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Learning Objectives

This time:

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.

Next time:

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

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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Regression analysis process

Model Selection Model Fitting
-@ng a mo@ * Find best fit line  Evaluation of model fit
e Selecting variables e Using OLS in this class e Testing model assumptions
¢ Predictionvs e Parameter estimation e Residuals
Interpretation e Categorical covariates e Transformations

e Comparing potential
models

¢ |nteractions Influential points

Multicollinearity

Model Use (Inference)

* Inference for coefficients e |Inference for expected Y given X

e Hypothesis testing for coefficients e Prediction of new Y given X
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Recall our data and the main relationship

Life expectancy vs. female literacy rate

80-

N
<

o))
<

Life expectancy (years)

50-

25 50 75 100
Female literacy rate (%)

Lesson 11: Interactions Pt 1



Learning Objectives

This time:

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.

Next time:

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

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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What is a confounder?

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

¢ A confounder must be... Confound
onfounder

(L)

» Related to the outcome Y, but not a

consequence of Y e Cisk factor

= Related to the explanatory variable X,

\ &~
V Association?
but not a consequence of X [ ) exPW‘ > Outcome (Y)
e cfor

¢ Aclassic example: We found an association between ice cream consumption and sunburn!

= |f we adjust for a potential confounder, temperature/hot weather, we may see that the association between
ice and sunburn is not as large

e Another example: We found an association between socioeconomic status (SES) and lung cancer!

= |f we adjust for a potential confounder, exposure to air pollution, we may see that the association between
SES and lung cancer decreases
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Proxies and confounders: the good and the harmful

e This is totally my own tangent
e A proxy variable is used to stand-in or represent another variable that is harder to measure

e Sometimes a confounder can be used as a proxy if it is hard to measure you explanatory variable/variable of
interest

¢ Proxies can be helpful statistically while harmful socially OR helpful for both!

e Examples
= Bad: BMI serving as a measurement for physical health or diet
o Many studies show how harmful, mentally and physically, it is to equate BMI to health
» |nteresting: Using occurrence of online search queries as a proxy for public health risk perception

= Helpful contextualization: Using race as a proxy for systemic racism, and thus a way to identify how to and
who needs resources

e Inour lab, I discuss using sex assigned at birth in our model
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https://pmc.ncbi.nlm.nih.gov/articles/PMC3713924/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8959750/#:~:text=Conceptualizing%20race%20as%20a%20proxy,racialized%20groups%20through%20multiple%20pathways.
https://pmc.ncbi.nlm.nih.gov/articles/PMC8959750/#:~:text=Conceptualizing%20race%20as%20a%20proxy,racialized%20groups%20through%20multiple%20pathways.

Exploratory approach to identifying confounders

1 gapm2 %>% ()
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Including a confounder in the model

* |nthe following model we have two variables, X; and X5

Y = B+ B1 X1 + BaXs + €

\

» Note: to interpret 81, we did not specify any value of X; only specified that it be held constant

¢ And we assume that every level of the confounder, there is parallel slopes x
)
= |mplicit assumption: effect of X is equal across all values of X
e The above model assumes that X7 and X5 do not interact (with respect to their effect on Y))
= Epidemiology: no “effect modification”
= Meaning the effect of X is the same regardless of the values of X5

= This model is often called a “main effects model”
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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-

FoodSupplykcPPD
w4000

¢ |Inour plot and the model, we treat food supply as a
confounder

~
o

3500

3000
e If food supply is a confounder in the relationship

between life expectancy and female literacy rate, then
we only use main effects in the model:

2500

LifeExpectancyYrs

()]
o

2000

50=

LE - BO + /BlFLR + ﬁZFS + € 25 . 50 75 100
W FemalelLiteracyRate

FS as oo confrunaler

COV\‘HMhole§7 we ?(i \oau’mll{,\ liwa ¢
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Poll everywhere question 1

14:18 Wed Feb 12

M 1f $$X_1$$is a continuo X [\)

polleverywhere.com

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

shows X5 as a confounder? X is a categorical variable with two
groups: red and green.

X

eWw

X
Powered by Q Poll Everywhere

>< *l/—\ ):P}; gon'ﬁ

s?;pes dif
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What is an effect modifier? Q/

¢ An additional variable in the model ~(

= Qutside of the main relationship between Y and 1 _p-(:
X that we are studying \ S
Sl of

e An effect modifier will changL: the effectof X;onY | g
depending on its value S| Ope CI’LOLW i

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

= So the coefficient estimating the relationship -PIV*V‘Q C
between Y and X; changes with another variable ‘(.[Z con

e Example: A breast cancer education program %the X -
exposure) that i{much more effective in reducin
breast cancer (outcome)in rural areas than urbanC \ U
areas. % ~— R

T eer

N Nv
S L X
— slopes diee |
BEY
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https://sph.unc.edu/wp-content/uploads/sites/112/2015/07/nciph_ERIC12.pdf

How do we include an effect modifier in the model?

