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Learning Objectives

1. Define confounders and effect modifiers, and how they interact with the main relationship we model.
2. Interpret the interaction component of a model with a binary categorical covariate and continuous covariate,
and how the main variable’s effect changes.

3. Interpret the interaction component of a model with a multi-level categorical covariate and continuous
covariate, and how the main variable’s effect changes.

4. Interpret the interaction component of a model with twoovariates, and how the main variable’s

effect changes.

Next time:

5. Interpret the interaction component of a model with two continuous covariates, and how the main variable’s
effect changes.
6. When there are only two covariates in the model, test whether one is a confounder or effect modifier.
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Let’s map that to our regression analysis process

Model Selection Model Fitting

—
e Building a model e Find best fit line e Evaluation of model fit
e Selecting variables e Using OLS in this class e Testing model assumptions
e Predictionvs e Parameter estimation e Residuals

interpretation .

e Categorical covariates pndio{m e Transformations
< ntractions)

e Comparing potential

¢ |nfluential points
models

e Multicollinearity

Model Use (Inference)

e Inference for coefficients  Inference for expected Y given X

e Hypothesis testing for coefficients
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Recall our data and the main relationship
Life expectancy vs. female literacy rate
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Learning Objectives

1. Define confounders and effect modifiers, and how they interact with the main relationship we model.

2. Interpret the interaction component of a model with a binary categorical covariate and continuous covariate,
and how the main variable’s effect changes.

3. Interpret the interaction component of a model with a multi-level categorical covariate and continuous
covariate, and how the main variable’s effect changes.

4. Interpret the interaction component of a model with two categorical covariates, and how the main variable’s
effect changes.
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What is a confounder?

¢ A confounding variable, or confounder, is a factor/variable that wholly or partially accounts for the observed
effect of the risk factor on the outcome

e A confounder must be... N O T

= Related to the outcomeY, but not a consequence of Y

= Related to the explanatory variable X, but not a consequence of X @ Cont

Confounder

. . A iation?
l Varlable(t))(l;In’ferest I‘ ssociation > Outcome (Y)

< —>
FLR Shrepats LE

of 5
assoc .
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Including a confounder in the model
g 5 confounder
¢ |n the following model we have two variables, X anc@

\(—’p”+1gxl\ \YEBO @ 1+ B2 Xo + € LE— =’[;70 +[gl FLR

— + B, FS +¢
* And we assume that every level of the confounder, there is parallel slopes L

e Note: to interpret_ﬁl., we did not specify any value of X5: only specified that it be held constant  F20d
’:\*

—

. . . . V3
= |[mplicit assumption: effect of X7 is equal across all values of X5 J IDFL?—

¢ The above model assumes that X7 and X5 do not interact (with respect to their effecton Y)

= epidemiology: no “effect modification”

= meaning the effect of X is the same regardless of the values of X

S\ope
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Where have we modeled a confounder before?

* We have seen a plot of Life expectancy vs. female
literacy rate with different levels of food supply
colored (Lesson 8)

80- o %

» FoodSupplykcPPD
¢ |Inour plot and the model, we treat food supply as a > 7o- 4000
2 ke { 3500
confounder g o\
L 3000
¢ |f food supply is a confounder in the relationship & 2500
between life expectancy and female literacy rate, then_'—36°' 2000
we only use main effects in the model:
50~ T
LE = By + 5iFLR + BoFS + € : *

1 1 1
25 50 75 100

- - T FemaleLiteracyRate
.
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Poll everywhere question 1

Join by Web  PollEv.com/nickywakim275

If X is a continuous variable, and we are interested in the relationship
between Y and X1, which of the following pictures shows X5 as a

I

'jn red or 9reen .
o | &

// /’"

()
//e{-kut modifiey (i

offect /(vwi' confoundar




What is an effect modifier?

¢ An additional variable in the model

= Qutside of the main relationship between Y and X;
that we are studying

¢ An effect modifier will change the effect of XjonY
depending on its value

= Aka: as the effect modifier’s values change, so does
the association between Y and X

= So the coefficient estimating the relationship
between Y and X; changes with another variable

Interactions
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How do we include an effect modifier in the model?

