
Title

regress postestimation � Postestimation tools for regress

Description
The following postestimation commands are of special interest after regress:

command description

dfbeta DFBETA in�uence statistics
estat hettest tests for heteroskedasticity
estat imtest information matrix test
estat ovtest Ramsey regression speci�cation-error test for omitted variables
estat szroeter Szroeter’s rank test for heteroskedasticity
estat vif variance in�ation factors for the independent variables

acprplot augmented component-plus-residual plot
avplot added-variable plot
avplots all added-variables plots in a single image
cprplot component-plus-residual plot
lvr2plot leverage-versus-squared-residual plot
rvfplot residual-versus-�tted plot
rvpplot residual-versus-predictor plot

For information about these commands, see below.

In addition, the following standard postestimation commands are available:

(Continued on next page)

58



regress postestimation � Postestimation tools for regress 59

command description

adjust adjusted predictions of x�

estat AIC, BIC, VCE, and estimation sample summary
estimates cataloging estimation results
hausman Hausman’s speci�cation test
lincom point estimates, standard errors, testing, and inference for linear combinations

of coef�cients
linktest link test for model speci�cation
lrtest likelihood-ratio test
mfx marginal effects or elasticities
nlcom point estimates, standard errors, testing, and inference for nonlinear

combinations of coef�cients
predict predictions, residuals, in�uence statistics, and other diagnostic measures
predictnl point estimates, standard errors, testing, and inference for generalized

predictions
suest seemingly unrelated estimation
test Wald tests for simple and composite linear hypotheses
testnl Wald tests of nonlinear hypotheses

See the corresponding entries in the Stata Base Reference Manual for details.

For postestimation tests speci�c to time series, see [R] regress postestimation time series.

Special›interest postestimation commands

These commands provide tools for diagnosing sensitivity to individual observations, analyzing
residuals, and assessing speci�cation.

dfbeta will calculate one, more than one, or all the DFBETAs after regress. Although predict
will also calculate DFBETAs, predict can do this for only one variable at a time. dfbeta is a
convenience tool for those who want to calculate DFBETAs for multiple variables. The names for the
new variables created are chosen automatically and begin with the letters DF.

estat hettest performs two �avors of the Breusch�Pagan (1979) and Cook and Weisberg (1983)
test for heteroskedasticity. This test amounts to testing t = 0 in Var(e) = �2exp(zt). If varlist is
not speci�ed, the �tted values are used for z. If varlist or the option rhs is speci�ed, the variables
speci�ed are used for z.

estat imtest performs an information matrix test for the regression model and an orthogonal
decomposition into tests for heteroskedasticity, skewness, and kurtosis due to Cameron and Trivedi
(1990); White’s test for homoskedasticity against unrestricted forms of heteroskedasticity (1980) is
available as an option. White’s test is usually very similar to the �rst term of the Cameron�Trivedi
decomposition.

estat ovtest performs two �avors of the Ramsey (1969) regression speci�cation error test
(RESET) for omitted variables. This test amounts to �tting y = xb + zt + u and then testing t = 0.
If option rhs is not speci�ed, powers of the �tted values are used for z. If rhs is speci�ed, powers
of the individual elements of x are used.

estat szroeter performs Szroeter’s rank test for heteroskedasticity for each of the variables in
varlist or for the explanatory variables of the regression if rhs is speci�ed.

estat vif calculates the variance in�ation factors (VIFs) for the independent variables speci�ed
in a linear regression model.
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acprplot graphs an augmented component-plus-residual plot (a.k.a. augmented partial residual
plot) as described by Mallows (1986). This seems to work better than the component-plus-residual
plot for identifying nonlinearities in the data.

avplot graphs an added-variable plot (a.k.a. partial-regression leverage plot, partial regression
plot, or adjusted partial residual plot) after regress. indepvar may be an independent variable (a.k.a.
predictor, carrier, or covariate) that is currently in the model or not.

avplots graphs all the added-variable plots in a single image.

cprplot graphs a component-plus-residual plot (a.k.a. partial residual plot) after regress. indepvar
must be an independent variable that is currently in the model.

lvr2plot graphs a leverage-versus-squared-residual plot (a.k.a. L-R plot).

rvfplot graphs a residual-versus-�tted plot, a graph of the residuals against the �tted values.

rvpplot graphs a residual-versus-predictor plot (a.k.a. independent variable plot or carrier plot),
a graph of the residuals against the speci�ed predictor.

