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The use of interaction terms in applied political science
research is quite common

Unfortunately, the misuse of interaction terms is nearly as
common
We need to understand:
What is an interaction (or multiplicative term)?
What are some of the most common problems with the use of
interaction terms?
How do we properly model and interpret interaction terms?
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As with most things, theory is a good guide for when to use
interaction terms

If we are going to model an interaction term, some key points
to remember:
Include all constitutive terms
Do not incorrectly interpret constitutive terms
Coefficient estimates for interaction terms rarely tell the whole
story
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Assume that rather than the direct effect of Xy on Y, you are
interested in some conditional relationship
Perhaps you hypothesize that X; will have an impact on Y
when some condition is absent but not if that condition is

present
Or you hypothesize that the impact of X; on Y will be

different across a set of conditions
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Generally, anytime we are interested in conditional
relationship, then we must model an interaction term to
properly test our hypotheses

Failure to do so would result in an underspecified model
unless we account for this in some other way (e.g. subsetting
our data).
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Why Use Interaction Terms

Always follow theory!
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Assume the following (correctly specified) regression equation:
Yi = Bo + B1X1i + BaXoi + B3 X1iXai + ui

Even if we are only interested in the interaction Xi;X5;, we
still MUST include both constitutive terms Xi; and Xo;
For example, modeling the above as simply

Y; = Bo + B3X1iXoj + u; would be incorrecly specified
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Given the correct specification::
Yi = Bo + B1X1i + BaXoi + B3 X1i Xoi + uj

We must remember that we cannot interpret the coefficient
on the constitutive terms as unconditional effect

In the above example, we cannot interpret (31 as the effect of
XiionY;
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Even when properly specified, interpreting the coefficient on
interaction terms can be less than straightforward

The best way to present meaningful quantities of interest
from interactive models is through graphs
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Yi = Bo + BiX1i + B2 Xoi + B3X1iXoi + uj

E(Y:) = Bo + B1X1i + BoXoi + B3X1iXoi
= Po + BaXoi + (B1 + S3X2i) X
= Bo + BaXoi + 1 X1

where 11 = 1 + B3X2;. This means:

9E(Yi)
aX:

= P1 + B3X5;.
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Similarly:

E(Y;) = Bo + B1Xui + (B2 + B3 X1:) Xai
= Bo + P1X1i + 2 Xo;

which implies:

9E(Yi)
89X

= B + [B3X1;.
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If X =0, then:

E(Y;) = Bo + B1Xui + B2(0) + £3X1:(0)
= Bo + B1X1i-

Similarly, for X; = 0:

E(Y;) = Bo + 51(0) + B2Xai + B3(0) X2;
= Bo + B2Xai
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Yi = Bo + B1D1i + B2Doj + B3D1iDoj + uj

we have:

E(Y|Dy =0,D, =0) =
E(Y|Dy =1,D, =0) =
E(Y|Dy=0,D, =1) =
E(Y|Dy=1,D,=1) =

Bo

Bo + B

Bo + B2

Bo+ B1+ B2+ B3
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Yi = Bo + B1Xi + B2Di + B3XiDj + uj

gives:

E(Y|X,D =0) = 8o+ X
E(Y|X,D =1)=(fo+ p2) + (b1 + B3)X

Four possibilities:
B2=pP3=0
P2 #0and 3 =0
B2=0and B3 #0
f2 # 0 and (3 # 0
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Yi = Bo + B1X1i + B2 Xoi + B3X1iX2i + ui.

Implies

DE(Y)
aXi

DE(Y)
9Xa

ﬁ3:0 — :,81VX2 and :ﬂzvxl
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my_data <- readRDS("data/vdeml?2.rd

filter(country_name —— "United States of America™)
rename (democracy = v2x_polyarchy,

gdp_per_capita = e_gdppc,

urbanization = e_miurbani,

polarization = v2cacamps,

polarization_ordinal = v2cacamps_ord) |>
mutate(high_polarization = ifelse(polarization :
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Im(democracy ~ gdp_per_capita + urbanization*as.factor(high_polarizatio
data = us_data)

Tm(democracy ~ gdp_per_capita + urbanization + as.factor(high_polarization) +
urbanization:as.factor (high_polarization),
data = us_data)
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Dependent variable:
democracy
Additive model Interaction model
GDP per capita 0.012%%* 0.012%**
(0.0004) (0-0004)

Urbanization 1.284%%* 1.1809%%*
(0.178) (0.213)

High polarization 0.012 -0.100
(0.009) (0.137)

Urbanization*High Polarization 0.377
(0.460)

0.028

Adjusted R2 0.945 0.944
Residual Std. Error 0.037 (df = 97) 0.038 (df = 96)
isti 569.633%%% (df = 3; 97) 425.944%** (df = 4; 96)

*p<0.1; **p<0.05; ***p<0.01
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ggpredict (my_model, terms = c("urbanization™))

ggpredict(my_model, terms = c("urbanization™)) [> plot(Q +
labs (x = "urbanization", y Democracy™)

| Predicted |

0.52 | [0.48, 0.56]
0.58 | [0.56, 0.60]
0.64 | [0.63, 0.65]
0.70 | [0.67, 0.73]
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ggpredict(my_model, terms — c(*high_polarization™)) |

plot() +
Tabs(x = "High Polarization”, y = "Democracy™)

Predicted values of democracy

High Polarization
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ggpredict(my_model, terms — c("urbanization”, "high polarization™)) |>
plot() +

labs(x - "Urbanization”, y - "Democracy”, color = “High Polarization®) +
theme (Tegend. position - “bottom")

Predicted values of democracy

Urbanization

High Polarization E ] E‘ 1
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my_margins <- mar'g‘lnsw my_mode1)

summary (my_margins)

factor AME SE z p lower upper
gdp_per_capita 0.0121 0.0004 29.0552 0.0000 0.0112 0.0129
high_polarizationl 0.0095 0.0097 0.9751 0.3295 -0.0096 0.0285
urbanization 1.3643 0.2028 6.7278 0.0000 0.9669 1.7618




000000000 e

Application

@ Y =) w©
o © i

uopezue|od-ybiy jo 108ys |euiBiell abelany

0.275
Urbanization

w

o



	Intro
	Why?
	Common Problems
	Modeling
	Application

