Simple Linear Regression: John McGready

Strength of Association

= The slope of a regression line estimates the magnitude and direction
of the relationship between y and x; it encapsulates how much y
differs on average with differences in x

= The slope estimate and standard error can be used to address the
uncertainty in this estimate with regards to the true magnitude
and direction of the association in the population from which the
sample was taken from

Section E
= Slopes do not impart any information about how well the regression
) . L line fits the data in the sample; the slope gives no indication of how
Measuring the Strength of A Linear Association close the points get to the estimated regression line
Strength of Association Example: Arm Circumference and Height
= Another quantity that can be estimated via linear regression is the = How close do the points get to the line: can we quantify?

coefficient of determination, R?
— This is a number that ranges from 0 to 1, with larger values
indicate “closer fits” of the data points and regression line

Arm Circumference and Height
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= RZ measures strength of association by comparing variability of ¢
points around the regression line to variability in y-values ignoring x .
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Example: Arm Circumference and Height Example: Arm Circumference and Height
= (SR1 flashback) the sample standard deviation of the y-values = “Visualization” on the scatterplot
ignoring the corresponding potential information in x is
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Simple Linear Regression: John McGready

Example: Arm Circumference and Height

= Standard deviation of regression, referred to as root mean square
error is “average” distance of points from the line: how far on
average each y falls from its mean predicted by its corresponding
x-value

:2(|‘ -3)
s,,o=|"
! \ n=2

Example: Arm Circumference and Height

= Each distance is y — 7 = '~ (f§, + B,x): this is computed for each
data point in the sample

Arm Circumference and Height
150 Nepali Children < 12 Months
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Using Stata: Arm Circumference and Height

= regress command in Stata gives s,

rmeirc height

Example: Arm Circumference and Height

= Ifs=s,,, then knowing x does not yield a better guess for the mean
of y than using the overall mean v (flat regression line)

= The smaller s, is relative to s, the closer the points are to the
regression line

= R? functionally measures how much smaller s, is than s: as such it
is an estimate of the amount of variability in y explained by taking x

into account

Using Stata: Arm Circumference and Height

= regress command in Stata gives R2: childs’ height explains (an
estimated) 46% of the variation in arm circumferences

. regress armcirc height

Example: Arm Circumference and Height

= R’andr

= r = the properly signed square root of R?; the proper sign is the
same sign as the slope in the regression

ris called the correlation coefficient (not to be confused with the
“regression coefficients”—great names, huh)

= Allowable values
— 0=<R2<1
— If relationship between y and x is positive 0 < r < 1
— If relationship between y and x is negative -1 <r<0

 In this example, r = +\R® = +0.46 = 0.68
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Example: Arm Circumference and Height

= So from the example: child height explains (an estimated) 46% of
the variation in arm circumferences

— This is just an estimate based on the sample; a 95% Cl can be

computed but its not easy to do (and not given readily by the

computer); also the procedure for estimating the 95% Cl is not
so good

= So this means an estimated 54% of the variability in arm
circumference is not explained by child’s height
— Some if this unexplained variability may be explained by factors
other then height
— Multiple linear regression will allow us to estimate the
relationship between arm circumference, height, and other
child characteristics in one analysis

Example 2: Hemoglobin and “Packed Cell Volume”

= regress command in Stata gives R PCV explains (an estimated) 51%
of the variation in hemoglobin levels

Example: Hemoglobin and PCV

= regress command in Stata gives R? of 0.51; the slope is positive, so

r=+VR = 44051 =071

Example 3: Wages and Years of Education

= regress command in Stata gives R2: years of education explains (an
estimated) 15% of the variation in hourly wages

u Here r=+\VR* = 440,15 = 0.39

Example 4: Arm Circumference and Child Sex

= regress command in Stata gives R2: sex (female = 1) explains (an
estimated) 0.2% of the variation in arm circumference

. regress armcirc sex

» Here r=-yR* = -y0.002 = -0.045 ; in this sample of data female sex
is negatively correlated with arm circumference

What Is a “Good” R2?

= There are some important things to keep in mind about R? and r
— These quantities are both estimates based on the sample of
data frequently reported without some recognition of sampling
variability (for example, a 95% confidence interval)
— Low R? and r is not necessarily “bad”
— Many outcomes can not/will not be fully or close to fully
explained, in terms of variability, by any one single predictor
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What Is a “Good” R2?

= The higher the R? values, the better the x predicts y for individuals
in a sample/population, as individual y-values vary less about their
estimated means based on x

= However, there may be important overall associations between the
mean of y and x even though there is a lot of individual variability in
y-values about their means estimated by x
— In the wages example, years of education explained an
estimated 15% of the variability in hourly wages
— The association was statistically significant showing that
average wages were greater for persons with more years of
education
— However, for any single education level (year), still there is a
lot of variation in wages for individual workers

Slope versus R?

= Slope estimates the magnitude and direction of the relationship
between y and x
— Estimates a mean difference in y for two groups who differ by
one-unit in x
— The slope will change if the units change for y and/or for x
— Larger slopes are not indicative of stronger linear association:
smaller slopes are not indicative of weaker linear association

m  RZmeasures strength of linear association; r measures strength and
direction
— Neither RZ or r measures magnitude
— Neither R2 or r changes with changes in units

Using Stat: Arm Circumference and Height

= Regression of arm circumference (cm) on height in centimeters

rc height

vo=2T740.16x

w RZ=0.46 or 46%; f, = 0.16
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Using Stat: Arm Circumference and Height

= Regression of arm circumference on height in inches

= 2.74+0.40x
» R?=0.46 or 46%; i, = 0.40