(Continued on next page)
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Syntax for predict

predict
�

type
�

newvar
�

if
� �

in
� �

, statistic
�

statistic description

xb xjb, �tted values; the default
residuals residuals
score score; equivalent to residuals

rstandard standardized residuals
rstudent studentized (jackknifed) residuals
cooksd Cook’s distance
leverage j hat leverage (diagonal elements of hat matrix)

pr(a,b) Pr(yj j a < yj < b)

e(a,b) E(yj j a < yj < b)

ystar(a,b) E(y�

j ), y�

j = maxfa; min(yj ; b)g
�dfbeta(varname) DFBETA for varname
stdp standard error of the prediction
stdf standard error of the forecast
stdr standard error of the residual

�covratio COVRATIO
�dfits DFITS
�welsch Welsch distance

Unstarred statistics are available both in and out of sample; type predict : : : if e(sample) : : : if wanted only for
the estimation sample. Starred statistics are calculated only for the estimation sample, even when if e(sample)
is not specified.

where a and b may be numbers or variables; a missing (a � :) means �1, and b missing (b � :) means +1; see
[U] 12.2.1 Missing values.

cooksd, leverage, rstandard, rstudent, stdf, stdr, covratio, dfbeta(), dfits, and welsch are not available
if robust, cluster(), hc2, or hc3 were specified with regress.

Options for predict

xb, the default, calculates the linear prediction.

residuals calculates the residuals.

score is equivalent to residuals in linear regression.

rstandard calculates the standardized residuals.

rstudent calculates the studentized (jackknifed) residuals.

cooksd calculates the Cook’s D in�uence statistic (Cook 1977).

leverage or hat calculates the diagonal elements of the projection hat matrix.

(Continued on next page)
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pr(a,b) calculates Pr(a < xjb + uj < b), the probability that yj jxj would be observed in the
interval (a; b).

a and b may be speci�ed as numbers or variable names; lb and ub are variable names;
pr(20,30) calculates Pr(20 < xjb + uj < 30);
pr(lb,ub) calculates Pr(lb < xjb + uj < ub);
and pr(20,ub) calculates Pr(20 < xjb + uj < ub).

a missing (a � :) means �1; pr(.,30) calculates Pr(�1 < xjb + uj < 30);
pr(lb,30) calculates Pr(�1 < xjb + uj < 30) in observations for which lb � :
and calculates Pr(lb < xjb + uj < 30) elsewhere.

b missing (b � :) means +1; pr(20,.) calculates Pr(+1 > xjb + uj > 20);
pr(20,ub) calculates Pr(+1 > xjb + uj > 20) in observations for which ub � :
and calculates Pr(20 < xjb + uj < ub) elsewhere.

e(a,b) calculates E(xjb + uj j a < xjb + uj < b), the expected value of yj jxj conditional on
yj jxj being in the interval (a; b), meaning that yj jxj is censored.
a and b are speci�ed as they are for pr().

ystar(a,b) calculates E(y�

j ), where y�

j = a if xjb + uj � a, y�

j = b if xjb + uj � b, and
y�

j = xjb + uj otherwise, meaning that y�

j is truncated. a and b are speci�ed as they are for
pr().

dfbeta(varname) calculates the DFBETA for varname, the difference between the regression coef�cient
when the jth observation is included and excluded, said difference being scaled by the estimated
standard error of the coef�cient. varname must have been included among the regressors in the
previously �tted model. The calculation is automatically restricted to the estimation subsample.

stdp calculates the standard error of the prediction, which can be thought of as the standard error of
the predicted expected value or mean for the observation’s covariate pattern. This is also referred
to as the standard error of the �tted value.

stdf calculates the standard error of the forecast, which is the standard error of the point prediction
for a single observation. It is commonly referred to as the standard error of the future or forecast
value. By construction, the standard errors produced by stdf are always larger than those produced
by stdp; see Methods and Formulas.

stdr calculates the standard error of the residuals.

covratio calculates COVRATIO (Belsley, Kuh, and Welsch 1980), a measure of the in�uence of the
jth observation based on considering the effect on the variance�covariance matrix of the estimates.
The calculation is automatically restricted to the estimation subsample.

dfits calculates DFITS (Welsch and Kuh 1977) and attempts to summarize the information in
the leverage versus residual-squared plot into a single statistic. The calculation is automatically
restricted to the estimation subsample.

welsch calculates Welsch distance (Welsch 1982) and is a variation on dfits. The calculation is
automatically restricted to the estimation subsample.

