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Types of interaction terms

F Toieraction terms allow for a type of non-linear elfect. hotween
: St R e U [ TR R A M
variahles.

P Thoey are gselul when the effect of X on ¥ omay depend on oa
dillerent, X or 7Y variable. i

P The interaction term (D« X allows for a diferent Jincar ofTeet

]
between the two groups (the groups defined by £3).

» Both of the variables in the interaction term can be dumrmy
variables (D) x Da), or both of the variables in the interaction
can be continuous (X dod, but the latter situation is
somewhat rave and we do not discuss it here.

Simple example

Figure: Same data iz plotted in both panels. In the righl panel, we uze a
dununy variable £2 1o colour code Lhe dala poinbs, revealing thal there ace
soparate regression lnes for cach group.
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Simple example

To illustrate the usefulness of interaction terms, we use a fake data

zot. The variables are:

# 1 - the dependent variable

P X - an explanalory variable

B 1) - o dummy variable

0

The data is plotted above. Let’s begin by estimating a simple model:

Y=gy +ih X+ D+

Simple example

Tn R we can uae:

i summary {lm{Y¥ ~ X + D}, data=mydata)
- -

1 Coefficients:

Estimate 3td.
{Intercept) -9.67535 oy
1 X .
s D -41.596158 a.

Rosults:

Error
00733
0980T
72883

t value
-4.820
20.304
-6.5305

Pri>|tl}
2.86e-06
< 2e-16
1.86e-09

LR
*
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P by = -0.68, This is the intercept for the £ = 0 group.
b h — 1.99. An increase in X of 1 leads to an average increase in
Y of 1.99. This is the marginal effect of X on ¥

P‘ by = --‘l.ﬁﬂ.l"[‘he £ =1 oroup Y values are .—_1_6_0 less than the

{3 — 0 group, on average. The intercept shifts down by this

(1)

amonnt for the £ — 1 group, so that their intercept is b + b —

-0.68 - 4.60 = -14.25,




Simple example

Figure: Left pancl model (equation 1) uses a dummy variable, which allows
for a different intercept for the two groups. Right pancl model {equation 2]
nses a dummy variable and an interaction term, which allows for a different
intercept and different slope.

Y —fo | X | ED e ¥ =g+ BX +_J2U+:35a.

Simple example

The estimated model is shown in Figure 2 (left panel), The £ = 1
group’s regression line is 4.60 lower. We have two different regression
lines for the two different groups, but they both have the sane slope,
We want them to have different slopes!

Dummy-continuous interaction

Ideally, we would like a separate regression line for the two groups,
since the effect of X on ¥ may differ for the two. We need something
new: an interaction ferm. This will allow for two separate marginal
effects (slopes) for the two groups.

When X is a continuous variable and £ is a dummy variable, ) = X
is a new variable called an interaction term. It allows for the effect of
X on Y to differ between the two groups defined by the dummy.



Dummy-continuous interaction

Putting the infernction term into the model gives us:
Y=y 1| :iX 52D 83(D X |« (2

where 17 x X i3 the interaction term, and is a new variable that is
created by multiplying the other two variables together. To see how
model 2 allows [or lwo separaie lines, consider what the populalion
model is for 77 = U, and separately for 77 = 1.

Population model for D =0
Let’s anbstitute in the valne I — (0 into cquation 2 and get the
population model for the first group:
V=8+HX+ 3000+ 80x X))+«

{3
=!.-'3n 30X e ' =)

I'rom equation 3. we can see that the intercept is Jy and the slope is
.

Yzt % ‘V”: ﬁ}@,{ffe

Population model for

Substituting in the value B =1 inlo equation 2, we gel the
population model Tor the other group:
V=38 | SiX 1301 ] 84l x X | ¢

=(An+ 82+ (3 —3)X +¢ 4)

For the I — 1 gronp, the inlercept is &y 4+ 3, and the slope is 7 + 5.
The marginal offect of X on Y differs by &y between the two groups.

V= fo+ X + ﬂap’s; g.,(;ffx\ i
:ﬁ‘*[gtY "'ﬂ“"ﬂv.x L
=(ﬁ.-ﬂh ¢ M}K + €
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R code for an interaction term

We can include the interaction term by adding the L(‘.rn.l' I(D * I)’Li:r

the 1m () function:

summary {Im{Y ~ X + D + T(D*%X)), data=mydata)
—

Coefficients:

Estimate Std. Error t walue Pr(>|t]|}
{Intercept) 10 T3101 5.923 1.4ec-08 #%*

X 0.58663 OBEEL  11.437 < 2e-16 #=*+

1

a.
s D -47.61600 2.66503 -1B.563 < 2a-16 #%#*
¢« I(D = X) 0.12499 17.052 < 2e-16 #=+
The estimated value of by = 2,13 means thal the effcct of X on YV (the
slope) is 2.13 higher for the D — 1 group. That ia, the cffect of X on
Y is 0.9% for D — 0. and (0.99 + 2.13 — 3.12} for D — 1. The two
different regression lines. with the two different slopes, are shown in
the right p}glel of Figure 2.
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Simple example

Figure: Left pancl model (equation 1) uses a dummy variable, which allows
for a different. intercept for the two groups. Right panal model {equation 2]
uses a dummy variable and an intercetion ferm, which allows for a different
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Ceography in Africa”. by Nunn and Puga (2012). The data is
aviilable rom the authors here. The main variables in the study, for
cach of 170 conntrics, are:

_# . -~ - r . -

B log{G D Ppercap) - log real GDP per capita from 20000 This is
the dependent variable, or g variable.

