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THE LARGEST SYSTEMATIC STUDY OF

Mobile Site Speed and the
Impact on E-Commerce
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We bring performance research to practice.
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How Do m Perceive

Web Performance?



user

Gender @ Region

Young women are Speed influences New

less likely to buy on Yorkers more than

slow pages Californians
Nationality Age

Japanese have the 18-to-24-year olds tend

highest expectations to be more demanding

Think Fast, The 2019 Page Speed Report Brain Food, Speed Matters, Designing m Performance Matters, 9 Key
Stats & Trends for Marketers, Unbounce, 2019. for Mobile Performance, Google, 2017. Consumer Insights, Akamai, 2014



https://unbounce.com/page-speed-report/
https://unbounce.com/page-speed-report/
https://drive.google.com/file/d/13ALqHsUod3FJlX5j5PCGWfnKgj2eqez9/view
https://drive.google.com/file/d/1-_Hv-LC_8q9hi8oNJQtPGF5BRQh-v_Ss/view

»IVVile-3Distribution

BERE= iOS vs. Android Purchases
- iOS users are more Mobile users buy more
demanding frequently than

desktop users

Market Share W Comparing

iOS dominant in US/UK, Mobile is also preferred
Android in other markets for comparing products

Android v iOS market share 2019

Think Fast, The 2019 Page Speed Report Brain Food, Speed Matters, Designing m Performance Matters, 9 Key
Stats & Trends for Marketers, Unbounce, 2019. for Mobile Performance, Google, 2017. Consumer Insights, Akamai, 2014 m Q2, DeviceAtlas, 2019



https://unbounce.com/page-speed-report/
https://unbounce.com/page-speed-report/
https://drive.google.com/file/d/13ALqHsUod3FJlX5j5PCGWfnKgj2eqez9/view
https://drive.google.com/file/d/1-_Hv-LC_8q9hi8oNJQtPGF5BRQh-v_Ss/view
https://deviceatlas.com/blog/android-v-ios-market-share

o] g 102) ¢d Matters

% Situation {} State of Mind
— Pages feel slower # Pages feel faster

when on the move when relaxed

@ Sale Availability

Pages feel slow Slow eventually
during sales becomes unavailable

Brain Food, Speed Matters, Designing m Performance Matters, 9 Key
for Mobile Performance, Google, 2017. Consumer Insights, Akamai, 2014


https://drive.google.com/file/d/13ALqHsUod3FJlX5j5PCGWfnKgj2eqez9/view
https://drive.google.com/file/d/1-_Hv-LC_8q9hi8oNJQtPGF5BRQh-v_Ss/view

Mobile is strong
and growing



Users perceive speed
slower than it actually is



On the move, things
are even worse



Delay [#3«le1[<I*)'A : Rules of Thumb

Delay User Perception

O —100 ms Instant

100 — 300 ms  Small perceptible delay » Stay under 1000 ms to
300 — 1000 ms Machine is working keep users’ attention
1+s Mental context switch

10+ s Task is abandoned

m I. Grigorik, High performance browser m Jakob Nielsen, Usability Engineering,
networking, O’Reilly Media, 2013 Morgan Kaufmann, 1994



[\ VAR Businesses

Measure Web Performance?




You Heard The

amaZon 100 ms slower =P  =1% Conversion Rate

> Zalaﬂdo 100 ms faster =——»  +0.7% Revenue Per Session

Walmart 100 ms faster  =—p  +1% Revenue

m Greg Linden. Make Data Useful. Stanford Shuhei Kagawa, Jeff Cybulski, David Martin Jones, et. m C. Crocker, A. Kulick, B. Ram. Real-User Monitoring at
Data Mining Class CS345A, 2006 al.. Loading Time Matters. Zalando Tech Blog, 2018 Walmart, SF & SV Web Performance Group, 2012.



http://glinden.blogspot.com/2006/12/slides-from-my-talk-at-stanford.html
https://jobs.zalando.com/tech/blog/loading-time-matters/
https://de.slideshare.net/devonauerswald/walmart-pagespeedslide

Load Time &@

Go From7sto2sloads =—» +80% Traffic

GO gle 500 ms Slower Loads = -20% Traffic

[ )
P|ntereSt 40% Faster Loads —p  +15% SEO Traffic

Lucia Moses. How GQ Cut Its Webpage Marissa Mayer, Conference m Sam Meder, Vadim Antonoyv, Jeff Chang. Driving User Growth
Load Time By 80 Percent, Digiday, 2015. Keynote, Web 2.0, 2006 With Performance Improvements, Pinterest Blog, 2017



http://glinden.blogspot.com/2006/11/marissa-mayer-at-web-20.html
https://digiday.com/media/gq-com-cut-page-load-time-80-percent/
https://medium.com/pinterest-engineering/driving-user-growth-with-performance-improvements-cfc50dafadd7