Syntax for dfbeta

dfbeta
�

indepvar
�

indepvar
�
: : :

� � �
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Syntax for estat hettest

estat hettest
�

varlist
� �

, rhs mtest
�
(spec)

� �

Options for estat hettest
rhs speci�es that tests for heteroskedasticity be performed for the right-hand-side (explanatory)

variables of the �tted regression model. Option rhs may be combined with a varlist.

mtest[(spec)] speci�es that multiple testing be performed. The argument speci�es how p-values
are adjusted. The following speci�cations spec are supported:

bonferroni Bonferroni’s multiple testing adjustment
holm Holm’s multiple testing adjustment
sidak �Sid·ak’s multiple testing adjustment

noadjust no adjustment is made for multiple testing

mtest may be speci�ed without an argument. This is equivalent to specifying mtest(noadjust),
that is, tests for the individual variables should be performed with unadjusted p-values. By default,
estat hettest does not perform multiple testing.

Syntax for estat imtest

estat imtest
�
, preserve white

�

Options for estat imtest
preserve speci�es that the data in memory be preserved, all variables and cases that are not needed

in the calculations be dropped, and at the conclusion the original data be restored. This is costly for
large datasets. However, as estat imtest has to perform an auxiliary regression on k(k + 1)=2
temporary variables, where k is the number of regressors, it may not be able to perform the test
otherwise.

white speci�es that White’s original heteroskedasticity test also be performed.

Syntax for estat ovtest

estat ovtest
�
, rhs

�

Option for estat ovtest
rhs speci�es that powers of the right-hand-side (explanatory) variables be used in the test rather than

powers of the �tted values.
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Syntax for estat szroeter

estat szroeter
�

varlist
� �

, rhs mtest(spec)
�

Options for estat szroeter
rhs speci�es that tests for heteroskedasticity be performed for the right-hand-side (explanatory)

variables of the �tted regression model. Option rhs may be combined with a varlist.

mtest[(spec)] speci�es that multiple testing be performed. The argument speci�es how p-values
are adjusted. The following speci�cations spec are supported:

bonferroni Bonferroni’s multiple testing adjustment
holm Holm’s multiple testing adjustment
sidak �Sid·ak’s multiple testing adjustment

noadjust no adjustment is made for multiple testing

estat szroeter always performs multiple testing. By default, it does not adjust the p-values.

Syntax for estat vif

estat vif

Syntax for acprplot

acprplot indepvar
�
, acprplot options

�

acprplot options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position

Reference line

rlopts(cline options) affect rendition of the reference line

Lowess

lowess add a lowess smooth of the plotted points
lsopts(lowess options) affect rendition of the lowess smooth

Spline

mspline add median spline of the plotted points
msopts(mspline options) affect rendition of the spline

Add plot

addplot(plot) add other plots to the generated graph

Y›Axis, X›Axis, Title, Caption, Legend, Overall

twoway options any options other than by() documented in [G] twoway options
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Options for acprplot

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

�

� �

Reference line
�

rlopts(cline options) affect the rendition of the reference line. See [G] cline options.

�

� �

Lowess
�

lowess adds a lowess smooth of the plotted points in order to assist in detecting nonlinearities.

lsopts(lowess options) affect the rendition of the lowess smooth. For an explanation of these options,
especially the bwidth() option, see [R] lowess. Specifying lsopts() implies the lowess option.

�

� �

Spline
�

mspline adds a median spline of the plotted points in order to assist in detecting nonlinearities.

msopts(mspline options) affect the rendition of the spline. For an explanation of these options,
especially the bands() option, see [G] graph twoway mspline. Specifying msopts() implies the
mspline option.

�

� �

Add plot
�

addplot(plot) provides a way to add other plots to the generated graph. See [G] addplot option.