¢ Interactions!!

e We can incorporate interactions into our model through product terms:

lo
y — ﬁo+ﬂlxl+52xz+53@r chonges slope for X vy

e Terminology:

= main effect parameters: 81, B9

@ 3'\/&“ Xz Vﬁo‘Mk_
c,lf\owu?,w rv\-l—eva't @ jlvtl/\ xz, vod

o The main effect models estimate the average X and X5 effects

= interaction parameter: 83
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Types of interactions / non-interactions

e Common types of interactions: (, -«P X Xy can (red or green
= Synergism: X5 strengthens the X effect X B?g O PM X s\( N
\Va
= Antagonism: X weakens the X effect c o"‘&

P30 / /

e If the interaction coefficient is not significant

= No evidence of effect modification, i.e., the effect of

X;d t ith X 3\()\
1 does not vary wi 5 P\NTAC"ON‘S <

e If the main effect of X5 is also not significant %P =0
i 2

= No evidence that X is a confounder
% 8,0

X X

X
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Learning Objectives

This time:

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.

Next time:

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

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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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

¢ Questions of interest: Is the effect of female
literacy rate on life expectancy differ depending
on income level?

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

= “effect of female literacy rate” differing =
different slopes between FLR and LE
depending on the income group

e Let’srun aninteraction model to see!

Life expectancy vs. Female Literacy Rate

[ ]
80- o %,
[ )
: .4
? ‘A2
S % [N
=10 / o
E‘ o ./ 2 Income levels
i) Lower income
5] / ° Hiaher i
g ] o |gier {ncome
‘;)_) @60 // -
: I | [ ]
50-
25 50 75 100

Female Literacy Rate (%)
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Model with interaction between a binary categorical and continuous
y n-

variables o Fer e tow K X,

Model we are fitting: /

LE = By + B1FLR + B21(high income) + B3FLR - I(high income) + €
———

_—

e LFE asoutcome T=0 fr |ow

income conntne §
e 'L R as continuous variable that is our main variable of interest

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

1 m int inc2 = gapm sub %>%
2 (formula = LifeExpectancers<;>FemaleLiterac¥REEE +F£gcome levels2 +
3 FemaleLiteracyRat%g}ncome_ evels?2)
T~
NS
OR :
1 m int inc2 = gapm sub %>%

2 (formula = LifeExpectancyYrs ~ FemaleLiteracyRate*income levels2)
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Displaying the regression table and writing fitted regression equation

1

(m_int inc2, conf.int=T) %>% () %>% (table.font.size = ) %>%
term estimate std.error statistic p.value conf.low conf.high
(Intercept) 54.849 2.846 19.270 0.000 49.169 60.529
FemaleLiteracyRate 0.156 0.039 3.990 0.000 0.078 0.235
income_levels2Higher income -16.649 15.364 -1.084 0.282 -47.308 14.011

FemaleLiteracyRate:income_levels2Higherincome @ 0.228 0.164 1.392 0.168 -0.099 0.555

LE =By + BFLR + le(high income) + B3FLR - I(high income)

LE =54.85 + O 156 - FLR — 16.65 - I(high income) 4 0.228 - FLR - I(high income)
= — I - jntwraction
main eff main effect

for 1M con e
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Poll Everywhere Question 2

14:35 Wed Feb 12 =L ¢ 75% @B

® Lir lo = Ji Based only on the coeffi X ®

& G' polleverywhere.com

Joinby Web  PollEv.com/nickywakim275

Based only on the coefficient estimate for the interaction termf33 = 0.228./What can we say about female
literacy rate's effect? =

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

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

Female literacy rate's effect is strengthened for countries with low

ome (compared to high incdmer.
—

Female literacy rate's effect ir countries with low )
incomefcompared to high income).
——

Powered by @ Poll Everywhere
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Comparing fitted regression lines for each income level

—> LE =By + B, FLR + EzI(high income) + B3FLR - I(high income)

—> TE =54.85+ 0.156 - FLI(high income) + 0.228 - FLR - I(high income)