Load Time & User|[Jglelele[=la]=13]e

FORRESTER® -80% load time —»  +60% Session Length (Mobile)

OTTD -42% time to FCP  =—p  +25% Session Length

F\\
( +2s load time =——p  +103% Bounce Rate

Forrester. The Total Economic Impact ™ Lars Bognar. Mobile Speed Race der Otto Grou m Akamai. Akamai Online Retail Performance Report:
Of Accelerated Mobile Pages, 2017 Verbessert Mobile Ladezeiten, TWG, 2019 Milliseconds Are Critical, Akamai Blog, 2017



https://www.thinkwithgoogle.com/intl/de-de/insights/markteinblicke/mobile-speed-race-der-otto-group-verbessert-mobile-ladezeiten/
https://www.thinkwithgoogle.com/intl/de-de/insights/markteinblicke/mobile-speed-race-der-otto-group-verbessert-mobile-ladezeiten/
https://www.thinkwithgoogle.com/intl/de-de/insights/markteinblicke/mobile-speed-race-der-otto-group-verbessert-mobile-ladezeiten/
https://www.thinkwithgoogle.com/intl/de-de/insights/markteinblicke/mobile-speed-race-der-otto-group-verbessert-mobile-ladezeiten/
https://www.akamai.com/de/de/about/news/press/2017-press/akamai-releases-spring-2017-state-of-online-retail-performance-report.jsp
https://amp.dev/static/files/The_Total_Economic_Impact_Of_AMP.pdf

Load Time & Userkfeldfsiele1dle]a

. radware +500 ms network delay — +26% peak frustration

AberdeenGroup #1's delay in response times = -16% customer satisfaction

=il | ial Coll :
L’Qﬁﬁ.‘;‘,?, oIeIE +50% response time =——p -50% productivity

T

Tammy Everts. Mobile Web Stress: The Impact of Network Speed The Performance of Web Applications: Customers Are T. Goodman, R. Spence. The Effect of System Response Time
on Emotional Engagement and Brand Perception, Radware, 2013 Won or Lost in One Second, Aberdeen Group, 2008. on Interactive Computer Aided Problem Solving, ICL, 1978



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjpqqTL9JvlAhVBYVAKHRsHBJYQFjAAegQIABAC&url=https://headspin.io/resources/marketing/reports/5136-RR-performance-web-application.pdf&usg=AOvVaw2Wp2TwhMea0y8Zv5sCO57B
https://blog.radware.com/applicationdelivery/applicationaccelerationoptimization/2013/12/mobile-web-stress-the-impact-of-network-speed-on-emotional-engagement-and-brand-perception-report/
https://dl.acm.org/citation.cfm?id=807378

Summary: The IV EI Rl «Jelead Of Site Speed

Better
FORRESTER GO

Pinterest

Walmart OTTO
» zalando
Slower Faster
Aberdeen Group amazon
:’radware

8k Imperial College
=5

Google
G

Worse



Page Speed

Mohney



How Do you m

Page Speed?



What Do Users ?

Speed Index First Meaningful Paint

avg. time to visibility greatest visible change

Visual Completeness

@
i

Time

O O1s 02s 03s 04s O0.5s



hlhGldldPerformance Testing

loads website

User Request Server

@

measurements,
Result video analysis, etc.




m-User Monitoring (RUM)

Browser Ingestion Data Warehouse Visualization
a
' s
B » =) = :
m — 11— -
— =

= Load timers & = Receive data = Materialized views = Dashboards & alerting
meta data beacons & aggregations = Custom analytics
= Custom tracking = Datastorage = Historical data

& reporting



Visual stories Who has qualified for
the September
debates, so far

Only eight candidates have already qualified for
the third Democratic debate hosted by ABC and
Univision

el fe[-154Contentful Paint

Imqge taken from m Philip Walton, Largest Contentful Paint, web.dev, 2019



el fe[-154Contentful Paint

Visual stories Who has qualified for Who has qualified for Who has qualified for
the September the September the September
debates, so far debates, so far debates, so far

Only eight candidates have already qualified for Only eight candidates have already qualified for Only eight candidates have already qualified for
the third Democratic debate hosted by ABC and the third Democratic debate hosted by ABC and the third Democratic debate hosted by ABC and
Univision Univision Univision

How to make money with merch from a viral debate How to make money with merch from a viral debate
moment moment

Anderson Cooper: This is the question for 2020 Anderson Cooper: This is the question for 2020
Democrats (& Democrats (-

Whether you trust scientists may depend on your political Whether you trust scientists may depend on your political
party, survey says party, survey says

Imqge taken from m Philip Walton, Largest Contentful Paint, web.dev, 2019



Now available in @& Chrome!