�

� �

Y›Axis, X›Axis, Title, Caption, Legend, Overall
�

twoway options are any of the options documented in [G] twoway options, excluding by(). These
include options for titling the graph (see [G] title options) and options for saving the graph to
disk (see [G] saving option).

Syntax for avplot

avplot indepvar
�
, avplot options

�

avplot options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position

Reference line

rlopts(cline options) affect rendition of the reference line

Add plot

addplot(plot) add other plots to the generated graph

Y›Axis, X›Axis, Title, Caption, Legend, Overall

twoway options any options other than by() documented in [G] twoway options
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Options for avplot

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

�

� �

Reference line
�

rlopts(cline options) affect the rendition of the reference line. See [G] cline options.

�

� �

Add plot
�

addplot(plot) provides a way to add other plots to the generated graph. See [G] addplot option.

�

� �

Y›Axis, X›Axis, Title, Caption, Legend, Overall
�

twoway options are any of the options documented in [G] twoway options, excluding by(). These
include options for titling the graph (see [G] title options) and options for saving the graph to
disk (see [G] saving option).

Syntax for avplots

avplots
�
, avplots options

�

avplots options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position
combine options any of the options documented in [G] graph combine

Reference line

rlopts(cline options) affect rendition of the reference line

Options for avplots

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

combine options are any of the options documented in [G] graph combine. These include op-
tions for titling the graph (see [G] title options) and options for saving the graph to disk (see
[G] saving option).
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�

� �

Reference line
�

rlopts(cline options) affect the rendition of the reference line. See [G] cline options.

Syntax for cprplot

cprplot indepvar
�
, cprplot options

�

cprplot options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position

Reference line

rlopts(cline options) affect rendition of the reference line

Lowess

lowess add a lowess smooth of the plotted points
lsopts(lowess options) affect rendition of the lowess smooth

Spline

mspline add median spline of the plotted points
msopts(mspline options) affect rendition of the spline

Add plot

addplot(plot) add other plots to the generated graph

Y›Axis, X›Axis, Title, Caption, Legend, Overall

twoway options any options other than by() documented in [G] twoway options

Options for cprplot

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

�

� �

Reference line
�

rlopts(cline options) affect the rendition of the reference line. See [G] cline options.

�

� �

Lowess
�

lowess adds a lowess smooth of the plotted points in order to assist in detecting nonlinearities.

lsopts(lowess options) affect the rendition of the lowess smooth. For an explanation of these options,
especially the bwidth() option, see [R] lowess. Specifying lsopts() implies the lowess option.
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�

� �

Spline
�

mspline adds a median spline of the plotted points in order to assist in detecting nonlinearities.

msopts(mspline options) affect the rendition of the spline. For an explanation of these options,
especially the bands() option, see [G] graph twoway mspline. Specifying msopts() implies the
mspline option.

�

� �

Add plot
�

addplot(plot) provides a way to add other plots to the generated graph. See [G] addplot option.

�

� �

Y›Axis, X›Axis, Title, Caption, Legend, Overall
�

twoway options are any of the options documented in [G] twoway options, excluding by(). These
include options for titling the graph (see [G] title options) and options for saving the graph to
disk (see [G] saving option).

Syntax for lvr2plot

lvr2plot
�
, lvr2plot options

�

lvr2plot options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position

Add plot

addplot(plot) add other plots to the generated graph

Y›Axis, X›Axis, Title, Caption, Legend, Overall

twoway options any options other than by() documented in [G] twoway options

Options for lvr2plot

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

�

� �

Add plot
�

addplot(plot) provides a way to add other plots to the generated graph; see [G] addplot option.

�

� �

Y›Axis, X›Axis, Title, Caption, Legend, Overall
�

twoway options are any of the options documented in [G] twoway options, excluding by(). These
include options for titling the graph (see [G] title options) and options for saving the graph to
disk (see [G] saving option).
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Syntax for rvfplot

rvfplot
�
, rvfplot options

�

rvfplot options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position

Add plot

addplot(plot) add plots to the generated graph

Y›Axis, X›Axis, Title, Caption, Legend, Overall

twoway options any options other than by() documented in [G] twoway options

Options for rvfplot

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

�

� �

Add plot
�

addplot(plot) provides a way to add plots to the generated graph. See [G] addplot option.

