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Beyond the Web: Excavating the Real World Via Mosaic

THE MERCURY PROJECT.

Ken Goldberg, Assistant Professor, Computer Science

Michael Mascha, Assistant Professor, Anthropology and

Steven Gentner, M. 5. Candidate, Computer Science

Juergen Rossman, Graduate Student, University of Dortmund, Germany
Nick Rothenberg, PhD Candidate, Visual Anthropology

Carl Sutter, Sentor Programmer/Analyst, Center for Scholarly Technology
Jeff Wiegley, PhD Candidate, Computer Science

University of Souther California. Los Angeles, CA.
(To appear in the Second International WWW Conference, Chicago, IL, Oct 17-21, 1994.)

Abstract

This paper describes a Mosaic server that allows users to “leave the Web" and interact with the real world. An
interdisciplinary team of anthropologists, computer scientists and electrical engineers collaborated on the project, desigining
a system which consists of a robot arm fitted with @ CCD camera and a preumatic system. By clicking on an ISMAP control
panel image, the operator of the robot directs the camera to move vertically or horizontally in order to obiain a desired
position and image. The robot is located over a dry-earth surface allowing users to direct short bursts of compressed air onto
the surface using the preumatic system. Thus robot operators can “excavaite regions within the environment by positioning
the arm, delivering a burst of air, and viewing the image of the newly cleared region. This paper describes the system in
deitail, addressing critical issues such as robot interface, security measures, user authentication, and interface design. We see
this project as a feasibility study for a broad range of WWW applications.

Goals of the Project

VWWW and Mosaic[1]-like servers provide a multi-media interface that spans all major platforms. Thousands of sites have been set up
in the past year. Our goal with this project was to provide public access to a teleoperated robot, thus allowing users to reach beyond
the digital boundaries of the WWWW.

Such a system should be robust as it must operate 24 hours a day and it should be low in cost (we had an extremely limited budget). It
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William Edwards Deming
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Quiality circle
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Online Experiments

50%
100% — °

Version A

( Control )

traffic — —
* 50% | VersionB | (Challenger )
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“Our success at Amazon
is a function of

how many experiments

we do per year, per month, per

week, per day...”

Jeff Bezos, CEO Amazon
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A/B testing I 67 %
Customer journey analysis GGG 58 %
Copy optimization G 54,
Online surveys / customer feedback NN 50%
Competitor benchmarking I 37%
Segmentation G 36% Up from 32%
Abandonment email IEEEEEG—G—— 35% 5 years ago
Cart abandonment analysis NG 357
Usability testing I 34%
Event-triggered / behavioural email I 33%
Multivariate testing I 30 %
Website personalization I 257,
Expert usability reviews I 21%
Other M 3%
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A/B testing MmMM——— 78%
Customer journey analysis I 67 %
Copy optimization I 64%
Event-triggered / behavioural email I 58%
Online surveys / customer feedback I 57 %
Segmentation I 56 %
Website personalization I 56%
Usability testing I 54 %
Multivariate testing I 52%
Competitor benchmarking I 47 %
Abandonment email NN 47 %
Cart abandonment analysis I 47%
Expert usability reviews I 35%
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A/B-testing is

HOT
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Sales Average number of tests

each month
Large increase 6.45
Small increase 4.71
No change 1.63
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Never satisfied with conversion rates

45% 41%

40% 37% 360
34%
35% 32% 32%310,
30% 26% 26% oD% 28%
24 25%
25% 21% 2%
20%
1 5°/° 1 1 0/1 2°/°
10°/° 9°/° 9°/° 80/°
3% /0% 1% 1% 2% oo, I I I

Very satisfied / Quite satisfied Neither satisfied Quite Very dissatisfied
nor dissatisfied  dissatisfied
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Start testing or test more

100% —— 50%  Version A  ( Control)

traffic :
* 50% ;

B ( Challenger )

|
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Growth problems will disappear...

NO
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A/B-testing is not a solution

It’'s a methodology
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It’s part of a:

Continuous
Optimization
Program
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Quiality circle
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This is how Deming used it

Time

Quality
Improvement
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De gemiddelde mens slaapt 8 uur per nacht en minimaal 10 jaar op deze iedikant.