¢ |Interactions!!

e We canincorporate interactions into our model through product terms:

Y = By + B1 X1 + BaXo + B3 X1 Xo + €

ain, ‘
e Terminology: m e;CFecjg Interacthon

= main effect parameters: Bli 122
o The main effect models estimate themmg_etXl and X effects

= interaction parameter: 53 i %/D’\)—DL 'U)Cﬁwv-ao Vs O{’ WS

=
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Types of interactions / non-interactions
tude

e Common types of interactions: - [NC hagint X, can ‘red or gqreen
A~ J ame Cng k¥ J

] 1 . n
Synergism: X5 strengthens the X effect CDY\‘PDM N
= Antagonism: Xy weakens the X effect

-{:\i}o of Sign NCs /
X<

e If the interaction coefficient is not significant
—_—

= No evidence of effect modification, i.e., the effect of X
X, d t ith X ' %y
1 oesp\o v::aryW| 9 O\V\‘\"ﬂljovu’f <
By is O N
e |f the main effect of X5 is also not significant
= No evidence that X is a confounder Nno X, nee ol
AT ALL
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Learning Objectives

1. Define confounders and effect modifiers, and how they interact with the main relationship we model.

2. Interpret the interaction component of a model with a binary categorical covariate and continuous

covariate, and how the main variable’s effect changes.

3. Interpret the interaction component of a model with a multi-level categorical covariate and continuous
covariate, and how the main variable’s effect changes.

4. Interpret the interaction component of a model with two categorical covariates, and how the main variable’s
effect changes.
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Do we think income level is an effect modifier for female literacy rate?

e Let’s say we only have two income groups:

low income and high income

e We can start by visualizing the
relationship between life expectancy and
female literacy rate by income level

e Questions of interest: Is the effect of
female literacy rate on life expectancy

epending onincome level?

= This is the same as: Isincome level is an
effect modifier for female literacy rate?

e Let’srun aninteraction model to see!

Life expectancy vs. Female Literacy Rate

80-
T
(]
g
-~ )
>
<) Income levels
g = |ower income
] = Higher income
o O ——
3 60-
2
|
[ ]
50-

25 50 75 100
Female Literacy Rate (%)
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Model with interaction between a binary categorical and continuous
variables
Model we are fitting:

—> LE = By + B1FLR + B2I(high income) + B3F LR - I(high income) + €
Main effects S intract oo

o LFE aslife expectancy

e 'L R as female literacy rate (continuous variable)

—

o I(high income) as the indicator that income level is “high income” (binary categorical variable)

—

InR:
1 m int inc2 = (LifeExpectancyYrs -~ FemaleLiteracyRate@income levels2 +
2 FemalelLiteracyRate*income levels2, data = gapm sub)
OR
1 m int inc2 = (LifeExpectancyY¥rs —~ FemaleLiteracyRate*income levels2,
2 data = gapm _sub)

R' Will include main effects
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Displaying the regression table and writing fitted regression equation

{ 1 tid (m_int inc2, conf.int=T) %>% () %>% (table.font.size = ) $>%
A term estimate std.error statistic p.value conf.low conf.high
f“'l—f&r.} ,Ba ’ (Intercept) 4.84P 2.846 19.270 0.000 49.169 60.529
main 2\\1 * FemaleLiteracyRate 0.156 0.039 3.990 0.000 0.078 0.235
main 163. «income_levels2Higher income -16.649 15.364 -1.084 0.282 -47.308 14.011

inmv '@\ « FemaleLiteracyRate:income_levels2Higherincome 0.228 0.164 1.392 0.168 -0.099 0.555
/a(_.ol 3

LE =By + BLFLR + BoI (high income) + BsFLR - I (high income)

LE =54.85 4 0.156 - FLR — 16.65 - I(high income) + 0.228 - FLR - I(high income)
) S /—
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Poll Everywhere Question 2 By FLR - T (highine) ?fc,ulsuf;zﬁw

rBased only on the coefficient estimate for the interaction ter. What can we say about female literacy 7 16 11

rate's effect? i +O

=1
¢ Bis pu

Fgmale literacy rate's effect is strengthened for cou ntries W|th high income (compared to low income).
T

Female literacy rate's effect i%or countries with high income (compared to low income).

Female literacy rate's effect is strengthened for countries with low income (compared to high income).

/\el'vww 9 (9;
Inverzelsign =
A Whew ™ eopnp Toto Weakesz
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Comparing fitted regression lines for each income level

—> LE =By + BFLR + Bl (high income) + B3FLR - I(high income) — €921 0L

LE =54.85+ 0.156 - FLR — 16.65 - I(high income) + 0.228 - FLR - I(high income)

For lower income countries: I (high income) =:= 0

For higher income countries: I (high income = 1

LE =B+ Bi.FLR + ﬁ@* BsFLR @

LE =54.85 + 0.156 - FLR‘— 16.65 - 0+
L —N
0.228 - FLR -0

i=54.85¢+ 0.156 - “

LE —By ¥ BIFLR A LR D)
MFLM 16.65 {1}
0.228 - FL

16 65 - 1)+
(0.156 - FLR + 0. 228 FLR-1)

