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EXHIBIT B



Long Term Retention: The Young Ones are the Best Ones
and Other Learnings

(cover phato below)
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TL,DR

We observe very stark differences in long term retention in the United States depending on (1) Age at which you join Facebook and (2)
Year in which you join Facebook.

Establishing long term retention as a standard metric for Facebook to observe and analyze across our analytics and research teams, in
addition to product teams more generally, is a major objective of this work. We see that year-of-birth/age and confirmation year are important
dimensions through which to understand how different people are using Facebook aver time.
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Our three major findings and associated implications are below.

1. Tweens (approximate age 10-12) are special. People who join Facebook as tweens have the highest long term retention out of
all age groups.

a. Observations

i. As an example, for people who joined Facebook in 2016, 12 year-olds (born in 2004) have long term retention (LTR)
MAP_28 of 72% at an FB age of 365. 32 year-olds (born in 1984) have long term retention of 25% at the same FB age. This is
a3x difference for a 12 y/o versus a 32 y/a! The difference is similar in magnitude across multiple confirmation years.

ii. You can also see this very clearly in the Chart 2 below. There is a green band (indicating high retention} on the right in
every confirmation year. The exceptions are in the very early days of Facebook (2004 and 2005} when high schoolers did not
have access to Facebook.

iii. Caveat: These findings rely on the Age Affinity model, and while it is the best we have for age, there are biases in the
model which may influence the results.

b. Implications

i. ACTION: Given that tweens have long term retention multiple times (~3X) more than adults, understand why this is the
case.

[. Facebook as a whole should consider investing more heavily in bringing in larger volumes of tweens.
2. For the Youth Team, prioritize tweens over all other age groups.

ii. ACTION: Track down the former tweens who have incredibly high retention on Facebook and find out why they joined
Facebook when they did and what keeps them on Facebook till this day. Can we replicate some of those conditions so that
we have a greater number of highly retentive tweens in our pipeline?

2. The earlier the confirmation year (the year in which a user joined Facebook), the higher the long term retention.
a. Observations

i. For example, for somebody who was born in 1953, this user's long term retention is markedly higher the earlier the user
joined Facebook

1. Joined 2009: 76% at Day 1,800

2. Joined 2011: 54% at Day 1,800

3. Joined 2013: Projected ~47% at Day 1,800 (48% at Day 1,400}
4. Joined 2015: Projected ~35% at Day 1,800 (42% at Day 700)

ii. You can also see this clearly in the Chart 2 below. The early confirmation years are much greener (LTR closer to 100%)
than the latter confirmation years despite the early confirmation years despite having users who are of much greater
Facebook age.

b. Implications

i. Facebook's long term retention deteriorates with each passing year. This is unsustainable, and we need to find out why it
deteriorates.

[. Discovering why will lead to different product changes. Some hypotheses:

a. Competition: Other social services are better and better
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b. Nature of underlying population: The people who join Facebook later on are more marginal. Perhaps they
have worse connectivity? Or perhaps they have negative sentiment toward Faceboaok?

c. Changes in Facebook's product/the code and pixels: Our product has changed in a way that does nat
encourage strong long term retention.

d. Changes in the friend graph on Facebook: People who joined earlier on have a different graph than those
who joined later on. The graph of those who joined earlier on lends itself to better long term retention .

e. Changes in accounts created: There could be more secondary accounts (soon abandoned) or more fake
accounts.
2. ACTION: People who joined Facebook earlier on are fundamentally different from the people who join today.
What makes them or their situation different? Can we replicate what we had before so that people who join Facebook
today have higher retention?
3. In a recent confir mation year, 2016, the higher the population penetration by year of birth, the lower the long term
retention.

a. Observations
i. This is counterintuitive. Conventional wisdom is that as population penetration increases, retention increases.

ii. Skip to the section “A Fascinating Relationship Between Long Term Retention and Population Penetration” towards the
end to find analysis on this.

b. Implications

i. If the relationship is a causal one, then it suggests that we do not understand how social media products work. Even if it is
only correlational, we should seek to understand the drivers.

