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oogle Trends



(oogle Trends

[..] shows how often a particular search-term is entered
relative to the total search-volume across various
regions of the world, (for different time periods starting
2004), and in various languages.l!


https://en.wikipedia.org/wiki/Google_Trends

(oogle Trends

primarily shows two kinds of data:
Temporal (time-series), and Spatial (location-specific)



Temporal versus Spatial Data

Figure below shows temporal as well as spatial search intensity for the term “diabetes” in
the United States for the time period 2004-present
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oogle Trends:
Normalization



(oogle Trends

normalizes data across time and space.



Temporal Normalization

Google returns data such that the period with the highest relative search intensity (circled
below) corresponds to an arbitrary reference value of 100. All other temporal units are
normalized with respect to this absolute maximum of 100.

= GoogleTrends

® diabetes United States, 2004 - present
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Spatial Normalization

Similarly, when getting search data across spatial units such as U.S. states, the state with
the highest search intensity (circled below) is assigned a value of 100, and all other spatial
units are normalized relative to the search intensity of that peak.
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(oogle Trends
Normalization



Characterizing a global slow-moving trend

Unlike fast-moving phenomenon such as influenza, stock markets, etc., slow-moving trends
are trends that vield sparse temporal resolution (i.e. mostly measured across months,
seasons or years). Examples: Rates of Diabetes, Obesity, Unemployment, etc.

o Fitting a global temporal-only model using Google Trends is hence infeasible
due to the sparse set of data points (at max equal to number of years from
2004 to present)

Solution: Fit a spatial model to apply across time?
Example: Fit a model by using data points across each state and across each year to
predict next year’s trend



Modeling temporal variation using spatial-only data

does not overall
search volume




Modeling temporal variation using spatial-only data

o Moreover, within each vear across space, data is normalized independently.
o Hence, the value of 100 in year 2014 for the state New Mexico cannot be
compared to the value of 100 in the year 2015 for the state of Mississippi.
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Modeling temporal variation using spatial-enly

spatio-temporal data

Reconstructing the state-level contri
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e Solution 2: Approximate the absolute search volume by
creating a spatio-temporal index for each state by
de-normalizing Google Trends data



(oogle Trends:
Normalization



Google Trends: De-Normalization (steps)

1. Collect Spatial as well as Temporal data
2. Choose a reference year r
3. Rescale each value using the following formula:

) G, =
Xys —_ Gl (x);s) * G_(Zr) *k —n
! Y Gy(x,,)

-l et et e

Ratio of the sum of

New Spatio-Temporal  Spatial Data value Ratio of Temporal spatial data in vear r
Index from Google Trends Increase from year r P h y
to year y to that of yeary

signifies that the data was
collected via Google Trends.
signifies spatial data.
represents the year.
represents the number of states.
represents the reference year.
represents the value of the
corresponding keyword in year y
across time.
represents the value of the
corresponding keyword in reference
year r across time.
represents the sum of the
regional distribution of the
corresponding keyword in the
reference year .
represents the sum of the
regional distribution of the
corresponding keyword in the year y.




Google Trends: De-Normalization (fictitious example)

1. Imagine a country “Utopia” with three states: Hogsmeade, Metropolis and La la land
with reference year 2011

2011 2012 2013
Spatial Data

Hogsmeade  48.3 86.4

} I 2
Metropolis 100 100 80.3
lalaland 645 123 178 Temporal Data
Utopia 449 12.5 100 } -



Google Trends: De-Normalization (fictitious example)

_ _ 2011:48.3a + 100a + 64.5a = 44.9u
Since the values are normalized, so then absolute search volume would be equal to: 2012: 86.4b + 100b + 12.3b = 72.5u

2013:100c + 80.35¢ + 17.85¢ = 100u

2011 2012 2013 1
2011:a (48.3 + 100 + 64.5) = 44.9u

2012: b (86.4 +100 +12.3) = 712.5u

Hogsmeade 48.3a 86.4b 100c 2013: ¢ (100 + 80.35 + 17.85) = 100u
20M:2 }"G,(S,.5917) = Gz ..pppy) ™
Metropolis  100a 100b 80.3c u
2012:b }'G{(S,.5015) = G2 y.079) **”
lalaland 6452 12.3b 17.8¢ 20152 1/8(8 ) * 610 e
Utopia 44 9 12.5u 100u

where a, b, ¢ and u are hidden from us.



Google Trends: De-Normalization (fictitious example)

Since the values are normalized, so then absolute search volume would be equal to:

States | 2011 |2012 |2013 12 % 2 100 2 £ Fa o 2= (6,(2 ggn) * W)/ (1'6,(S,.501))
- 2011: 48.3a + 100a + 64.52 = 44.9u -Gl 22?]1112] IS 22112]]

2012: 86.4b +100b +12.3b = 72.5u

Hogsmeade = 48.3a 86.4b 100c 2013: 100¢ + 80.35¢ + 17.85¢ = 100u c=(G (Zy2012) “u) /(Y G(Sy 2013))
|
Metropolis  100a 100b 80.3¢ 2011:a (48.3 +100 + 64.5) = 44.9u

—  2012:b(86.4+100+12.3) = 712.5u
2013: ¢ (100 + 80.35 + 11.85) = 100u

lalaland  64.5a 12.3b 11.8¢
2011: 2 }'G\(S.p017)) = G2 1pg) *

u —

2012:b zi"G|(8y=2012,i) ) Gt(z y=2012) “u

2013:¢ zi"Gl(Sme&i) = Gt(z y=2[]12] ’
u

Utopia 44.9u 12.5u 100u



Google Trends: De-Normalization (fictitious example)

a= (Gy(z .07 ) ™ W)/ (LGS p01)))
483 86.4 100

b = (Gt(l y=2012) *u)/ (zinGI(sy=2[}12,i]] Hogsmeade

€= (647 yp01p) ")/ (1"Gi(S,-9013))
Metropolis 100 100 80.3

. . La La Land 64.5 12.3 11.8
Note that according to our formula, if
we now want to denormalize w.r.t to

the reference year 2011, so by using
. States 20M 2012 2013
our equation, ----

==1/a as 2011 is our Hogsmeade 483 ala 86.4b/a 100 c/a
example reference year

e

Metropolis 100 a/a 100 b/a 80.3c/a

La La Land 64.5a/a 12.3b/a 178 ¢c/a

== or b or ¢ depending on the year of the
value being denormalized




Google Trends: De-Normalization (fictitious example)

Absolute Search Volume (Hidden) Absolute Search Volume
Hogsmeade 483 a 86.4b 100 ¢ Hogsmeade 483 a/a 86.4 b/a 100 c/a
Metropolis 100 a 100 b 803 ¢ Metropolis 100 a/a 100 b/a 80.3¢c/a
La La Land 645 a 123b 178 ¢ LalaLand 64.5a/a 123 b/a 178 ¢c/a



Normalization (accounting for population and internet
penetration)

Finally, to de-bias data of the population level, we would need to adjust each value by a product of the population in each state multiplied by the Internet penetration to get an
approximate number of the Google search users in each state:

. B G Gt(zy) ; l( rl) ri ri
Yys = GilXys) * G *
> Gix,) * P+ 1,

New Spatio-Temporal Spatial Data value Ratio of Temporal Rati(_) rIdethe Sum of R_atio of pnpulationh Ratio of !nternet
Index from Google Trends Increase from year r spatial datainyearr  size of state n for the  penetration of state n
to year y to that of yeary reference year r to for the reference year

the yeary r to the yeary




Questions?

Email: SHAHAN A. MEMON at
samemon(@cs.cmu.edu