Visual stories

Who has qualified for
the September
debates, so far

Who has qualified for
the September
debates, so far

Only eight candidates have already qualified for
the third Democratic debate hosted by ABC and
Univision

Only eight candidates have already qualified for
the third Democratic debate hosted by ABC and
Univision

How to make money with merch from a viral debate
moment

Anderson Cooper: This is the question for 2020
Democrats (=

Whiether you trust scientists may depend on your political
party, survey says

Who has qualified for
the September
debates, so far

Only eight candidates have already qualified for
the third Democratic debate hosted by ABC and
Univision

How to make money with merch from a viral debate
moment

Anderson Cooper: This is the question for 2020
Democrats (-

Whether you trust scientists may depend on your political
party. survey says

el fe[-154Contentful Paint

Who has qualified for
the September
debates, so far

Only eight candidates have already qualified for
the third Democratic debate hosted by ABC and
Univision

How to make money with merch from a viral debate
moment

Anderson Cooper: This is the question for 2020
Democrats (x

Whether you trust scientists may depend on your political
party, survey says

Imqge taken from m Philip Walton, Largest Contentful Paint, web.dev, 2019



Data Analysis
BigQuery

7= PageSpeed Insights

@ »Gogle»

@
L CrUX Dashboard
-»

R [Search Ronk]

= Performance data from Chrome = Publicly available
desktop & mobile users = Performance distributions (histograms)
= Domain granularity = SEO-critical




111109 [a"A: Measuring Performance

Synthetic RUM

m WebPagetest I Google Analytics

m ' @ Adobe Analytics

« User-centric metrics « Data from actual users
X Only simulated X Complex to operate

Logs
! crux
"®. CDN Logs

E Server Logs

«Reodilyovoiloble
X Hardtointerpret



How Does Speed

To Business Success Exactly?



Measuring the Uplift — With pled]3, (&=

CDNs, Manual .
’ S d Kit
Optimizations pecd

= Only before-after
comparison

Shop Features

= Statistically sound = Measurable business
split testing impact through A/B

tests
= Clean measurement

of performance &
business uplifts



Appelrath.com

, With
R Speed Kit

[l appelrath.com [ %

Without
Speed Kit

401230

] appelrath.com L] &

AppelrathCiipper  © [ “

|

vy GLAMOUR SHOPPING WEEK v 15% Rabatt auf
alles! ww Zu den Konditionen

Wir verwenden Cookies, um lhr Besuchserlebnis zu
verbessern und Ihnen einen bestmoglichen Service zu
bieten. Wenn Sie auf der Seite weitersurfen, stimmen Sie
bitte der Cookie-Nutzung und der aktuellen
Datenschutzerklarung von AppelrathCapper zu.

ZUSTIMMEN




Percentage of Traffic

Appelrath:Datq Analysis

ﬁ January 2019 First Paint "

(Speed Kit) Chrome UX Report Comparison

October 2018

0 1 2 3 4 5 6 7 8 9 10
First Paint in Seconds

*comparing appelrath.com Chrome UX report data from October 2018 with Januar y 2019



Appelrath: Business

User-based o
O Conversion Rate + >1 0 /o
O Overall Time for
Q Speed Kit Setup 2 qus



Without
Speed Kit

Scholl-Shoes.com

Il scholl-shoes.com

401230

|

40 12:30

1 scholl-shoes.com 1] 3

=|

YW

Diese Website benutzt Cookies zur Profilerstellung X
dritter Parteien, um lhnen thren Vorlieben
entsprechende Werbung und Dienstleistungen
zuzusenden und dadurch Ihr Einkaufserlebnis zu
verbessern. Falls Sie mehr dariiber wissen oder allen
oder einigen Cookies ihre Zustimmung verweigern
maochten, bitte hier klicken. Sobald Sie dieses Banner
schlieBen oder eines der unten stehenden Elemente auf
der Website anklicken, erklaren Sie sich mit der
Verwendung der Cookies einverstanden.