Voor een perfecte nachtrust betaalt u omgerekend voor dit ledikant slechts:
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m Zakelijk

:I: T Mobiel Thuis Service
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Experiments with significant insights

36,00%
32,00%
28,00%
24.00%
20,00%
16,00%
12,00%

8.00%

4.00%

0.00%

months
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“If you double the number of

experiments you do per year
you’re going to double your
inventiveness”

Jeff Bezos, CEO Amazon
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Phase 3
Re-think & Modify

Phase 2
Duplicate

Gain >

Time Span

Phase 1
Discover

< Loss
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Phase 3
Re-think & Modify

Phase 2
Duplicate

Gain >

Time Span

Phase 1
Discover

< Loss
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fish which eats the
e slow fish”

Klaus Schwab

-
Founder and Executive Chairman
World Economic Forum
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Team 5

| @ Ton.Wesseling@onlinedialogue.nl Online Dialogue NIO SUMMIT



a8

www.Radloaon.comll’o.lll

Srockyurds!

Walceme to the Fotl worth
-
"? ‘ oy

T
Mv

.v
&'.‘E

. | —
I

L -

&
'
— ¥



O Ton.Wesseling




How many
online experiments

are you running

per year?
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When should you run how many
online experiments

and what kind of experiments
do you need to run?
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the

ROA

model

|
=
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Optimization phases - ROAR
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Time span
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Optimization phases - ROAR

Conversions per month

i

Time span
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Optimization phases - ROAR

Conversions per month

i

Time span
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Optimization phases - ROAR

Risk

Conversions per month

i

Time span
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Optimization phases - ROAR

Risk

Conversions per month

+ Optimization

v v

Time span
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Optimization phases - ROAR

Risk

Conversions per month

+ Optimization

+ Automation

v v

Time span
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Optimization phases - ROAR

Risk + Optimization + Automation Re-think
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OAR

Optimization phases - R

Risk + Optimization + Automation Re-think

1.000 conversions
per month

¥
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¥

Optimization phases - ROARK

Risk + Optimization + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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A Potential Lifetime Value 4
A ciicks 4
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Optimization phases - ROARK

Risk + Optimization + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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‘Statistical power is the likelihood that an
experiment will detect an effect when there is an

effect there to be detected’.

Depends on:
e Sample size
» FEffect size

« Significance level
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Reality
True False

@ Ton.Wesseling@onlinedialogue.nl Online Dialogue NI@ SEMMIT



Reality
True False

Measured /
Perceived
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Reality
True False

True

Measured /
Perceived
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Reality
True False

=
e
®

Measured /
Perceived
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Reality
True False

=
e
®

False

Measured /
Perceived
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Reality
True False

=
e
®

False

Measured /
Perceived
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Reality
True False

Typel
False Positive

=
e
®

Measured /
Perceived

False
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Reality
True False

Typel
False Positive

=
e
®

Type ll
False Negative

Measured /
Perceived

False
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Type I error Type II error
(false positive) (false negative)

You're not
~ |_pregnant |

You're
pregnant

\\)p

-.— “..,"-.-w-.-.--——w vo— -~
.
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‘Statistical power is the likelihood that an
experiment will detect an effect when there is an

effect there to be detected’.

Depends on:
e Sample size
» FEffect size

« Significance level
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Start calculating

@ AB Testguide

Unique visitors expected per
variation

10000

Number of expected conversions
Control

1000

Expected uplift (%)

5

Apply Changes

abtestguide.com/calc
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Start calculating

AB Testguide

Unique visitors expected per
variation

10000

Number of expected conversions
Control

1000

Expected uplift (%)

5

Power: 64,7%

abtestguide.com/calc

p-value = 12.2% (1-sided)

Relative improvement conversion rate variant (B) over control (A): 5%

O Power (1 -beta)

Power: 64.69 %
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Optimization phases - ROARK

Risk + Optimization + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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4 4

Optimization phases - ROARK

Risk + Optimization + Automation Re-think

15% impact
needed

1.000 conversions
per month

5% impact
needed

10.000 conversions
per month
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ANALYZE

,C

CREATE
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Customer Behaviour Study

Voice Verified Verified Value
(18t party) (2n party)

Web Analytics Customer Service Previous tests Scientific research Mission
Heatmaps Surveys Competitors Vision
Recordings Online Chat Strategy

