Cubic Sp\mes

Instead of approx;'ma+z’n9 E(Y|x)
with a precewise linear function (e.g.}
a continuous linear sp{(me), e m,‘gh{-
be better to use a piecewise cubic
function.  An approximation of the
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is one possibility, and can be based on

Hﬁe, basz‘s ‘Fundl'om
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eig ht uhknown paramef‘erj, and the
approximafinj FUV)C'HOV\ mgy be d:‘:confin-
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I)C one. reymoves )’n., ‘From the seft, the rc,rulﬁ'nj
fundv'on will be Continvous, but may not be

V@y SMOO?""\, and ﬂmere are 57“[” 7parame+er; toestimete.



I)C one uses the baris set

then there are only five parameter
to estimate, and not only is the reculting
plecewise cubic function continu ous, but
it is also smeoth —— it has contrnuous
First and second decivatives. (Note: 3 ir
Considered +v be fixed, and js not something
to be estimated.) See p. 117 of HTF for
Some. nice plm‘s (Fig. 52)
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Second denvatives.
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When using OLS regression o fi+ a
cubic spline approximation of EC(YIx),
the variance of the estimator can be
annoying |y large if x is near an
end of the range of the x values im
the data. [f one instead fits a
ordinary cubic spline except tThat it has
linear segments beyond the boundary
knots (which are the smallest and lacqest
knots), then the variance near the ends
can be appreciably reduced. The bias

hear the ends can be increased, but

this is somewh at offset 59 the fact



that a natural cubic spline lfmw'nﬁ the
same number of parameters as a cubrc
spline can have four more knots than
the cubic spline, and these additional
knots help +o reduce bias, and by
Placing knotr nesr The smallest and

/m'gc.ff‘ X va(ua, 7A9 Can Serve 1o
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Using natural cubic splines tv represent a
variable in a Y‘ejr‘efﬂt)h mode| wl’\em
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cubic sp/ine, having k knots Contributes
k pacameters whidh have +v be echimated,
one could Choose between a natural cubic
spb’he l’)avinj four knets (and so theee
cubic peces and two |inear p/‘ecef) and

a single cubic polynomial expansron 3o
represeat o variable. Or ngtead of o
single Yt -degree polynemial, one
Could we o natural cubic 5//:»».: having
five lenots (and so four cubic pieces and
two [inear pieces ) and contribute the
some umber of parametes v The
mode]l  (Does this seem too gooa( > be

+ru&?) In a mw“*ip}e regeession



Se'H'fY\gj One VEersion mC a ?’MW"(

additive medel (GAM) reprecents
the effect of each continous variable
with an eppropriate spline term (making
adjushments to not include an intercept

‘i"efm YY) Oré ‘H’mn Once )

I+ should be noted that the buwis sets
given previously for cubic splines are not

the ones preferred jn practice. Other

choices, which are e%wva/em‘ Hieoretically,
are favored due to numerical considerattons.
(I think it best 1o avoid the grubby details
at this Hime C(and wy advice will be the

Same wext 9ear). )



