWER QUERY POWERPIVOT

l||l| \| u l!“““;
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A\ A4

OME  INSERT  PAGELAYOUT  FORMULAS  DATA
< ,}Q Cut () c-) Aa [A]Font ~ :g: - p‘
L'. @ Copy e AITmSiu'

Undo Fedo Th Set Image Transp y

QFJ

d  Filters | Power Text Picture | Arral\ge

@ Background ~ Image ~ Position ~ >

Clipboard Undo/Redo Themes Background Image

Area | View Box
Insert Arrange

Ski Trip Planning

I £gs - P T 1308 NADONN rOrest 1}
Traffic Center =% s

® Truckee " Squaw Valley USA .“,

395 Kange — %
Sugar n - >
@ Ssacramento Ski 3Spri Ol 4 9 @ (::::)l
o stockton df.,.v...,oja Nﬁ, @ b 7

Edn Survey

Jam Session Planning

Let's get together to make some music. Let me knaw whern
you're free and what you play!

What kestrument do you play?

When's best for you?

(+) Add New Questicn

EOIT QUESTION

Quesson

Quetsice Subtitie

Response Type Text

What's yoor name?

Requred v
Defaut Aruwes
Dane Oeletr Guestion |
Share Sarvey Save and View

ento Wider o S et s S
B Voley Mosnian el e e e
" Torgabe National forest Rt
P P —— o —————————
Brdge  Aeine vessows s ves (IS
s ? saquan vasey usa. [ SRR
. ’ . . Emigrant s i
odi ¥ Dodge Ridge Ski Area ), TR0 o e B S0 520 s s S0 $100
Ancwls @ 2RIk © 2913 Micrasot Corporadon . N
rre Information Most Recent Road Conditions
i 3 ki = s T Tratfhic Censer Location Tane Traffic inc Type Lozation Desc.
titrea teoma e Sacramento  Jafferson Bhvd / Babal Slough Rd D315 AM Car Fire NBINO 3/4 MILE
257 1964 Sscramento Main St 0518 AM  Assist with Construction  RIO VISTA PD
o angets Csiom cpmringtess Sacramento Mm30./ Seil Meadow Rd 0302 AM Traffic Hazard we
3 No Sacramento Watt Ave / Don Julio Bivd 0858 PM  SILVER Alent FREEWILL BAPTIST CHURCH
Fr 5 2 Sacramento  Watt Ava / S Watt Ave 0319 PM SILVER Alert WATT AVE IN SACRAMENTO
A | P’ A Stockton 3330 N Ad Art Rd 03:19 M SILVER Alert STOCKTON CHP OFFICE
Alta Sierra at Shirley Meadows. Truckee 10077 Frates n 03:15PM SHVER Alert TRUCKEE CC
joArea Mame
Giosa Truckee 180E /180 E Rainbow RA Ofr 0425 PM CLOSURE of a Road
1982

[0 Badaer Pass Ski Area L

Power View Fields
ACTIVE ALL

»ET FactPricing

> [ Ski Areas

2 TrafficCenters

Drag fields between areas below:
TLE BY

T VALUES
X LiftPrice

AXIS
SkiArea Name

LEGEND

& Trattic Center
VERTICAL MULTIPLES

HORIZONTAL MULTIPLES
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COSTLY... ESPECIALLY AT SCALE

SurveyMonkey Audience pricing

A technology accessory company wants feedback on their latest iPhone case design
They have a 14-guestion survey and would like 200 responses from an audience of
only female iPhone users, delivered on the 2-businsess day schedule.

14 guestion survey

2 specific targeting
options added

2-business day
turnaround

Project cost for 200
responses

$1.50 per response

$1.25 per response (Gender targeting & iPhone
ownership targeting)

$1.00 per response

$750.00 ($3.75 per response)

Instant.ly cost per completed survey

14

12

o

©

Cost per completion, in $

10

20 30
Number of questions asked

40

50

44









