SOME SPECIFICATION TESTS

November 9, 2005

1. Poolability Tests for One-Way Fixed Effects

At the end of the “Analysis of Covariance” handout from October 19, I defined
three F' statistics to test “poolability,” that is, constraints applied to all of one or more
categories of fixed effects. Unfortunately, the degrees of freedom were wrong—sorry!
So let’s reconsider such tests, first in the fixed effects context, and then in the random
effects context. Start with the most generic model, as in the beginning of Hsiao’s
chapter 2:

Yir = Ot + T3 Bip + uis (1.1)

Here z;; and f;; are k x 1 vectors. We previously noted that this model cannot be
estimated (at least not while we regard effects as fixed), since it has more parameters
(NT(K +1)) than degrees of freedom (NT'). One way to impose identification restric-
tions is to assume that all the parameters are constant over time. (This is not the only
way to proceed, of course. For instance, one could instead assume constancy over space
(i.e. cross-sectional units) and then test time-constancy restrictions.)

These assumed constraints give us:

Yit = 0 + T + U (1.2)

Now we have only N(k + 1) parameters, which means the model can be estimated
provided that T' > (k + 1), in which case we have N(T — (k + 1)) degrees of freedom
for estimating this “unrestricted” model. The simplest, most natural tests for pooling
involve restrictions of constancy across space for all of the intercepts, slopes, or both.

As in Section 3 of the ANCOVA handout, a null hypothesis is that both slopes and
intercepts are constant:

HO:051:(12:...:aNandﬂliﬁzi...:BN.
That hypothesis corresponds to imposing (N — 1)(k + 1) restrictions on (1.2), to give:

Yie = @+ 25,8 + ug (1.3)
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A first alternative hypothesis maintains only the assumption of constant slopes,
while allowing intercepts to vary:

H, :o; #aj forsome i and j and 81 = B2 = ... = .
This hypothesis corresponds to imposing (N — 1)k restrictions on (1.2) to give:
Yit = Qi + TP+ uig (1.4)

Or, equivalently, one can get (1.3) by imposing on (1.4) an additional (N—1) restrictions
representing equality of all the alphas.

A second alternative hypothesis is that slopes vary, but not intercepts:
Hy: o1 =a3=...= oy and B; # B for somey, k.
This hypothesis corresponds to imposing (N — 1) restrictions on (1.2) to give:
Yit = o+ T3 55 + ug (1.5)

Or, equivalently, by imposing an additional (N — 1)k restrictions on (1.5), that is,
equality of all the betas, one can get (1.3). Hsiao ignores this possibility, and I cannot,
recall having seen an application in which this test seemed plausible.

Still another alternative hypothesis is that both intercepts and slopes vary across units:

Hjs : o # a; and By # B for some ¢, 7,k and I.

This hypothesis, of course, corresponds to (1.2).
It will be assumed that the matrix of regressors is non-stochastic and of full column
rank and that u is i.i.d. N(0,02?).

With each hypothesis, one can associate an error sum of squares:
N T
SSE; =) D ihg (1=0,1,2,3)
i=1 j=1
where ;) is the least squares residual obtained by imposing Hj:
in() = Yie = i) — TiuPic)

Consider first Ho. To obtain 4 ), regress y on X and a constant, then use Proposi-
tion 1 from the ANCOVA handout (i.e. the two-step estimation result):

~ N T _1 ~
Biqoy = (Z > (@i — 7. ) (za — i..)') (zit — Z..)yat = Boo)

i=1 t=1

Qy0) =Y. — i’f.f}(o)
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It follows that: X
g0y = (Wie — 7..) — (xie — Z..) Byoy (1.6)
Next, under H,, Proposition 2 gives B,-(l) = Bw and &;(1) = i — E;ﬂAw, so:
Uiy = (yit — Fi.) — (@ie — Ti.)' Bw = Git — ThoPw (L.7)
which are the residuals from the within-groups regression.

The coefficients in the unrestricted regression (1.2) can be estimated by applying
least squares separately to each of the N sets of T' observations, yielding:

T -l
Biz) = (Z(Jiu =z (it — iﬂi.)/) D (@i — 33 ) (i — 1)
=1 t=1
b3y = Yi. — fgﬂA(s)
Upon substitution: R
Uigga) = (Wie — Ta.) — (@i — T3 Pi2)) (1.8)

The residual sums of squares can be computed using (1.6), (1.7), and (1.8). In turn,
we can form an F statistic to test Hy against Hj as follows:

o (SSBy— SSB)/((N - )(k + 1)
8 SSE;/(N(T — (k+1))
where we make use of the fact that under Hy, F3 follows an F distribution with
(N —1)(k + 1) numerator d.f. and NT — Nk — N denominator d.f. (This is Hsiao’s
F3, but what I'm labelling SSEj is his S, my SSEj is his Si, and my Hy is his Hj.)
To test Hy against Hs, form:

(SSE1 - SSE3)/((N - 1)k)
SSEs/(N(T — (k + 1))

where we make use of the fact that under H,, F follows an F distribution with (N —1)k
numerator d.f. and NT — Nk — N denominator d.f. (This is Hsiao’s Fy, and this time
our Hjs agree (but my notation for F statistics was inconsistent.))