— (=~ = ‘ 7 - —
Elgﬁﬂ—i—,@lFLR B3FLR @) LB °\1+ﬂ2FLE°1
LE =54.85+0.156 - FLR(— 16.65 - 09 LE =54.85+0.156 - FLI¢ — 16.65 - 1+

- = 0.228-FLR-1
LE =(54.85 — 16.6
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Let’s take a look back at the plot

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

—> LE =B, + B FLR
LE =54.85 + 0.156 - FLR

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

—PLE =(By + B2) + (B + B3)FLR
LE =(54.85 — 16.65) + (0.156 + 0.228) - FLR
LE =38.2+0.384- FLR

Life expectancy vs. Female Literacy Rate

Y (e =SY.9% 0.1StELR
% 70- )
§60-
%50-
o 0.38Y4

40r

[\E = 38.21T0.381 FLR

25 50 75 100
Female Literacy Rate (%)

30-

Income levels = Lower income = Higher income
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Poll Everywhere Question 3

14:43 Wed Feb 12

® 41 Based only on the coef < ®

G polleverywhere.com

Join by Web  PollEv.com/nickywakim275

Use the regression line for high income for this question: fE’ = @54.85@
16.65) H (0.156 + 0.228) F' L R. What is the intercept for the line (we may

omit the 95% Cl for now)? What does it mean?

P 38.2: The mearﬂi@expectanc;@high income count@when female

literacy rate is|0% Js 38.2 years.
92%

Powered by @ Poll Everywhere
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PAUSE: Centering continuous variables when including interactions

e For the high income group, the mean life expectancy had a regression line with a small intercept

LE :(BO + 32) + (31 + B3)FLR
LE =(54.85 — 16.65) + (0.156 4 0.228) - FLR
LE =38.240.384- FLR

e Intercept of 38.2 is misleading because

= Makes you think some of the life expectancies for high income countries are lower than that of low income
countries (depending on the FLR)

= There are no high income countries with FLR less than ~70%
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
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https://www.goldsteinepi.com/blog/thewhyandwhenofcenteringcontinuouspredictorsinregressionmodeling/index.html
https://www.theanalysisfactor.com/when-not-to-center-a-predictor-variable-in-regression/

Centering a variable

e Centering a variable means that we will subtract the mean or median (or other measurement of center) from
the measured value

¢ Mean centered:

e Median centered:
X; = X; — median X

e Centering the continuous variables in a model (when they are involved in interactions) helps with:
= Interpretations of the coefficient estimates [ ¢) hrcjfg‘t

= 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
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It’Ll be helpful to center female literacy rate
e Centering female literacy rate: FLR c _ 0 W FLKL — /:LR

CFLRE = FLRL-—@ =82.083

e CenteringinR:

1 gapm sub = gapm sub %>% o
2 (FLR c = FemalelLiteracyRate - /(FemaleLiteracyRate))

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

‘ 1 (mean FLR :( )gapm_sub$FemaleLiteracyRate)) ‘

82.03056
e Now al aIues (in each respective world region) will be the mean life expectancy when female

literacy rate is 82.03%

e We will used center FLR for the rest of the lecture

Lesson 11: Interactions Pt 1 @ 28




Displaying the regression table and writing fitted regression equation
AGAIN

1 m int inc2 = gapm sub %>%
2 (formula = LifeExpectancyY¥rs ~ FLR c*income levels2)
‘ 1 (m_int inc2, conf.int=T) %>% () %>% (table.font.size = ) %>%
term estimate std.error statistic p.value conf.low conf.high
(Intercept) 69.281 1.387 49.964 0.000 66.514 72.047
FLR_c @0039 3.990 0.000 0.078 0.235
income_levels2Higher income 4405 1.725 2554 0.013 0963 7.848

FLR_c:income_levels2Higher income O.’I64 1.392 0.168 -0.099 0.555

LE :BO -+ ElFLRC + 32[ (high income) + B;;FLRC - I'(high income)

(T8)(69.281) 0.156) FLR® + 4.405 - I(high income) € 0.228) FLR® - I(high income)
G

6=,
<0

s Muan [E Fov [ow inc Couhtrics v/ E R
of §24%.

