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In mathematical terms, we are interested in estimating 3 coefficients, as in the following equation:

Y = o + P * Treatment + 3, * Post + 33 * Treatment * Post + ¢
e e

- Lf
Where: / @ el iy EQS/\
() — N / 3

Y is our outcome variable; / | o \

. ) Vost (V) ~_
Treatment is a dummy variable indicating the treatment (=1) and control (=0) group; /

Post is a dummy variable indicating pre (=0) and post (=1) treatment;

Treatment * Post is a dummy variable indicating whether the outcome was observed in the treatment:
AND it was observed after the intervention (=1), or any other case (=0).

The difference-in-difference model assumes
that - in the absence of treatment - the

treatment and control group have a similar Treatment Group
trend over time, so as we can calculate the
counterfactual based on the changes in the @ BO T [31 T BZ t B3
control group Counterfactual
. =k +
Why: Counterfactual is calculated by summing BO B1 BZ

o Comparison Group

Bo+ B+ @ @ Po+ P

Bo €

Pre-intervention Post-intervention
B HYPOTHESES
bo Is the average outcome of the control group before the treatment # 0?
by Is the difference between the control and treatment group before the treatment # 0?
by Is the difference between the average outcome of the control group before and after

the treatment # 0?

bs Difference in difference estimator. Does the treatment have an impact?
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call:
Im(formula = sales ~ Post_Promotion, data = storeA)

Residuals: Difference of Weekly

Average Revenue
Between Pre and Post
Promotion Period

Min 1Q Median 3Q Ma:
-20.5556 -10.5556  0.5556 9.4444 19.4444

Coefficients:

or t value Pr(>|t|)
4.267 25.908 1.69e-1
8.535  3.255 0.0086

Estimate std.
(Intercept) §
Post_Promotion

signif. codes: 0 ‘***' 0,001 ‘**’ 0,01 ‘*' 0.05 ‘.’ 0.1 ‘' 1
Residual standard error: 12.8 on 10 degrees of freedom
Multiple R-squared: 0.5144, Adjusted R-squared: 0.4658
F-statistic: 10.59 on 1 and 10 DF, p-value: 0.008651

Stores
Store A
Store 8

[{Store AR

Vieekly Sales Revenue of Store A & Store 8 -

Sees

call:

Im(formula = sales ~ Post_Promotion + Test_Group + Post_Promotion *
Test_Group, data = StoreAB)

Residuals: Weekly Average Revenue
Min 1 Median 3Q Max | Due to Free Sample

-20.5556 -10.5556 -0.8333 9.4444 21.6667 |promotion alone

coefficients:

Estimate Std. Error t yefTue Pr(>|t|)
(Intercept) 63.333 4.455 4.75e-12 *¥*
Post_Promotion 20.000 2.282 0.0336 *
Test_Group 4, 7.621 2.45e-07 ***
Post_Promotion:Test_Group @ 12.393 0.628 0.5374

Signif. codes: 0 ‘*¥¥¥ 0,001 ‘%% (0,01 = Q.05 “.» 0.2 "1

Residual standard error: 13.14 on 20 degrees of freedom
Multiple R-squared: 0.8322, Adjusted R-squared: 0.8071
F-statistic: 33.07 on 3 and 20 DF, p-value: 6.021le-08

Assumptions for Difference in Difference

1. Parallel Trend Assumptions: The counterfactual is
considered to have parallel trends with the treatment
group. Statistically, counterfactuals can be obtained by
performing Dynamic Diff-in-Diff as well

2. Stable Unit Treatment Value Assumption (SUTVA)

a). The composition of the treatment and control group is
stable for repeated cross-sectional design

b). No interference effect: The outcome of treatment
should not be impacted by the interaction between the
members of the treatment and control group

3. There should not be any Anticipation Effect: The

analysis results will be biased if the customers will know
about the promotions from before.



