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APS 425 – Winter 2009

F i l F dFunctional Form and 

Qualitative Variables

Instructor: G William SchwertInstructor: G. William Schwert
275-2470

schwert@schwert.simon.rochester.edu

Topics

• Transformations to linearity

• Dummy variables

• Interaction variables• Interaction variables
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Transformations to Linearity

Li i h Y i li l l d X X• Linear regression assumes that Y is linearly related to X1, X2, 
etc. with an additive error term

• Scatter diagrams can help us understand whether the variables 
we are considering need to be transformed to create a linear 
relation
– e.g., if we take logarithms of the variables (assuming that they are all 

positive numbers), this implies a constant elasticity relation between Y
and Xand X

log Y = 0 + 1 log X +  =>  Y = 0  X exp()

where log is the natural logarithm and exp(.) is the exponential function

Transformations to Linearity
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Logs as Percent Changes

S h l (Y) i li l l d i bl X• Suppose that log(Y) is linearly related to some variable X

log Y = 0 + 1 X + 

Then the slope coefficient 1 measures the percent change in Y caused by 
a change in X

Fact: log (1 + r)  r for | r | < 15Fact: log (1 + r)  r  for  | r | < .15

To the extent that the distribution of % changes is more likely to have a 
constant variance than the distribution of changes, the log 
transformation can help solve heteroskedasticity problems

Logs as Percent Changes

Logs as approximate percentage 
r ln(1+r) r ln(1+r)Excel function ln( ) is the r ln(1+r) r ln(1+r)

-0.150 -0.163 0.150 0.140
-0.140 -0.151 0.140 0.131
-0.130 -0.139 0.130 0.122
-0.120 -0.128 0.120 0.113
-0.110 -0.117 0.110 0.104
-0.100 -0.105 0.100 0.095
-0.090 -0.094 0.090 0.086
-0.080 -0.083 0.080 0.077

Excel function ln(.) is the 
natural logarithm

-0.070 -0.073 0.070 0.068
-0.060 -0.062 0.060 0.058
-0.050 -0.051 0.050 0.049
-0.040 -0.041 0.040 0.039
-0.030 -0.030 0.030 0.030
-0.020 -0.020 0.020 0.020
-0.010 -0.010 0.010 0.010
0.000 0.000
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Example:
Shipping Boxes

I i h i h f hi i d f• Imagine that you were in charge of a shipping department for 
an on-line retailing firm.  The product you ship via UPS is 
malleable so that it can fit into virtually any shape of box 
(think popcorn)

• You want to have a plan for keeping an inventory of boxes on 
hand that can handle most of your shipping needs (volumes)

• What kinds of factors are likely to affect the volume of boxes?
– Height (H), Width (W), and Length(L)

Example:
Shipping Boxes

Suppose you have 9 
different boxes you 
currently use with 
the following 
dimensions and 
volumes

H W L Volume
4 6 6 144
4 8 4 128
4 12 8 384
6 6 6 216
6 8 4 192volumes
6 12 8 576
8 6 6 288
8 8 4 256
8 12 8 768
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Eviews Regression

It looks like weIt looks like we 
can create a 
pretty good 
regression with 
these data, 
explaining over 
91% of the 
variation in 
volume

Eviews Regression:
Logs

Of course ifOf course, if 
we estimate 
the model in 
logs, we get 
a perfect fit, 
since:

Volume = 
H*W*L
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Message:  It Is Important to 
Think Before Computing!