. Isit:
a. Users who are signing up for Facebook now are extremely marginal users?
i, Why are they marginal? Don't like Facebook? Primarily use Snapchat? Have better uses of their time?

b. Users who are signing up for Facebook now are already existing Facebook users but are signing up secondary
accounts?

i. Why doesn't our SUMA model detect this?
c. Users who are signing up are not real people
i. Why doesn't our fake accounts team detect this?

ii. ACTION: This finding appears to challenge our understanding of how social media is supposed to work. It behooves us as
Facebook to understand what is happening.

Context and Definitions

We initially looked into long term retention in order to calculate tl ¥hat we found was a dataset that was interesting
in of itself.

We define long term retention as the continued use of Facebook over very long periods of time, hundreds or even thousands of days. For the
purposes of this note, we looked the percent of users who were MAP_28 after n number of days.

Quick Primer on Charts
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o E.g., people born in 1996 and confirmed in 2010 (approx 14 v/ at confirmation}, have 58% MAP retention at Day 2,000

@ But for pecple born in 1997 and confirmed in 2011 {approx 14 v/o at confirmation) have dropped to 41% at Day 2,000. Even on the
same date (Day 1,635), for those born in 1997 and confirmed in 2011, their MAP retention was 42%

o And even more recently, for people born in 2002 and confirmed in 2016 (approx 14 v/o at confirmation) have dropped to 40% as
early as Day 365 and projected to drop to around 25% by Day 2,000

® Inrecent years, people who join as young adults (19-29) have the worst long term retention of all ages
o However, this group is also fully penetrated on a MAP/population basis. So that leads us to ask:
= Who is creating new accounts if it seems like almost all people in the age range are already FB MAP?
= Are they creating secondary accounts?

® How many of these are fake/spam accounts?

1961 to 1980
(Chart 5: Long Term Retention, Cohort Size, and Approximate MAP_28 on Latest Day for Birth Years 1961 tc 1980 and All Confirmed Years)
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s About 32% of MAP is represented by birth years (961 to 1980
® During the first few years of Facebook, this group had very high long term retention

* However, this group's long term retention has dropped censiderably
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* In contrast to the younger ages, the number of recent account confirmaticns is considerably lower

1940 to 1960
(Chart 6 Long Term Retention, Cohort Size, and Approximate MAP_28 on Latest Day for Birth Years 1940 to 1960 and All Confirmed Years}
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s About 7% of MAP is represented by birth years 1940 to (960

® Separate from those who join as tweens (10-12 y/o), those who jein in old age have the highest long term retenticn
© We see this in the yellow-green celoring for those in this age group

® People who join Facebook at older ages do better than people who join as young adults

© Conventicnal wisdom is that Facebook does poorly with older people—however, our long term retention data seems to say that
clder people who jeoin Facebook, whether in the earlier vears (e.g., 2009} or even more recently (e.g., 2016}, tend to continue using
Facebook

A Fascinating Relationship Between Long Term Retention and Population Penetration

The MAP_28 population penetration (MAP_28 / total population for that year of birth} is eerily an inverse of the long term retention chart in
recent confirmation years. This leads to an unexpected result. The higher the MAP_28 population penetration, the lower the long term
retention of new cohorts. We would expect the opposite effect. A simple linear regression (with population penetration as the independent
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= What is it about people who join as tweens make them have such high long term retention?
= Why do we do the poorest with those who join as young adults?

= Why do we do better with people who join when they are old compared to young adults?
¢ Operationalize confirmation year into Deltoid

© The differences in usage are starkly different by confirmation year so it makes sense to monitor metrics by confirmation year

Because of the difficulty in assessing long term retention, nobody has done it until now. With this dataset, we can understand Facebook and
other family apps more deeply than before.

What's Next

We are planning to look at long term retention outside the United States and also for Instagram. We also hope this work spurs others to look
into long term retention themselves as the breadth of this data across time and products lends itself to further analysis.