_” W%LR

LE =38.2 —|— 0.384- FLR

/\




Let’s take a look back at the plot —/ —~ —

Life expectancy vs. Female Literacy Rate

For lower income countries: I (high income) = 0

Life expegtancy (years)

intercpt \o\u

LE —Kﬁo + 52] + iﬁl + 53]FLR

LE =(54.85 — 16.65) + (0.156 + 0.228) - FLR

25 50 L& 100
Female Literacy Rate (%)

Income levels = Lower income = Higher income
—

/ 0 (
A main effect for
B.+B. FLR ﬁa e 1evel)
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Interpretation for interaction between binary categorical and continuous
variables

By + BLFLR + BI (high income) + B3 FLR - I(high income)
LE = [BO + B, - I(high income)] + 131 + B - I(high income) (@

- —
—~—

i FLR’s effect

Wha e C?C?Ct.‘ct of EFLR

¢ |nterpretation:

mean change in female literacy rate’s effect, comparing higher income to lower income levels
T — < — B

p—

—
= where the “female literacy rate effect” equals the change in mean life expectancy per percent increase in
female literacy with income level held constant, i.e. “adjusted female literacy rate effect”

male literacy rate effect

¢ In summary, the interaction term can be interpreted as “difference i
. . . . ,’ ’ — —
comparing higher income to lower income levels (

e It will be helpful to test the interaction to round out this interpretation!! we ¢ h// na e marn

eftect for c. leved

Interactions
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Test interaction between binary categorical and continuous variables

» We run an F-test for a single coefficient (33) in the below model (see lesson 9, MLR: Inference / F-test)

~> LE = By + B1FLR + B2I(high income) + B3FLR - I(high income) + €

Alternative H;

Null / Smaller / Reduced model Alternative / Larger / Full model

LE =py+ B1FLR + B5I(high income)+ LE =py+ B1FLR + B5I(high income)+

€ 7 ,F\? gone LR - I(high income) + €

* I’'m going to be skipping steps so please look back at Lesson 9 for full steps (required in HW 4)



Test interaction between binary categorical and continuous variables

[ ] i .
Fit the reduced andf_ull model macin e e T
1 m_int_in= (LifeExpectancyYrs -~ FemaleLiteracyRate + income levels2,
2 data = gapm sub) o
3 m_int_inc@= (LifeExpectancyYrs ~ FemalelLiteracyRate + income levels2 +
4 FemaleLiteracyRate*income levels2, data = gapm sub)

e Display the ANOVA table with F-statistic and —value inftraetion
Le . of
L’ COC&' SSUW\ N %’_' -F, Le df.residual rss df sumsq statistic p.value

term
— LifeExpectancyYrs ~ FemaleLiteracyRate + income_levels2 _ 69.000 2,407.667 NA NA
LlfeExpeptancers ~*EemaIeL|teracyRate + income_levels2 + 68.000 2,340.948 1.000 66.71Q
FemaleLiteracyRate * income_levels2
¢ Conclusion: There is not a significant interaction between female literacy rate and income level (p = 0.168).
= If significant, we say more: For higher income levels, for every one percent increase in female literacy rate,
x the mean life expectancy increaseg @ ears. For lower income levels, for every one percent increase in

female literacy rate, the mean life expectancy increases 0.156 years. Thus, the female literacy rate almost
doubles comparing high income to low income levels.

F\//G(. that (nc /’6[/‘0{ S T an ef,[‘(cj' ”’U’”L-
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Learning Objectives

1. Define confounders and effect modifiers, and how they interact with the main relationship we model.

2. Interpret the interaction component of a model with a binary categorical covariate and continuous covariate,

and how the main variable’s effect changes.

3. Interpret the interaction component of a model with a multi-level categorical covariate and continuous

covariate, and how the main variable’s effect changes.

4. Interpret the interaction component of a model with two categorical covariates, and how the main variable’s

effect changes.

Interactions 27



Do we think world region is an effect modifier for female literacy rate?

e We can start by visualizing the
relationship between life expectancy and
female literacy rate by world region

¢ Questions of interest: Does the effect of
female literacy rate on life expectancy
differ depending on world region?

World Regions

= Africa

= Americas
= Asia

= Europe

= Thisis the same as: Is world regionis an
effect modifier for female literacy rate?

Life expectancy (years)

e Let’srun aninteraction model to see!