�

� �

Y›Axis, X›Axis, Title, Caption, Legend, Overall
�

twoway options are any of the options documented in [G] twoway options, excluding by(). These
include options for titling the graph (see [G] title options) and options for saving the graph to
disk (see [G] saving option).

Syntax for rvpplot

rvpplot indepvar
�
, rvpplot options

�

rvpplot options description

Plot

marker options change look of markers (color, size, etc.)
marker label options add marker labels; change look or position

Add plot

addplot(plot) add other plots to the generated graph

Y›Axis, X›Axis, Title, Caption, Legend, Overall

twoway options any options other than by() documented in [G] twoway options
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Options for rvpplot

�

� �

Plot
�

marker options affect the rendition of markers drawn at the plotted points, including their shape,
size, color, and outline; see [G] marker options.

marker label options specify if and how the markers are to be labeled; see [G] marker label options.

�

� �

Add plot
�

addplot(plot) provides a way to add other plots to the generated graph; see [G] addplot option.

�

� �

Y›Axis, X›Axis, Title, Caption, Legend, Overall
�

twoway options are any of the options documented in [G] twoway options, excluding by(). These
include options for titling the graph (see [G] title options) and options for saving the graph to
disk (see [G] saving option).

Remarks
Remarks are presented under the headings

Fitted values and residuals
Prediction standard errors
Prediction with weighted data
Residual-versus-fitted plots
Added-variable plots
Component-plus-residual plots
Residual-versus-predictor plots
Leverage statistics
L-R plots
Standardized and studentized residuals
DFITS, Cook’s Distance, and Welsch Distance
COVRATIO
DFBETAs
Formal tests for violations of assumptions
Variance inflation factors

Many of these commands concern identifying in�uential data in linear regression. This is, un-
fortunately, a �eld that is dominated by jargon, codi�ed and partially begun by Belsley, Kuh, and
Welsch (1980). In the words of Chatterjee and Hadi (1986, 416), �Belsley, Kuh, and Welsch’s book,
Regression Diagnostics, was a very valuable contribution to the statistical literature, but it unleashed
on an unsuspecting statistical community a computer speak (�a la Orwell), the likes of which we
have never seen�. Things have only gotten worse since then. Chatterjee and Hadi’s (1986, 1988) own
attempts to clean up the jargon did not improve matters (see Hoaglin and Kempthorne 1986, Velleman
1986, and Welsch 1986). We apologize for the jargon, and, for our contribution to the jargon in the
form of inelegant command names, we apologize most of all.

Model sensitivity refers to how estimates are affected by subsets of our data. Imagine data on y
and x, and assume that the data are to be �t by the regression yi = � + �xi + �i. The regression
estimates of � and � are a and b, respectively. Now imagine that the estimated a and b would be
very different if a small portion of the dataset, perhaps even a single observation, were deleted. As a
data analyst, you would like to think that you are summarizing tendencies that apply to all the data,
but you have just been told that the model you �tted is unduly in�uenced by a single point or just a
few points and that, as a matter of fact, there is another model that applies to the rest of the data�a
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model you have ignored. The search for subsets of the data that, if deleted, would change the results
markedly is a predominant theme of this entry.

There are three key issues in identifying model sensitivity to individual observations, which go by
the names residuals, leverage, and influence. In our y i = a + bxi + ei regression, the residuals are,
of course, ei �they reveal how much our �tted value byi = a + bxi differs from the observed yi.
A point (xi; yi) with a corresponding large residual is called an outlier. Say that you are interested
in outliers because you somehow feel that such points will exert undue in�uence on your estimates.
Your feelings are generally right, but there are exceptions. A point might have a huge residual and
yet not affect the estimated b at all. Nevertheless, studying observations with large residuals almost
always pays off.

(xi; yi) can be an outlier in another way�just as yi can be far from byi, xi can be far from
the center of mass of the other xs. Such an �outlier� should interest you just as much as the more
traditional outliers. Picture a scatterplot of y against x with thousands of points in some sort of mass
at the lower left of the graph and a single point at the upper right of the graph. Now run a regression
line through the points�the regression line will come very close to the point at the upper right of
the graph, and may, in fact, go through it. That is, this isolated point will not appear as an outlier as
measured by residuals because its residual will be small. Yet this point might have a dramatic effect
on our resulting estimates in the sense that, were you to delete the point, the estimates would change
markedly. Such a point is said to have high leverage. Just as with traditional outliers, a high leverage
point does not necessarily have an undue effect on regression estimates, but if it does not, it is more
the exception than the rule.