< CLR
Lesson 11: Interactions Pt 1 N’LM
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Interpretation for interaction between binary categorical and continuous
variables T™HWE  slope = effedt

— EE :EO + BiFLRC + ByI(high income) + B3 FLR’ - I(high

50 =+ 52 (hlgh 1ncome)] + [Bl 4‘3/3 I(high income)
W h ( FLR’s effect ;

|M—wc:101' A~ slop(, +for ELR g e
e Interpretation: v LI: (2 fAr HI: Qo B, L) (;| His \3‘ i P;
B3 = mean change_in female literacy rate’s effect, comparing higher income to lower income levels
o AKA: the change in slopes (for line between FLR and LE) comparing high income to low income

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

e In summary, the interaction term can be interpreted as “difference in adjusted female literacy rate effect

comparing higher income to lower income levels”
e |t will be helpful to test the interaction to round out this interpretation!!

income)

30
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Test interaction between binary categorical and continuous variables

» We run an F-test for a single coefficient (83) in the below model (see Lesson 10, MLR: Using the F-test)

LE = By + B1FLR® + B2I(high income) + B3 FLR® - I(high income) + €

Alternative H;

B3 =0 Bs#0 Tthere 15 pan (ntermetrod

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

LE =By + B1FLR® + B2I(high income)+ | | LE =y + 81 FLR® + 851 (high income)+
o [t ( _ﬁiFLRC . I(high inc@ €

€

* I’'m going to be skipping steps so please look back at Lesson 10 for full steps (required in HW 4)

Ls F-tesf
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Test interaction between binary categorical and continuous variables

¢ Fit the reduced and full model

1 m_int_in (LifeExpectancy¥Yrs FLR c income levels2,

2 data = gapm_sub)
3 m;int_incé::::> (LifeExpectancy¥Yrs FLR c income levels?2
4

@_c income levels2) data = gapm sub)

¢ Display the ANOVA table with F-statistic and p-value

~

term df.residual rss df sumsq statistic p.value
LifeExpectancyYrs ~ FLR_c + income_levels?2 69.000 2,407.667 NA NA NA NA

LifeExpectancyYrs ~ FLR_c + income_levels2 + FLR_c * income_levels2 ~ 68.000 2,340.948 1.000 66.71

e Conclusion: There is not a significant interaction between female literacy rate and income level (p = 0.168).

= |f significant, we say more: For higher income levels, for every one percent increase in female literacy rate,
the mean life expectancy increases 0.384 years. 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.

Lesson 11: Interactions Pt 1
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Learning Objectives

This time:

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. WR. FL R

Next time:

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

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

Lesson 11: Interactions Pt 1

34



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

e We can start by visualizing the Life expectancy vs. Female Literacy Rate

relationship between life expectancy and q 80 >

female literacy rate by world region_ S\DPJ' ° it
— ° 57N
¢ Questions of interest: Does the of © /-
f | I.t t |.f t §70- . /
emale literacy rate on life expectancy ° ., _ % World Regions
. . I . ore
differ depending on world region? g / -O-Qr;]lg?icas
. . . . C = Asia
= This is the same as: Is world region is an fé‘\o Europe
. . w ) 1
effect modifier for female literacy rate? el o,
-
e Let’srun aninteraction model to see!
50-

25 50 75 100
Female Literacy Rate (%)

Lesson 11: Interactions Pt 1
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Model with interaction between a multi-level categorical and continuous

variables
Model fitti P“Fﬂcw
odel we are |ng:/

LE :ii + B1FLR® + B>I(Americas) + BgI(Asia)ﬁ( Europe)+

LR° - I(Americas) @LRC . I(Asia) 4 B7F LR - I(Europe) + ¢

e L F as life expectancy
o 'L R as centered female literacy rate (continuous variable)

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

In R:
1 m int wr = gapm sub %>% (formula = LifeExpectancyY¥rs ~ FLR ¢ + four regions +
2 FLR c*four regions)

OR

‘ 1 m int wr

gapm _sub %>% (formula = LifeExpectancyYrs ~ FLR c * four regions)
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Displaying the regression table and writing fitted regression equation

’ 1 (m_int wr, conf.int=T) %>% () %>% (table.font.size = ) $>%
term A estimate std.error statistic p.value conf.low conf.high
(Intercept) s 62906 2.050 30.680 0.000 58.810 67.002
FLR_c g' 0.051 0.053 0.957 0.342 -0.055 0.157
four_regionsAmericas % 12.706 2.518 5.046 0.000 7.676 17.737
four_regionsAsia 9 7910 2477 3.193 0.002 2962 12.859
four_regionsEurope " 15.732 3.485 4514 0.000 8.770 22.694
FLR_c:four reglonsAmencas 0.164 0.197 0.830 0.410 -0.231 0.558