50-
[ )
25 50 75 10

Female Literacy Rate (%)

WR s efftet mod for FLR 4 LE

BXplamr/aky, owt come
var

( vanable of
(n#m&f)
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Model with interaction between a multi-level categorical and continuous
variables AFTICR: porent

i (e
Model we are fitting: .
° / main effecfs

LE =py+ B1FLR + B2I(Americas) + f3l(Asia) + S4I(Europe)+
BsFLR - I ( Americas) + B¢F LR - I(Asia) + 7FLR - I(Europe) + ¢
nferactions

o LFE aslife expectancy
o 'L R as female literacy rate (continuous variable)

o I(Americas), I(Asia), I(Europe) as the indicator for each world region

[Inr:

1 m int wr

(LifeExpectancyYrs ~ FemaleLiteracyRate + four regions +

2 FemaleLiteracyRate*four regions, data = gapm sub)
OR nteractione

1 m int wr = (LifeExpectancyY¥rs ~ FemaleLiteracyRate*four regions,
2 data = gapm _sub)




Displaying the regression table and writing fitted regression equation

{ 1 3(m_int_wr, conf.int=T) %>% () %>% (table.font.size = ) %>%
term estimate std.error statistic p.value conf.low conf.high
(Intercept) 58.225 3.377 17.240 0.000 51.478 64.972
FemaleliteracyRate 0.051 0.053 0.957 0.342 -0.055 0.157
four_regionsmericas g17.913 ~0.134 0.894 -38.191 33.379
four_region 2283 5410 0.422 0674 -8525 13.091
four_regions‘@ 63.628 46.414 1.371 0.175 -29.095 156.350
FemaIeLiteracyRat@)ur_regionsAmericas 0.164 0.197 0.830 0.410 -0.231 0.558
FemaIeLiteracyRat@our_regions:Aﬂa_ 0.061 0.073 0.830 0410 -0.086 0.208

FemaIeLiteracyRat@our_regionsEurope -0.519 0.476 -1.090 0.280 -1.471 0.432

LE =B, + B, FLR 4—‘ (Americas) + BsI (Asia) + Bul( Europe)+
BsFLR - I(Americas) + B¢FLR - I(Asia) + BrFLR - I(Europe)

LE =58.23 + 0.051 - FLR — 2.41 - I(Americas) + 2.28 - I(Asia) + 63.63 - I(Europe)+
0.164 - FLR - I(Americas) + 0.061 - FLR - I(Asia) — 0.519 - FLR - I(Europe)

VV\O\’ "'bl -‘-' < q'ﬂ Interactions



Comparing fitted regression lines for each world region

LE =By + BLFLR + BoI(Americas) + B3I (Asia) + B4I(Europe)+
—~ —~ A
BsFLR - I(Americas) + BFLR - I(Asia) + f7FLR - I(Europe)

LE =58.23 FLR — 2.41 - I(Americas) + 2.28 - I(Asia) + 63.63 - I(Europe)+
0.164 - FLR - I(Americas) + 0.061 - FLR - I(Asia) — 0.519 - FLR - I(Europe)

I [T N T

LE J_Bo + ElFLRXL

Br 0+ By 04
Bs-0+ BsFLR - 0+
BeFLR -0+ BiFLR-0_

| IE —f ﬁﬁlﬁﬂ,

FLR Slope
Fov  connrtyies
tw Afnca m@iov\

fEZ(E{) +
(B @ LR |

LE =By + BiFLR+

~ -
BeFLR -0+ B;FLR-0

LE =By + BiFLR+
Ba-0+PBs- 14
—~ - ~ —
By '9_+ BsFLR - 0+
BeFLR -1+ B;FLR -0

fE:(EO +
(B1 + Bs)FLR

Interactions

LE =By + BiFLR+
By- 0+ B3+ 0+
Bi-1+ BsFLR -0+
BeFLR-0+ B;FLR -1
LE = (Bo + 34) +
(B + Br)FLR

31



Poll Everywhere Question 3 8, + iVl‘\'tvctpL;oVﬁﬁ%Qpp rgression \ine

S ~
+ LR. What is the

L S\opd \* Ta Centered wowld be @
or every 1% increase in female literacy rate, the mean difference in life expectancy in Europe is -0.468 years. 81% FLR

0% !
, LR, ° tnstead of
= moir effect for F o
@ for every 1% increase in female literacy rate, the méan difference in life expectancy in Europe is 0.051 years. 0
\\,_// [

0%
. . ’ \
@ 121.86; Jhe mean life expectancy in Europe when female literacy rate @ 121.86 year:
——" S

The mean life expectancy in Europe when female literacy rate is 0% is 58.23 years.
ﬁo not intorceyt for Ewyope
~_ _ P ——