In this case, recollecting a simple formula (from 7th grade) 
h h l f l i ( k b ) i jwhere the volume of a rectangular prism (aka “box”) is just 

the height times the width times the length:

Volume = H x W x L

would give a perfect solution to the problem.  g p p
Shipping boxes example:

http://schwert.simon.rochester.edu/a425/a425_logs.wf1

Nonlinear Dependent Variables:
Predictions in the multiplicative model

M l i li i d l•Multiplicative model:  Y = 0  X exp()

•Linearized model: log Y = log 0 + 1 log X + 
or, Y* = 0* + 1 X* + 

•Predictors for linearized model: 
•b0* is the OLS estimator for 0* 

•b1 is the OLS estimator for 1
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Nonlinear Dependent Variables:
Predictions in the multiplicative model

P di f l i li i d l•Predictor for multiplicative model: 
b0 = exp(b0*) is the estimator for 0

• Note that b0 is a biased estimator

•Similarly,
log Y = b0* + b1 log X 

^

• is an unbiased estimator of log (Y)

•But:
exp(log Y ) is a biased estimator of Y

[Jensen’s Inequality]

^

Qualitative Variables

• Sometimes you can observe only qualitative or 
categorical information that you may want to use
– Gender of customers

– College graduate?

– Resident of a particular region, city, state?
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Qualitative Variables

• Define a variable = 1 if female, and 0 if male
– Coefficient of this variable in the regression measures the 

difference in the mean for females versus males

– So, the mean for females is the intercept plus the 
coefficient of “FEMALE”

Th f l i th i t t– The mean for males is the intercept

Ciba-Geigy Ritalin Experiment

• Ritalin is tested to see if it helps with Central• Ritalin is tested to see if it helps with Central 
Auditory Processing Disorder (CAPD)
– Similar symptoms to ADD/ADHD

• Experiment:
– Randomly select 64 children

All i dit t t– All receive auditory test

– 32 (control group) receive no drug (or placebo?)

– 32 (treatment group) receive varying doses of Ritalin

– All children are tested a second time
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Ciba-Geigy Ritalin Experiment

• DOSAGE = amount of Ritalin received by child i• DOSAGEi = amount of Ritalin received by child i

• IMPROVEi = child’s 2nd test score – 1st test score
– Dataset A425_ritalin.wf1 also contains:

• AGE of child in months

• Gender  (FEMALE = 1, for girls)

Examples of Dummy Variables:
Ritalin Case

DRUGDUM 1 if ki Ri li 0 h i• DRUGDUM = 1 if taking Ritalin; 0, otherwise

• FEMALE = 1, when female; 0, otherwise

Ritalin example:

http://schwert.simon.rochester.edu/a425/a425_ritalin.wf1
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Interpreting Coefficients 
of Dummy Variables

• Females average 
4.5 points less 
improvement than 
males 

• Kids who receive 
ritalin improve by 
6.3 points more 
than kids who 
don’t

Qualitative Interaction Variables

• Multiply a continuous variable by a dummy variable to allow 
for differences in slope coefficients

• FEMALE*DOSAGE in the ritalin example allows for the 
effect of a mg/kg of body weight of ritalin to be different for 
females than males

• Coefficient of this variable in the regression measures theCoefficient of this variable in the regression measures the 
difference in the slope for females versus males
– So, the effect of a dose of ritalin for females is the coefficient of 

DOSAGE plus the coefficient of “FEMALE*DOSAGE”

– effect of a dose of ritalin for males is the coefficient of DOSAGE
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Original Ritalin Regression

• original 
regression 
shows 12.2 
points of 
IMPROVE for 
each mg/kg of g g
ritalin

Ritalin Regression for Females

• For the females, there is a 0.6 point increase in test score for each 
mg/kg of ritalin
– Not significant, but lower than the base result
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Ritalin Regression for Males

• For the males, there is a 16.5 increase in test score for each mg/kg 
of ritalin
– Thus, it seems that the benefits of ritalin are limited to boys

Interpreting Coefficients 
of Interactive Dummy Variables

• Note the constant, C, 
and the coefficient ofand the coefficient of 
DOSAGE are the same 
as for the males only 
regression

• Note the constant plus 
the coefficient of 
FEMALE equals the 
constant for the females 
only regression

• Note the sum of theNote the sum of the 
coefficients of 
DOSAGE and 
FEMALEDOSAGE 
equals the coefficient of 
DOSAGE for the 
females only regression
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Links

Return to APS 425 Home Page:

http://schwert.simon.rochester.edu/a425/a425main.htm