Methodology

The long term retention dataset provides statistics and analyses on retention of users on facebook over time. The primary retention metric for
the current dataset is overall FB xAP and it is [imited to the users in US only. The dataset is populated all the way from Jan 2012 till March 2018.
The dataset provides a wide variety of dimensions such as the Age, Year of Birth and Registration Date among other things. The dataset also
tracks the Facebook Age as well as the age of the user though time which are aimed at providing generational insights into user retention.

Data Derivations

Almost all of the data including most of the dimensions and all of the XAP metrics are derived from dim_all_users. It is one of the most trusted
and well monitored datasets which is critical for data quality. Age related attributes are derived from Dim Age Affinity (see below). Accounts
that are deactivated are included in the cohort until the day of de-activation. Accounts which are marked as SUMA or Fake are excluded from
any all calculations.

Age Calculations

The Teen/Non-Teen and the age of a user are determined using Age Affinity. Instead of using the Point Fstimates - we estimate the distribution
of the sample mean of the user being in a certain age/age-group using the bootstraps. For example to determine if the user is a Teen - we use the
following 3 step formula

1. Calculate Age for a bootstrap n being calculated as A(n) = @DATEDIFF(CURRENT_DS, AA_DOBI(n))

2.P(n) = {Ain) £ 18} - then 1 else 0.

3. P(teen} = (3P(n)}/100

The same is extended onto age specific calculations.

We also froze the Age Affinity partition to the 07/01/2018 partition to avoid inconsistencies in the dataset due to predictions changing aver
time. Since this analysis is primarily for long term retention - the impact of AA not having accurate predictions for new users is minimal.
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SUMA

One of the key assumptions in the dataset is that the rate of SUMA has been fairly constant over time. Based on the results of the high level
analysis - the current SUMA model only flags about 10% of accounts as SUMA. For example in for YoB 2012 - there were 12M accounts created
on FB for US users but only 4M people born in US.

Dataset Details

Prim-.... Cuiem e e T T4 U I J Uy

Dash

Samp  _ o 9 ; time?
SELECT

fb_age_in_days,
age_at_registration as dim,
SUM(map_28) as metric_val,
SUM(total_users) AS cohort_size,
(SUM(1.0 * map_28) / SUM{total_users))*100 AS retention_percent
FROM
ytg cohort user metrics summary_ agg
WHERE
ds between '2012-01-04' AND '2017-12-31°
AND age_at_registration BETWEEN 1@ AND 30
AND fb_age_in_days IS NOT NULL
AND dob_vyear = '1999°'
AND confirmed year IS NULL
AND age in_years IS NULL
AND age_in_vears_months IS NULL

GROUP BY
1,
2

ORDER BY

1, 2
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Thank you to those who shared feedback on earlier versions of this work: Danny Ferrante, Mike Winters.--
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Thanks to our respective manager- and -ho gave us the time to pursue a novel type of metric and analysis.

Appendix
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Previous presentation on the topi

[Not part of the note]
People who might be interested in this:
¢ fake accounts team
* SUMA team
* core growth
® teens team members
e Nadine (interest in helping out older people}
® segmentation peeps (earl and alan)
s prowth marketing peeps
s Messenger Kids

[removed from note to make shorter]

» The example above is the 2013 Confirm Year color chart
© Asevidenced by the dark green band on the right, young teens/tweens have the highest long term retention
o The yellow-red blob in the middle shows that older teens and younger adults tend to have the lowest long term retention

o The yellow-green band on the left shows that much older adults tend to have reasonably good long term retention (in between the
tweens and young adults)

o We also see columns that stand out of place for 1940, 1950, 1960, 1970, 1980, 1990, and 2000. This could be a reflection of human
psvychology when creating “fake” accounts per

Conversation History

Quipbot#08 left the thread Aug 9 at 6:56 am
Quipbot#08 locked edits on the document Aug 9 at 6:5f am

Quipbot#08 Aug 9 at 6:5f am
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