0%

0%
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Centering continuous variables when we are including interactions

e For Europe, the mean life expectancy had a regression line with a large intercept

LE Z(Bo + 34) + (31 + B?)FLR
LE =(58.23 4 63.63) + (0.051 — 0.519)FLR
~—> LE =121.86 — 0.468FLR

————

¢ Centering the continuous variables in a model (when they are involved in interactions) helps with:

= Interpretations of the coefficient estimates
g — ==

= Correlation between the main effect for the variable and the interaction that it is involved with

o To be discussed in future lecture: leads to multicollinearity issues
—————
e Other online sources about when and when not to center:
= The why and when of centering continuous predictors in regression modeling]

= When not to center a predictor variable in regression

Interactions @ 33


https://www.goldsteinepi.com/blog/thewhyandwhenofcenteringcontinuouspredictorsinregressionmodeling/index.html
https://www.theanalysisfactor.com/when-not-to-center-a-predictor-variable-in-regression/

It’Ll be helpful to center female literacy rate

e Centering female literacy rate: C FL R
- X ~-C
FLR*=FLR - FLR Lo

e CenteringinR: E can Odgon median

1 gapm sub = gapm sub %>%
2 = FgmaleLiteracyRate - (FemaleLiteracyRate))

¢ I'm going to print the mean so | can use it for my interpretations

‘ 1 (mean FLR = (gapm_subSFemaleLiteracyRate)) ‘

[< 82.03056 )

e Now all intercept values (in each respective world region) will be the mean life expectancy when female
literacy rate i€ 82.03% o

e We will used cente{dFLR for the rest of the lectures on interachons

Interactions @ 34




Now we refit the model with the centered FLR

1 m int wr flrc = (LifeExpectancyYrs ~ FLR c*four regions,
2 data = gapm _sub)
3 (m_int wr flrc, conf.int=T) %>% () %>% (table.font.size = ) $>%
term estimate std.error statistic p.value conf.low conf.high
—> (Intercept) 62.387 1.626 38.358 0.000 59.138 65.637
FLR_c 0.051 0.053 0.957 0.342 -0.055 0.157
9' o —> four_regionsAmericas 11.032 2918 3.781 0.000 5.203 16.862
D\‘\' 81\19 —> four_regionsAsia 7.287 2.042 3.568 0.001 3.207 11.367
63’ ,/O ——> four_regionsEurope 21.038 7.698 2.733 0.008 5.659 36.417
Q\’ Q:;M FLR_c:four_regionsAmericas 0.164 (1%7 0.830 0.41
<<\/ FLR_c:four_regionsAsia 0.061 0.073 0.830 0.41
- —
FLR_c:four_regionsEurope @ -0.519 0.476 -1.090 0.28
— —

¢ What changed? What stayed the same? What’s the new intercept for Europe? -

Interactions

Not effected 173 W{'ng@ e o
b/c shll

'n FLR

for eveny 17 e @



Interpretation for interaction between multi-level categorical and
continuous variables

LE =By + BLFLR + BoI (Americas) + BsI (Asia) + Byl (Europe)+
BsFLR - I(Americas) + B¢FLR - I(Asia) + B,FLR - I(Europe)

LE =|Bo + BoI(Americas) + B3I (Asia) + B4l (Europe)] +

7 p -
I (Americas) @) (Asia) I (Europe)} FLR

g

QLR et i# Bs By ar O, fhen
FLR'S ef-,ccc-t- DOES NOT

. . . o Charge ] Fegron
= 35 =mean change in female literacy rate’s effect, comparing countries in the Americs to countries’in Africa
— _——— — e —

¢ |nterpretation:

— ——

» 3¢ = mean change in female literacy rate’s effect, comparing countries in Asia to countries in Africa
» 37 =mean change in female literacy rate’s effect, comparing countries in Europe to countries in Africa

¢ |t will be helpful to test the interaction to round out this interpretation!!

eeeeeeee
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SO LOM B I £ >

Do we think world region is an effect modifier for

e We can start by visualizing the
relationship between life expectancy and
female literacy rate by world region

¢ Questions of interest: Does the effect of
female literacy rate on life expectancy
differ depending on world region?

= This is the same as: Is world regionis an
effect modifier for female literacy rate?

e Let’s run an interaction model to see!

WR s

| ‘I 10‘
etfeet wmed for FLR oo LE

male literacy rate?