At the outset, we assumed, without testing, constancy over time. We could instead
have assumed constancy across units, and then tested for constant parameters over
time. For instance, we could have found the SSE from running 20 different OLS
models each having 10 observations and 3 parameters (and thus only 7 degrees of
freedom). Then we could then have computed a test statistic that would be distributed
as F(57,140), to test the 57 restrictions imposed on these models to yield a single OLS
regression for the whole sample. In this case, the dimensions of the panel weakly favour
the opposite approach, since T > N. With very small N or T, one approach or the
other is likely to be infeasible.

F =
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2. Poolability in Two-Way Fixed Effects Extending the F' tests in section 1 to
two-way models is fairly simple, since the difference between one-way and two-way fixed
effects models is simply a set of restrictions on parameters exactly like the restrictions
we were just testing. Thus, given a two-way model with constant parameters:

Yir = i + 1 + Tip + ui (2.1)
one can test the T" restrictions that generate the one-way model:
Yir = i + Tipf3 + wi (2.2)

with an F test based on SSE of the unrestricted (2.1) and the restricted (2.2). A
difficulty—which is generic to specification tests, not unique to the panel data context—
is that there are huge numbers of possible restrictions, that can be nested in huge
numbers of ways. Thus far, for simplicity, we have considered only tests that restrict
whole sets of parameters simultancously. Suppose that we start with:

Yit = & + M + Ty B + wis (2.3)

and assume that we want to test for change points, which multiple runs of 3s that are
equal. Even if we know that we expect only one change point, there are T'— 2 restricted
models to examine (fewer if we set a minimum number of observations per “regime”).
If we don’t allow for an unknown number of change points, the number of possible
restricted models grows exponentially, even before we bring in possible restrictions on
the fixed effects.

There is a very large literature on change points, some of which can be adapted to
the panel data context, but we will not wade into this topic in our remaining weeks.
Obviously, between the extremes of estimating all parameters for the model separately
by spatial unit (or time unit) and estimating a pooled model with no time or space
effects, there are many intermediate assumptions. In chapter 6, Hsiao discusses a
variety of varying-coefficient models. Baltagi doesn’t really try to include the topic.

2. Poolability Tests for Random Effects Perhaps surprisingly, the same basic
framework as in Section 1 works to test poolability under the random effects, or error
components, perspective as well. The key step in generating random effects estimates
was estimating the variance components, and then using those to construct weights
such that WLS would give the GLS estimates we sought. Since the estimation, after
weighting, is just by OLS, the procedure from Section 1 carries over. Skipping the
technical details, the F' test is a special case of a procedure outlined by Roy and
Zellner, so the random effects version of the F test described above is called the “Roy-
Zellner test” for poolability. Since Q and ¥ are not actually known, but estimated, the
test statistic only approximately follows an F' distribution.

These F' tests are not the last word on pooling. In particular, there might be reason
to trade off lower variance for some bias, in which case some other criterion like MSE
would be necessary. As usual, there’s a not-small, rather technical literature to explore,
but we'll not wade into it right now.
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Table 2

vote percentages; standard errors in parentheses; n=2424
P ges; p

i

\(H' = o, + l'“, + X{j-F

Estimated Incumbency Effects on Conservative Percentage of Vote, 1950-59

23

.’,\@Mbuu\? adicabi

fest (bog\~> i

W F's !

Models (continued below)...

(€) 2 ®3) (4)

®)

Conservative Incumbents

General, Same

General, New

By-, Same

By-, New

General or By-, Same
General or By-, New

Labour Incumbents

General, Same
General, New

By-, Same
By-, New
General or By-, Same
General or By-, New

Liberal (all)
R2
F

P value

143 0.38) 145 (0.88) [, o .
-0.05 (0.49) -0.13 (0.48)
—
.85 (0.7
085(0.73) 1 5 g9 (0.64)  0.95 (0.64)
1.37 (1.16)
1.35 (0.37)
0.08 (0.47)
-0.73 (042)  -0.67 (0.42) | oo (0.41)
-1.66 (0.51) -1.70 (0.50)
—
-1.61 (0.73
61078 ;04 (0.55) -0.82 (0.55)
-0.49 (0.71)
-0.74 (0.41)
-1.40 (0.48)
-4.19 (1.84) -4.12 (1.84) -4.41 (1.84) -4.10 (1.84)
0.958 0.957 0.957 0.957
1.18 5.64 2.56
0.307 0.000 0.037

pV

} 0.99 (0.35)

...Models (continued from above)

(6) (M ®)

Conserv. (+) or Labour (-) Inc.s

General, Same

General, New

By-, Same

By-, New

General or By-, Same

General or By-, New
Liberal (all)

R2

F

p value

1. 0.21
05(021) L o8 (0.21)
0.88 (0.28)
—
1.19 (0.48
©48) |87 (0.36)
0.42 (0.54)
1.02 (0.21)
0.79 (0.26)
-4.38 (1.82) -4.45 (1.82) -4.43 (1.81)
0.957 0.957 . 0.957
4.97 3.76 3.48
0.001 0.001 0.002

N
}-0493 (0.40)
-4.40 (1.84)
0.957
3.78
0.001
)
N

} 0.97 (0.20)

-4.42 (1.81)

0.957
3.24
0.002
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