.x-\- T
FLR_c:four_regionsAsia P 0.061 0.073 0.830 0.410 -0.086 0.208

FLR_c:four_regionsEurope p -0.519 0.476 -1.090 0.280 -1.471 0.432
7

LE =By + B1FLR + /ﬂ\zl(Americas) + BgI(Asia) + §4I(Europe)+
BsFLR - I(Americas) + B¢FLR - I(Asia) + 8;FLR - I(Europe)

LE =62.906 + 0.051 - FLR -+ 12.706 - I(Americas) + 7.91 - I(Asia) + 15.732 - I(Europe)-+
0.164 - FLR - I(Americas) + 0.061 - FLR - I(Asia) — 0.519 - FLR - I(Europe)

Lesson 11: Interactions Pt 1



Comparing fitted regression lines for each world region

LE =By + BiFLR + ByI(Americas) + B3I(Asia) + B4I(Europe)+
BsFLR - I(Americas) + BgFLR - I(Asia) + B;FLR - I(Europe)
LE =62.906 + 0.051 - FLR + 12.706 - I(Americas) + 7.91 - I(Asia) + 15.732 - I(Europe)+

0.164 - FLR - I(Americas) + 0.061 - FLR - I(Asia) — 0.519 - FLR - I(Europe)

I

LE =B, + BiFLR+

o31c)

Bi{(0) BsFLR(O)

BsFLR(O)+ B-FLR(0)
EE :BO + Bl_FLR
KE—7 N /7 %

LE =By + BiFLR+
B Byt
B0+ BsFLR(1)
BeELR 0+ B,ELR™0
LE = @gj‘ﬁz) +
(Bi'+ Bs)FLR

ﬂ-»slopa_

@51 dift in s_(gg«g

COV\AP WA V\%

LE =B, + BiFLR+
By 0+ 33@
Bs-0+ BsFLR -0+
BsFL B:FLR -0

LE =(§0 )+
(B |- Bo)FLR

J
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LE =B, + B FLR+
Bz -0+ B30+
By (L) BsFLR -0+
BsFLR -0+ B;FLR(D)
LE =(B, + B,

—~

~(FLRs effect )
Arevicas o AfCTan
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Interpretation for interaction between multi-level categorical and
continuous variables

LE =By + B1FLR + §2I(Americas) + EgI(Asia) + §4I(Europe)+
BsFLR - I(Americas) + B¢FLR - I(Asia) + B;FLR - I(Europe)

LE =|By + BoI(Americas) + B3I (Asia) + B4I(Europe)-[+

J

B+ Bs - I(Americas) + Bs - I(Asia) + Br - I(Europe)} FLR

A\ 4

Chamﬂ'\w s\ope of FLRy LE
e Interpretation: W% on WR

@= mean change ir@ale literacy rate’sef%omparing countries in the Americas to countries in Africa
= 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

e |t will be helpful to test the interaction to round out this interpretation!!
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Test interaction between multi-level categorical & continuous variables

e We run an F-test for a group of coefficients (85, B¢, 87) in the below model (see lesson 10)

LE =By + B1FLR + B2I(Americas) + B3I (Asia) + B4I(Europe)+
BsFLR - I(Americas) + B¢ F LR - I(Asia) + B7FLR - I(Europe) + €

Alternative H;

5:56 = B =£ Bs # 0and/or B¢ #~ 0and/or B7 £ 0

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

ELE =pBo + B1F LR + B2I(Americas)+ LE #8y + 81 FLR + B2I(Americas) + ,BgI(Asia)—l—j
Europe) + €

BsI(Asia) + B4I( B4I(Europe) —[JB;,FLR - I(Americas)+
BeFLR - I(Asia) + B;FLR - I(Europe) + €

/

= + interactions
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Test interaction between multi-level categorical & continuous variables

¢ Fit the reduced and full model

P

1 m_int_wz@= (LifeExpectancyY¥rs ~ FLR c + four regions, P(F >0.9 />
2 data = gapm_sub) _

3 m_int_w@= (LifeExpectancyY¥rs ~ FLR ¢ + four regions+ =0. 7(0
4 FLR c*four regions, data = gapm sub) ) 27,

¢ Display the ANOVA table with F-statistic and p-value

term df.residual rss df sumsq statistic p.value

LifeExpectancyYrs ~ FLR_c + four_regions 67.000 1,705.881 NA NA

LifeExpectancyYrs ~ FLR_c + four_regionsf+ FLR_c * four_reg@ 64.000 1,641.151 3.000 64.731
|

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

e World region is NOT an effect measure modifier of FLR on LE ( p = (. ‘{ G )
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