Now all of this is a most unsatisfactory state of affairs. Points with large residuals may, but need
not, have a large effect on our results, and points with small residuals may still have a large effect.
Points with high leverage may, but need not, have a large effect on our results, and points with low
leverage may still have a large effect. Can’t you identify the in�uential points and simply have the
computer list them for you? You can, but you will have to de�ne what you mean by �in�uential�.

�In�uential� is de�ned with respect to some statistic. For instance, you might ask which points in
your data have a large effect on your estimated a, which points have a large effect on your estimated
b, which points have a large effect on your estimated standard error of b, and so on, but do not be
surprised when the answers to these questions are different. In any case, obtaining such measures
is not dif�cult�all you have to do is �t the regression excluding each observation one at a time
and record the statistic of interest which, in the day of the modern computer, is not too onerous.
Moreover, you can save considerable computer time by doing algebra ahead of time and working
out formulas that will calculate the same answers as if you ran each of the regressions. (Ignore the
question of pairs of observations that, together, exert undue in�uence, and triples, and so on, which
remains largely unsolved and for which the brute force �t-every-possible-regression procedure is not
a viable alternative.)

Fitted values and residuals

Typing predict newvar with no options creates newvar containing the �tted values. Typing
predict newvar, resid creates newvar containing the residuals.

Example 1

Using the example from [R] predict, we have data on automobiles, including the mileage rating
(mpg), the car’s weight (weight), and whether the car is foreign (foreign). We wish to �t the
following model:

mpg = �1weight + �2weight
2 + �3foreign + �4
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We �rst create the weight2 variable and then type the regress command:

. use http://www.stata-press.com/data/r9/auto
(1978 Automobile Data)

. generate weight2 = weight^2

. regress mpg weight weight2 foreign

Source SS df MS Number of obs = 74
F( 3, 70) = 52.25

Model 1689.15372 3 563.05124 Prob > F = 0.0000
Residual 754.30574 70 10.7757963 R-squared = 0.6913

Adj R-squared = 0.6781
Total 2443.45946 73 33.4720474 Root MSE = 3.2827

mpg Coef. Std. Err. t P>|t| [95% Conf. Interval]

weight -.0165729 .0039692 -4.18 0.000 -.0244892 -.0086567
weight2 1.59e-06 6.25e-07 2.55 0.013 3.45e-07 2.84e-06
foreign -2.2035 1.059246 -2.08 0.041 -4.3161 -.0909002

_cons 56.53884 6.197383 9.12 0.000 44.17855 68.89913

That done, we can now obtain the predicted values from the regression. We will store them in a new
variable called pmpg by typing predict pmpg. Since predict produces no output, we will follow
that by summarizing our predicted and observed values.

. predict pmpg
(option xb assumed; fitted values)

. summarize pmpg mpg

Variable Obs Mean Std. Dev. Min Max

pmpg 74 21.2973 4.810311 13.59953 31.86288
mpg 74 21.2973 5.785503 12 41

Example 2: Out-of-sample predictions

We can just as easily obtain predicted values from the model using a wholly different dataset from
the one on which the model was �tted. The only requirement is that the data have the necessary
variables, which in this case are weight, weight2, and foreign.

Using the data on two new cars (the Pontiac Sunbird and the Volvo 260) from the newautos.dta
dataset, we can obtain out-of-sample predictions (or forecasts) by typing

. use http://www.stata-press.com/data/r9/newautos, clear
(New Automobile Models)

. generate weight2=weight^2

. predict mpg
(option xb assumed; fitted values)

. list, divider

make weight foreign weight2 mpg

1. Pont. Sunbird 2690 Domestic 7236100 23.47137
2. Volvo 260 3170 Foreign 1.00e+07 17.78846
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The Pontiac Sunbird has a predicted mileage rating of 23.5 mpg, whereas the Volvo 260 has a
predicted rating of 17.8 mpg. In comparison, the actual mileage ratings are 24 for the Pontiac and
17 for the Volvo.