Eupope :

Life expectancy vs. Female Literacy Rate

7 \ 'Y 3 r
5. \ S ‘ /o (hc 1A
~ 1>¢ ] FLR, thert
%70- World Regions d£ C;;C a% ,'n
2 = Africa
3 2 A Iife exp.
%60' = Europe

> for 1% ne in FLR,
Husre [€ o<
pOS. rncreovg€
In| Life exp-

50-

25 50 75
Female Literacy Rate (%)

owt come

€Xplana'lm?
var

( vanable of
(nf-mn‘)
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Test interaction between multi-level categorical & continuous variables

» We run an F-test for a group of coefficients (35, B¢, B7) in the below model (see lesson 9)

LE =py+ B1FLR + B2I(Americas) + B3I (Asia) + S, (Europe)+
(BsFLR - I(Americas) LR . I(Asia) LR . I(Europe) + ¢

Alternative H;

By =B =P7=0 50 and/or B¢ # 0 and/or 87 # 0

——

LE =5y + B1FLR + BoI(Americas)+ LE =py+ B1FLR + BoI(Americas) + B3I (Asia)+
BsI(Asia) + B4I(Europe) + € B4I(Europe) + BsFLR - I(Americas)+
BeFLR - I(Asia) + B7F LR - I(Europe) + €




Test interaction between multi-level categorical & continuous variables
lesson 9: F-test

¢ Fit the reduced and full model

—
1 m int wr red = (LifeExpectancyYrs ~ FLR c¢ + four regions,
2 data = gapm sub) e -
3 m_int_w@= (LifeExpectancyYrs ~ FLR c + four regions+
4 FLR c*four regions, data = gapm sub)

S e e—
* Display the ANOVA table with F-statisticand p-value ~ xnoya (m_ mt—-wr. Nd) Mo intT_wr
fidl)

term df.residual rss df sumsq statistic p.value

LifeExpectancyYrs ~ FLR_c + four_regions 67.000 1,705.881 NA NA NA 7 A
LifeExpectancyYrs ~ FLR_c + four_regions ,IIR_C * four_regions) 64.000 1,641.151 3.000 64.731( 0.841 (@

e Conclusion: There is not a significant interaction between female literacy rate and-inseme-texnel (p = 0.478).

world re (7 fore

L WR 1S 1wl an effect moditirer
of FLK on LE.
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Learning Objectives

1. Define confounders and effect modifiers, and how they interact with the main relationship we model.

2. Interpret the interaction component of a model with a binary categorical covariate and continuous covariate,
and how the main variable’s effect changes.

3. Interpret the interaction component of a model with a multi-level categorical covariate and continuous
covariate, and how the main variable’s effect changes.

4. Interpret the interaction component of a model with two categorical covariates, and how the main variable’s

effect changes.
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Do we think income level can be an effect modifier for world region?

 Taking a break from female literacy rate to Life expectancy vs. World Redion ~ m w |4 [¢yre /
demonstrate interactions for two categorical
variables

e We can start by visualizing the relationship between
life expectancy and world region by income level

e Questions of interest: Does the effect of world region
on life expectancy differ depending on income level?

@ Lower income
@ Higher income

{Income level - b)'l’laha

Life expectancy (years)

= This is the same as: Is income level an effect
modifier for world region?

) . . 50_
e Let’s run aninteraction model to see!

Africa i i Eurbpe
World Regions 3
—_—"
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Model with interaction between a multi-level categorical and continaous
variables b/'namd,l

Model fitting: :
odel we are fitting main etLects
LE =By + B (high income) + B2I(Americas) + B3I (Asia) + B4I(Europe)+
Bs - I(high income) - I(Americas) + B¢ - I(high income) - I(Asia)+

B7 - I(high income) - I(Europe) + €

interacteng
. .I;E, as life expectancy

o I(high income) as indicator of high income

o I(Americas), I(Asia), I(Europe) as the indicator for each world region

e ———
InR:
1 # gapm sub = gapm sub %>% mutate(income levels2 = relevel(income levels2, ref = "Hi
2
3 m int wr inc =®ifeExpectancers ~ income levels2 + four regions +
4 income levelsZ*four regions, data = gapm sub)
5 m int wr_inc = (LifeExpectancy¥rs - income levels our_ regions,
6 data = gapm_sub)
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Displaying the regression table and writing fitted regression equation