Market data Feedback tools Goals

User research
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Set up concrete hypothesis
PSY} (DATA

If | APPLY THIS , then THIS BEHAVORIAL CHANGE

will happen, (among THIS GROUP ) <™

because of | THIS REASON

T psy
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Challenge each

nypothesis

Hypothesis Potential Strength
Psychological Verified is
determinant Hypothesis View Voice (previous tests) Verified (science) Value  Strel
- Lower cognitive load will increase : x ~ . atn
Cognitive Ease N e High Low 2 Low High 140
Self Efficacy ~ igner self-efficacy will increase v T Medium 1 Hgh  High 140
conversion
Feed forward increases certainty X ¥
Feed forward and thereby conversion Low Low 0 Low Low 40
3 Giving small rewards throughout : Y 5 = :
Reinforcement - Ditins chdases comversiin High Medium 6 Low Medium 21,0
Informational Social ~ The implicit presence of others : ¥ v : AR
ST High Low 0 Low High 10,0

will increase conversion
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A Potential Lifetime Value 4
A ciicks 4
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Yes, I’ve got those 1000+ conversions

Risk + Optimization + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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With 1000+ conversions a month

Your test capacity is max.

20+ tests a year

with a statistical power of 80%
on predicted uplifts of 15%
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What to test? High impact!

Levertijd: 4 weken €

IN WINKELWAGEN

Delivery —test with
in stock. 4 weeks
or 2 days?

@® Ton.Wesseling@onlinedialogue.nl Online Dialogue NIO SUMMIT



What to test? High impact!

Prijsopbouw prijs aantal Totaal
Kamer (23 apr) €90,00 1 € 90,00
Servicekosten € 10,00 1 € 10,00
Totaal € 100,00

Service charge, do
it or not? Include in
price or not?

(@ Ton.Wesseling@onlinedialogue.nl
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What to test? High impact!

Voor jou geselecteerde hotels Voor jou geselecteerde hotels
alle aanbiedingen zijn per kamer per nacht op basis van 2 personen per kamer alle aanbledingen zijn per kamer per nacht op basis van 2 personen per kamer

LA A A
Van der Valk Hotel Eindhoven Erg goed

€60 ::..."‘"‘c..:'

blooming hotel Erg goed
Sore ut 1918 toviews

€60'»§:ﬂ£?

PER KAMER PER KAMER
PER NACHT PER NACHT
Ex & Ex penen

LA A
Kontakt dor Erg goed m
Nederland, Soesterberg ;

€60 2232“.;7

Husa President Park Hampshire Hotel - Mijdrecht
Beigié, Brussel Nederiand, Midrecht

€6 = | |€B0== || €60

R
art hotel Spaander Erg goed m
Nederand, Volendam

€60 ::&‘S:‘

| Bekijk dit hotel Bekijk dit hotel
S—— . |
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ROAR — Optimization — moving up

Risk + Optimization + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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31 6 5) 1) 7

‘ \ THE WHEEL OF ; ;
‘. PERSUASION Customer Dialogue Environment You Offer About
| by BART SCHUTZ

) 3
THE WHEEL OF PERSUASION

» but don't click here «

v

‘Latest online Persuasion Techniques’ Search ..
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Tests that can be done

BB Stel zelf je abonnement samen

Hoeveel wil je internetten?

500 MB

150 minuten

100 sms

Per maand €13,50
Eenmalig €0,00
Aansluitkosten €14,95

Tot 15 Mbis Tot 15 Mbis Tot 15 Mbis %
OMB  250MB | 500MB | 1GB &
24 mnd €600 24 mnd €8.00 24 mnd €4200
€0,00 €5,50 €7,00 €9,50 Meer data >
Ben ik klaar voor 4GMAX? > Hoeveel MBs heb ik nodig? >
Hoeveel minuten wil je bellen?
v
50 150 300 500 Q;
24 mnd €560 24 mnd €60 24 mnd €9:60 24 mnd €43:66
€4,50 €5,50 €6,50 €12,50 Meer bellen >
Hoeveel wil je sms'en?
v
0 100 Onbeperkt @
€0,00 €1,00 €3,00 Meer sms >
® Ton.Wesseling@oniinedialogue.n Online Dialogue NIO SUMMIT




Tests that can be done

Hoeveel wil je internetten?