With
Speed Kit



Scholl-Shoes: [Ziote o Uplift

Time to First Byte (TTFB)

Original 05s

Speed Kit 0.14 s

First Paint

Original 12s

Speed Kit 0.7s

*Median performance on non-blacklisted pages compared between the two A/B test split groups



Scholl-Shoes: MImpqct

LI Transactions + 2.95%

O Overall Revenue + 3.20%



Without
Speed Kit

&

] stylefile.com 1

4l 1230 .\

Stylefile.com

Sale %

Stylefile x 757" =

Schuhe

Graffiti




Stylefile: Uplift in[fee L3 Terminology

12% 53%

green<is yellow 1-2.5s M red >2.5s

with Speed Kit -

47% 73%

*First Paint out of Speed Kit RUM data ranked according to Google CrUX methodology



Stylefile: (MBI Uplift

_! User-Based +1.9%

Conversion Rate

ﬁ. Average Order +- 3 8%

Value



Before
Speed Kit

S

] htips://baur.de

4l 1230 .\

Baur.de

7Y hitps://baur.de

BAUR App fir Android
Mode & Mobel Onlir hop

N O

ANZEIGEN

(I




Overall Performancel¥lddligd For Baur.de

M Original M Speed Kit

40000

30000

Median 1361 ms

Median 2087 ms

20000

# of page impressions

10000

2000 4000 6000 8000 10000

FCPinms

First Contentful Paint Histogram

*Histogram of first contentful paint on PDV pages compared between the two A/B test split groups



Before
Speed Kit

Il decathlon.de

401230

J :

|

40 12:30

Il decathlon.de 1 :

=l DECATHLON Y- "
SPORTBEKLEIDUNG
HERREN

Herren-Sportbekleidung fiir jede Sportart und jedes
Niveau. Entdecke die Oberbekleidung, Hosen,
Unterwasche und Miitzen und Handschuhe in dieser

Kategorie.
1! FITER Bestseller Y

@ Suche deine Filiale und sieh dir die Verfuigbarkeiten der Artikel

Decathlon verwendet Cookies, um dir den bestmdglichen Service
zu gewahrleisten. Wenn du auf der Seite weitersurfst stimmst du
der Cookie-Nutzung zu. Weitere Informationen findest du hier.

After
Speed Kit



Performance

Best Practices



Page Weight & CRP Responsive Images Browser Caching
Compression, above-the-fold  Serve the right dimensions Retrieve content without
optimization, Accelerated and best format for every accessing the network,

Mobile Pages (AMP), ... device Progressive Web App (PWA)



Reduce Latency

‘.' >
.

Accelerate requests
through CDNs and edge
caching

Optimize Protocols

Optimize low-level TCP,
DNS, and TLS protocol
parameters

Leverage HTTP/2

]

Send user traffic through
HTTP/2 connections and
use its features



Backend

Server Stack Efficiency Scale Horizontally

Minimize the time to first Build an architecture that
byte (TTFB) through fast scales with increasing data
server-side processing and request volume

High Availability

Transparent error handling
and failover mechanisms



How Speed Kit

Website + Speed Kit JS
(Service Worker)

- Fast Requests Speed Kit
Cloud

~~~
_y

y

T~ I Real-Time Sync

~~

.. 3rd . ~‘= Origin
Parties G Backend




How We Solved [efelel g [=X &) o 1=1 =g [e{=

S N

—— =

Automatic Browser "ﬁ%"”" |

Cache Coherence T A -
invalidate

Expiration Invalidation
Cache Cache
IA\
Validate I N RN Add to Server
\
Freshness III N H \ Cache Sketch
I
! \ Compact Cache Sketch v %
Ol1]0]1]1]= 013]10]4]1




How Fast Areffe1¥s

BaQend Speed Kit Features Pricing Analyzer

https://www.appelrath.com/

Without Speed Kit
2085 ms

AppelrathCiipper £ ]

You are using Speed Kit 1.19.1 4/

Without Speed Kit

21s

Your Website (Speed Kit 1.19.1)
565 ms

AppelrathCiipper 2 ]

it up -4 + absaniaen i 10
Ean .

2P, 8

Your Website

0.65

Offline



https://test.speed-kit.com/

Summary &




S Timeline |

2019/Q2 2020/Qt

Today



Study ATy

®——w—#

Implementation Evaluation Long-Term Effects
A/B-Tested Speedup Quantified On-Site Uplift Not Evaluated

— First Paint — Conversion Rate - SEORank
— Time to Interaction — Time on Site — Returning Visitors



Join & Learn More: K el=l=le [ dile \VAI s} {¢’

THE LARGEST SYSTEMATIC STUDY OF

Mobile Site Speed and the
Impact on E-Commerce




{Te[o\VA LR NeTo[o W INsStantly?

Join the study!

Details & newsletter on

speedstudy.info

Dr. Felix Gessert, CEO
Ralf Ohlenbostel,Mobile Specialist
Prof. Dr.-Ing Norbert Ritter, DBIS

fg@bagend.com

ralfo@google.com
ritter@informatik.uni-hamburg.de