{ 1 (m _int wr inc, conf.int=T) %>% () %>% (table.font.size = ) %>%
term imate std.error statistic p.value conf.low conf.high
W\'\'e ru,Pt —> Jlntercept) @ 1.281 47.488 0.000 58.290 63.410
income_levels2Higher income 2.100 2865 0.733 0.466 -3.624 7.824
. four_regionsAmericas 10.800 3.844 2.810 0.007 3.121 18.479
VV\a" V' e%&(’h four_regionsAsia 7.4?7 1.957 3.815 0.000 3.556 11.377
four_regionsEurope 11.500 2.865 4.014 0.000 5.776 17.224
) income_levels2Higher incomg:fpur_regionsAmericas| 2.640 4.896 0.539 0.592 -7.141 12.421
‘\ I\'I’CVQC"'\OM income_levels2Higher inco % r_regionsAsia 1.543 3.956 0.390 0.698 -6.360 9.447
income_levels2Higher incol g:fpur_regionsEurope 2.382 4.020 0.592 0.556 -5.649 10.412

LE =By +H Bl (high income) 4 BoI (Americas) + BsI (Asia) + Bul (Europe)+
Bs- I (high income) - I(Americas) + Be- I (high income) - I(Asia)+
Bz - I(high income) - I(Europe)

LE =60.85 +(2.10 - I(high income) +10.8 - I(Americas) + 7.47 - I(Asia) + 11.50 - I(Europe)+
2.64 - I(high income) - I(Americas) + 1.54 : I(high income) - I(Asia)+
2.38 - I(high income) - I(Europe)

Interactions



Poll Everywhere Question 4

Life expectancy VS. Wﬂ'ld Region

80- @S & v .
Magnitude and sign of estimate would change B
0% . S S
Magnitude and sign of estimate would not change | T

ﬂea T &

What would happen to our fitted interaction coefficients if we make high income the reference instead?

~
o

0%

Magnitude would change and sign of estimate would not change

@ Magnitude would not change &d siEn of estimate would chan;e )

e e, —7 =0
© (\OW INComeIp a.in et 4ects 50 i
LE =By + b1 +p 2I=(___Amerlcas + B3l ASla’ 4;@@ i Africa Xr?gricas ’;\‘s'ia’ Europe
ﬁ% egion: T

Bs - I @ income) - I(Americas) + B - I( income) - I(Asia)+
Br - I(li:gh irfcome) : I(Ej)urOPe) te Low \/7 Income level
. interachéns moctthin T (lower
4o tie Plot inconv)  T( higher

Mmconre

0%

Z
i] -oa"

Life expectancy (years)

0%

il
@@@ 5
o)

'8
>
g
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Comparing fitted regression means for each world region

LE =B, + BiI(high income) + 3] (Americas) + B3I ( Asia) + B4 (Europe)+
e —

Bs - I(high income) - T (Americas! + B¢ - I(high income) - I(Asia)+
By - I(high income) - I(Europe)
LE =60.85 + 2.10 - I(high income) + 10.8 - I(Americas) + 7.47 - I(Asia) 4 11.50 - I(Europe)+
2.64 - I(high income) - I(Americas) + 1.54 - I(high income) - I(Asia)+
2.38 - I(high income) - I(Europe)

— —
LE ,30 + 61I high income)-+ LE ,30 + 51I (high income)+ LE —BO + Bl I(high income)-+ LE :EO + BlI (high income)+
@ﬂ3@+ﬁ4 ﬂ@ﬂs 0+ By- 0+ B - 0+53®rﬁ -0+ B 0+ B30+ By 1+
BsI (high income) @ BsI (high income) ﬁ— ,35I high income) - 0+ BsI (high income) - 0+
,36I (high income) Oi ,/B\GI (high income) - 0+ ,86I high income )@ EGI (high income) - 0+
B7I(high income) 0 B;I(high income) - 0 high income) - 0 B7I(high income) - 1
LE ,EO  (high income) LE 3: LE = LE :(BO + By)+
L = = / @} high income) \, (high income) (Bl @ (high income)

\\Mcrwpt for 'M\%
e Fwericay AN CAS

Interactions

45



~» Comparing fitted regression means for each income level

LE =B, + BiI(high income) + 3,I(Americas) + B3I (Asia) + B,I(Europe)+ L_V
Bs - I(high income) - I(Americas) + 3 - I(high income) - I(Asia)+
B; « I(high income) - I(Europe)

LE =60.85 + 2.10 - I(high income) + 10.8 - I(Americas) + 7.47 - I(Asia) 4 11.50 - I(Europe)+

2.64 - I(high income) - I(Americas) + 1.54 - I(high income) - I(Asia)+
2.38 - I(high income) - I(Europe)

IO“I]’

For lower income countries: I (high income) = 0

LE =By+ B1-0+ BoI (Americas) + BsI (Asia) + Bl (Europe)+
Bs-0- I(Americas) + Bs-0- I(Asia) + Br-0- I(Europe)

@é@ @; (Americas) + B3I (Asia) + B (Europe)