Ben ik klaar voor 4GMAX? >
Hoeveel MBs heb ik nodig? >

Hoeveel minuten wil je bellen?

Hoeveel wil je sms'en?

BB Stel zelf je abonnement samen

500 MB (snelheid 15Mbl/s) € 7/mnd

150 minuten € 5,50/mnd

100 sms € 1,00/mnd

<

<

500 MB

150 minuten

100 sms

Per maand € 13,50
Eenmalig €0,00
Aansluitkosten € 14,95

Naar bestellen
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Tests that can be done

Hoeveel wil je internetten?

Ben ik klaar voor 4GMAX? >
Hoeveel MBs heb ik nodig? >

Hoeveel minuten wil je bellen?

Hoeveel wil je sms'en?

Stel zelf je abonnement samen

500 MB (snelheid 15Mbl/s) €7 /mnd

150 minuten € 5,50 /mnd
100 sms €1,00 /mnd

0 sms € 0,00 /mnd
100 sms {b € 1,00 /mnd
onbeperkt € 3,00 /mnd
Meer SMS >

<“»

<“»

<“»

500 MB

150 minuten

100 sms

Per maand € 13,50
Eenmalig €0,00
Aansluitkosten €14,95

Naar bestellen

@ Ton.Wesseling@onlinedialogue.nl
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Tests that can

(ONRAD

Alle categorieén

be done

Home > Hobby > Camping & outdoor > Action cam, Wildcamera en Sport Camera's

Hobby

v Camping & outdoor (1930)

Action cam, Wildcamera en Sport

Camera's (139)

Verfijn je selectie

Prijs

Rollei Actioncam (12)
Denver (9)
Dorr Foto (7)
GoPro (7)
Sony (7)
Lees meer v

Beoordeeld

ek Kk 4 of hoger (17)
Yok 3 of hoger (24)
ek ek 2 of hoger (28)

Action cam, Wild

en Sport C 's

1-24 van 139 resultaten

Sorteerop | Relevantie

Denver AC-5000W Actioncam

DENVER  #xwns o

Op voorraad

,’ Zet op mijn verlanglijst

12mp hunting camera Wildcamera 406118
Fokkokok (3)

Op voorraad

A Zet op mijn verlanglijst

GoPro Hero Actioncam CHDHA-301

GoPro kKA (1)

Op voorraad

,’ Zet op mijn verlanglijst

Direct ice | ie & tips.
@® Aanmelden Mijn Winkel-
@5 Mijn Conrad nt v ’ E’ 0 v i \gwmmv
«vorige | 123 .,..6 | volgende »
v Producten per pagina 24 v

€ 64,99

incl. BTW, excl. verzendkosten

1 stukis) "\ Bestel nu

€ 159,00

incl, BTW, excl. verzendkosten

1 stuk(s) .w Bestel nu

€135,0

incl. BTW, excl. verzendkoste!

1 stukis) "\ Bestel nu

(@ Ton.Wesseling@onlinedialogue.nl
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Tests that can

be done

eedback

WEEKACTS Diroct ! | & tps
EEXACTIE
-
C)NMD Tihoisklode @ Aanmelden N5 | Winkol-
A% Mijn C d: it v ) v wagen (0) v
Zook:
Alle categorieén v l 2l
Home > Hobby > Camping & outdoor > Action cam, Wildcamera en Sport Camera's
Hobby Action cam, Wildcamera en Sport Camera's
«vorige | 123...6 | volgende »
v Camping & outdoor (1930)
1-24 van 139 resultaten Sorteer op | Relevantie v Producten per pagina 24 v
Action cam, Wildcamera en Sport
Camera's (139)
Denver AC-5000W Actioncam € 64’99
V“m" Ju seluckiv incl. BTW, excl. verzendkosten
DENVER  #wsns
Prijs A
Op voorraad
van 25 tot 4449
1 tuk| Bestel nu
A Zet op mijn verlanglijst iy .w
Merk . 12mp hunting camera Wildcamera 406118 € 1 59'00
Rollel Actioncam (12) ek Ak () incl. BTW, excl. verzendkosten
Denver (9)
Dérr Foto
@ Op voorraad
GoPro (7)
1 tuk| Bestel nu
Sony (7) M Zet op mijn verlanglijst wukn w
Lees meer v
Beoordeeld A GoPro Hero Actioncam CHDHA-301 € 135'0
incl. BTW, excl. verzendko:
Fedede Kok 4 of hoger (17) 9,‘.9-]:-;0 ek A Aok (1)
YA 3 of hoger (24)
e 2 of hoger (28)
A A 1 of hoger (31) b i
1 tuk| Bestel nu
“ A Zetop mijn verlanglijst Akle) w
Categorie A
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ROAR — Optimization — moving up