B rugged - o Tervain Ruggedness Index that measures the amount
of variation in the elevation of a country. [t s & continuous
variable. The higher the ruggedness, the more dillicult the
Lerrain is to traverse. This is the o ovariable.

B A frica - a dummy variable equal to 1f the country s in Africa.
This is the 72 variable.

(¢
IUQ(C-DF) =B, ¢ Birvaned + £ Africa
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= b,

v S <
g
I

-
“w
LY
{1

Lu + Lab + I:n(é‘dx)

be + bX
(borba) L (b~ b+) X

’a’i( = 0.94%663 + 2PN
«~ 3.1




This is the £ variable.

-

lo?(C-DF) = ﬁ. + ﬂ. rngeo‘ + ;x Alrica

£+ /gs Atl?ta"ruwcl + €
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Example: land ruggedness and GDP

P Rugeed terrain hinders trade and productive acrivities, so the
higher the ruggedness of a country, the lower the GDI* (a
negative relationship between @ and ).

» However, the authors argue that the relationship is opposite
[positive] for African countries,

P The rationale is that mgged terrain offered protection from the
glave trades.

B The slave trades hindered future ceonomic development,

» For Alvican connirics, the higher {he ruggedness, the higher the
GDP.

Example: land ruggedness and GDP

The population model iz
log{GDPpercap) = Syt S rugged— 30 A frico+ ds( A frica < rugged) +
—— — ————

Download the data' and use Im() with an interaction term
I{cont africa * rugged):

rug <- read.csv("https://rtgodwin.com/data/rugged. cav")
1 mod <-— lm(log(rgdggc 2000) - rugged + cont_africa + I(

cont_africa + rugged), data-rug)

summary {mod}
e —

YAy per Nunn and Puga (2012), the missing values [or GDP were removed.

s rug ed T L, L = 0. gl fn CDP
s A e L& ? [,r V\cc\—F\Cr:(ﬁ\h (‘cun“r-";

Estimate Sfd. Error t valua Pr(>[t]}

2 (Intercept} 9.22323 0.1396 66.044 < 2e-16 =*#*=+
1 rugged —-{1.202886 0.0773 -2.621 0.00B58 *=+ 1
i cont_atfrica -1.84305 0.2272 -8.572 B.7%e-15 »#» .J T bl’ }
¢ I(cont_africatrugged) 0.39339 \-E-'-f.l_?___i'_gag wL“ ruﬁ?
5 Bignif.codes: 0 f+#=' 0.001 ‘=’ (.01 ‘*' 0.05 ¢.’ ¢.1 ¢ * 1 6 + o_-;q 531
D - 202¢
im Residual standard error: 0.9438 on 166 degrees of freedom = ? GDP
i1 Multiple R-squared: 0.3569, Adjusted R-squared: 0.3453 ~ 20‘[. T
12 F-statistic: 30.71 on 3 and 168 DF, p-value: 7.595e-16 r
Al variables are significant. The estimate -0.20286 meuns thal for l:" ﬂ-Fﬁ‘; an (D"M(”es

cvery inerease in o country's ruggedness o 1, GDP g 2002869 lower
on average. Bol, Alvican countrics are significantly dilferent. The



when Tugged 1 by L

Coefficients:
Estimate S¥d.Error t value Pr(>|tl}
{Intarcapt) 9.22323 0.1396 6B6.044 < 2e-16 *#*
rugged -0.20286 0.0773 -2.621 0.00958 =*=
» cont_africa -1.54805 0.2272 -5.672 B6.7%e-18 **%

®

. I{cont_africa*rugged} C.39339 \_—-_—___

» F-statistic: 30.71 on 3 and 166 DF,

0.1316 2.989

] TNV W

£ wa'l '“97.

Signif.codes: 0 “#**? 0.001 ‘#**? 0.01 %! 0.05 °¢.* 0.1 *° ¢ 1

Residual standard error: O.B438 on 166 degrees of fraedom
Multiple R-squared: ©.3569, Adjusted H-squared: 0©0.3453
p-value: 7.539Be-16

All variables are significant. The estimate -0.20286 means that for
every increase in a country’s ruggedness of 1, GDI is 20.286% lower
on average. But, African countries are significantfly different. The
variable cont_africa * rugged allows for the effect of rugpedness to
be different between the two groups, and it is significant with a
p-value of 0.00323. For African countries. an increase of ruggedness of
I leads to an inerease in GDP of 20,2865 1 39.339% = 19.053%.

Figure: Data is from Nunn and Puga (2012). Log real CDP por capita
[from 2000] for 170 conntries, and a measure of the rggedness of the
terrain in each conntry. A model with a dummy variable for African
countries, and an interaction term with Lhe dumimy and ruggedness, iz
estimatod, The interaction Lerm allows lor o dillerent elleer of dilliewll
torrain ou GDP, depending on whether the country is African or not,

* not Afrlca
| * Africa

b A

E_M:“!: s

=
=
=
o
=
=%
5
o
o
=]
o
™
L
=
c
]

mm wr

for nem-A Leocan CG““‘""""S

J T bl

31
_ 20286 + 0373
2 .’; 2'0'{. 1 ;0\ GDP

I:i: ﬁf}((rmn (wm(u'eg