Prediction standard errors
predict can calculate the standard error of the forecast (stdf option), the standard error of the

prediction (stdp option), and the standard error of the residual (stdr option). It is easy to confuse
stdf and stdp because both are often called the prediction error. Consider the prediction byj = xjb,
where b is the estimated coef�cient (column) vector and xj is a (row) vector of independent variables
for which you want the prediction. First, byj has a variance due to the variance of the estimated
coef�cient vector b,

Var(byj) = Var(xjb) = s2hj

where hj = xj(X
0X)�1x0

j and s2 is the mean squared error of the regression. Do not panic over the
algebra�just remember that Var(byj) = s2hj , whatever s2 and hj are. stdp calculates this quantity.
This is the error in the prediction due to the uncertainty about b.

If you are about to hand this number out as your forecast, however, there is another error. According
to your model, the true value of yj is given by

yj = xjb + �j = byj + �j

and thus, the Var(yj) = Var(byj) + Var(�j) = s2hj + s2, which is the square of stdf. stdf, then,
is the sum of the error in the prediction plus the residual error.

stdr has to do with an analysis-of-variance decomposition of s2, the estimated variance of y.
The standard error of the prediction is s2hj , and therefore s2hj + s2(1 � hj) = s2 decomposes s2

into the prediction and residual variances.

Example 3: standard error of the forecast

Returning to our model of mpg on weight, weight2, and foreign, we previously predicted the
mileage rating for the Pontiac Sunbird and Volvo 260 as 23.5 and 17.8 mpg, respectively. We now
want to put a standard error around our forecast. Remember, the data for these two cars were in
newautos.dta:

. use http://www.stata-press.com/data/r9/newautos, clear
(New Automobile Models)

. gen weight2=weight*weight

. predict mpg
(option xb assumed; fitted values)

. predict se_mpg, stdf

. list, divider

make weight foreign weight2 mpg se_mpg

1. Pont. Sunbird 2690 Domestic 7236100 23.47137 3.341823
2. Volvo 260 3170 Foreign 1.00e+07 17.78846 3.438714

Thus an approximate 95% con�dence interval for the mileage rating of the Volvo 260 is 17.8�2�3.44 =
[ 10.92; 24.68 ].
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Prediction with weighted data

predict can be used after frequency-weighted (fweight) estimation, just as it is used after
unweighted estimation. The technical note below concerns the use of predict after analytically
weighted (aweight) estimation.

❑ Technical Note

After analytically weighted estimation, predict is only willing to calculate the prediction (no
options), residual (residual option), standard error of the prediction (stdp option), and diagonal
elements of the projection matrix (hat option). Moreover, the results produced by hat need to
be adjusted, as will be described. For analytically weighted estimation, the standard error of the
forecast and residuals, the standardized and studentized residuals, and Cook’s D are not statistically
well-de�ned concepts.

To obtain the correct values of the diagonal elements of the hat matrix, you can use predict
with the hat option to make a �rst, partially adjusted calculation, and then follow that by completing
the adjustment. Assume that you are �tting a linear regression model weighting the data with the
variable w ([aweight=w]). Begin by creating a new variable w0:

. predict resid if e(sample), resid

. summarize w if resid < . & e(sample)

. gen w0=w/r(mean)

Some caution is necessary at this step�the summarize w must be performed on the same sample that
was used to �t the model, which means that you must include if e(sample) to restrict the prediction
to the estimation sample. You created the residual and then included the modi�er ‘if resid < .’
so that if the dependent variable or any of the independent variables is missing, the corresponding
observations will be excluded from the calculation of the average value of the original weight.

To correct predict’s hat calculation, multiply the result by w0:

. predict myhat, hat

. replace myhat = w0 * myhat
❑

Residual›versus›�tted plots

Example 4: rvfplot

Using the automobile dataset described in [U] 1.2.1 Sample datasets, we will use regress to �t
a model of price on weight, mpg, foreign, and the interaction of foreign with mpg.

. use http://www.stata-press.com/data/r9/auto, clear
(1978 Automobile Data)

. generate forXmpg=foreign*mpg