Risk + Optimization + Automation Re-think

1.000 conversions
per month

(@ Ton.Wesseling@onlinedialogue.nl Online Dialogue



Now you’re testing

On your way to
4 tests a week

Max capacity with 1 teammember on each discipline: analyst, ux, developer, psychologyst
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ROAR — Optimization — moving up

Risk + Optimization + Automation Re-think

1.000 conversions
per month

(@ Ton.Wesseling@onlinedialogue.nl Online Dialogue



Test bandwidth

maximum number of

experiments per year

that your site or app
can handle
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Regret

amount of Money
you are l0SINg per year by
not using your full test capacity
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ROAR - Automation

Risk + Optimization + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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ROAR - Automation

Risk + Optimisation + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month

(@ Ton.Wesseling@onlinedialogue.nl Online Dialogue



ROAR - You don’t stop optimising

Risk + Optimisation + Automation Re-think

1.000 conversions
per month

10.000 conversions
per month
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ROAR - Re-think

Risk + Optimisation + Automation

1.000 conversions
per month

10.000 conversions
per month
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Prioritize, manage and learn
Effective Experiments Features Compare ~ For Teams For Agencies Blog Login

< Back to all projects A i Manuel

UPDATE STATUS

® Recent Activity niupdates | [¥)

Experiment Progress
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THE KNOWLEDGE CENTER
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CRO brings user knowledge

AANDEEL VAN KOPERS

Maar liefst 45% geeft aan sen product 12 hetben
DSkocht dat een ander gast oshruken

mw«u-mmm

tiiidiiiiitiititiint
titiiitiidiitiitiiee
thitibidiitieed

m&v«-mwmm

febttitbitididtaiied
thitidtttitiiditeent
titit

45% van o2 an 0 ¢ ace,

AANKOOP TYPE PRODUCTEN

Er 18 gen groot verschil 18 2en in 68 typen praducian oie coor 38
wee dosigrospen worsen geocht

*FO”Y& Net-forme
COE—

Inzichten gedrag / For-Me vs Not-for-Me

PRIJSBEWUST

Als gabnikers een basteling pieatsen voor 2ichzel dan gt os
gem. omervaande 81% hoger can dat er een besleling voor
een ander wordt gedaan

In G2 belangrists productcagornia voor de Not-for-Ms doel
groap - Matrassen - valt op dat de meeste marassen voor
Ceze 0oelgroap worden verkocht in da prijscategoeris €0- €300
Tervdl voor de For-Ve kopers 02 measts bestalingen wordén
@adaan in de priscalegore > €200

Notfor-me €0 - €100  ror-me > €200

Over het algemeen kopen mensen voor een
ander goedkopere producten dan voor zichzelf,

*Feum

6 Netforme

- Gemek van onine bestelien

Aanbevolen docr vienden of Consumententond
- Eervere goeds envaring b Bater Bed

Hesht aen gosda nasm an & betrouwoaz

SITE STATISTIEKEN

Far-ma kopers bewjen gemiodek meer prooucipacing's. Overge
o twee dosiroepsn Is een verschl n sessisliden en aantal bekaken pegings.

verschillen tussen

Bezoeken gem. Gem. sessietijd Bezoeken gem.,
4,1 productpagina’s 23 minuten 26,2 pagina's
3,5 productpagina's 21 minuten 25,4 pagina's
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Customer knowledge center

Making money from conversion improvements

Creating more and more customer insights
Which can be monetized
on even a larger scale
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Online Experiments

50%
100% — °

Version A

( Control )

traffic — —
* 50% | VersionB | (Challenger )
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Test bandwidth

maximum number of

experiments per year

that your site or app
can handle
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Ton Wesseling

DATA DRIVEN OPTIMIZATION

What to do when you are:
Small, Big or Really Big

<.’ Online Dialogue
Evidence based growth
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What to do when you are:
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