For higher income countries: I (high income) = 1

LE =By + By + 1 + BoI(Americas) + B3I (Asia) + B,I(Europe)+

Bo: : J(Americas) + Be-1-1 (Asia) + Br-l:1 (Europe)
+ B+ B (Americas) + (B + Bo) (Asia) +
(B + Pr)I (Europe)

Tha I‘hwz/mcas ef—FcC:(' M,«[Hce eXﬁfc/‘lLe%y_

JNCreas?s ,65-

([Ow [(n e
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Let’s take a look back at the plot

For lower income countries: I (high income) = 0

_E’E_ =By + Bol (Americas) + BsI (Asia)+
B.I(Europe)

For higher income countries: I (high income) = 1

) + (Bs @I (Americas)+

(Asia) + (/5\4 37)1 (Europe)

e Xt Prac,ﬁc,ct switch
ihe lewl on x| map to w%l

cont = conbinuows jhcopw

Life expectancy vs. World Region

80_ ° -, °

e o
—_~ L]
7]
E °
o 70-
> °
N
>
2 %o
g 7
O
@ 4
© 60- 3
':g °
- ®

% °

50-
0 - Africa Americas Asia Eurbpe
World Regions
Income level € Lowerincome €@ Higher income
(ot so (O
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Interpretation for interaction between two categorical variables

LE =By + B - I(high income) + B5I(Americas) + B3I (Asia) + B4I(Europe)+
Bs - I(high income) - I(Americas) + 3 - I(high income) - I(Asia)+
By - I(high income) - I (Europe)

—_—

LE = BO + Bl - I'(high income) | + [ﬁz + ,85 I (high incom )} I(Americas)+

—

- . O to 1:
Bg + //8\6 - I'(high income) | I (Asia) + {34 J@ (high Wope Cha Vl%}

in gur'
| — v effect
e Interpretation: fon'S EIM'OP&‘I effect on mean
= 31 =mean change in the Afrlcats Ife expectancy, comparing high income to low income countries Iife
— —_— >
= 35 =mean change in the Americas’ sggct comparing high income to low income countries -cxp.(,c:F ~
= B¢ = mean change in Asia’s effect, Comparing high income to low income countries DLW‘?-
fon’s

= 3;=mean changein Eu%e s effect, comparing high income to low income countries

nglfhf
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Test interaction between two categorical variables

e We run an F-test for a group of coefficients (35, B¢, 37) in the below model (see lesson 9)

LE =By + B1I(high income) + Sl (Americas) + fsI(Asia) + B4 (Europe)+
Bs - I(high income) - I(Americas) + S - I(high income) - I(Asia)+
B7 - I(high income) - I(Europe) + €

Alternative H;

Bs # 0and/or B¢ # 0 and/or 87 # 0

Null / Smaller / Reduced model Alternative / Larger / Full model

LE =py + B1I(high income) + B2 (Americas)+ LE =p + p1I(high income) + B2 (Americas) + f3I(Asia)+
BsI(Asia) + B4I(Europe) + € B4I(Europe) @ I(high income) - I(Americas)+
I (high income) - I(Asia) (high income) - I(Europe) + €

-tes‘)’ on o 3/1,0—1/70 ot

Coe 117 crents
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Test interaction between mutti<igVel categorical &-eentinueus variables
Two

¢ Fit the reduced and full model

1 m_int_wr_incgred>= (LifeExpectancyYrs ~ income levels2 + four regions, maiy
2 - data = gapm_ sub) 67'7%/07';
3 m int wr inc = (LifeExpectancyYrs ~ income levels2 + four regions + main
4 income levels2*four regions, data = gapm sub )
_ _reg ’ gapm_ ) _ 7. 1_5
¢ Display the ANOVA table with F-statistic and p-value t+ .
/'M-;'O’Q.Cﬁa‘r
term df.residual rss df sumsq statistic p.value
LifeExpectancyYrs ~ income_levels2 + four_regions Kduceog 67.000 1,693.242 NA NA _ NA I}i
)
fLO|1:JerE>r<(|ca>§ic(:)tr?£cers ~ income_levels2 + four_regions + income_levels2 64.000 1,681.304 3.000 11.93 0.928

' word N.Z/'OVI
e Conclusion: There is not a significant interaction between i e and income level (p = 0.928).

P'\/O\,Q> 0.05 then we fal b N,Jodf
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Next time (hourbefore quiz)

Go back to the remaining learning objectives:

5. Interpret the interaction component of a model with two continuous covariates, and how the main variable’s
effect changes.

6. When there are only two covariates in the model, test whether one is a confounder or effect modifier.
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