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2

hi

Lt I sket;hed in the previaus chapter. .The: purpﬂse of this 2H§¥ter is tD f

cutline the clsss ﬂf mﬂdels and estimators we use and our faasﬂns far

LR

.TQ place our regeag:h in a bfoader methcdalagicgl cantéxt

1 :onﬁfast our prczedutes wiﬁh certaiﬁ widely'used alternazivesg

ﬁ As

is,
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tféac thé case where there are only
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" production and e

Are measured at only two points in time, tD
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o* e C0°

”Supéasé:we
(thfough either.

and observe the

similarly vary X

examine the impacts of vafiatian in one’ lagged varigble on c

/
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cononic dependence, etc.
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‘and
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had the ability to- experiment.
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£ vafiﬂus 1ﬁstitutigﬁal SEE%O%E on Eazh ather

that fgﬂﬂback effects occur mora often than not.

o

o ) v ot
and observeé .consequences~for Y .

we discgssed in the praviaus chapter our gaal is teo study the

) For §imp1;clﬁy I

L

two' varisbles ﬂf,.cangem, X-and Y.

i . n
= 4

- is little agréement abaut the fgrmulatinn and;estimation of Panel madels._

design werei

Ihe 11Eera§ure on_
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t. Then the:apéﬁative
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We Wculd'hald-xfwéonstaﬁt

- In an@théte;;ge;@ént wﬁ‘ wauld

In each case we

tandumlzationaaf nﬁnvarlat;aﬁ), 1ntdeuiE varlat;an in YD'

Ihouéh g@cinlggists have emplayed panel de gﬁs f’f §ﬁmefﬁimé"theré SR

that'saaialégis;s'

We might think of sehéél enrollments and nati@ﬁal production, or national =

Supposé further that the variables '

natianal develépment suggestskthat effects may run in all directlons that Js;;f
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Fhe methad;

Given ‘that" X‘and/! are carrelated, ccnstruct

L 1
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b
rmit D%E to qgnaluae,that X causes%Y or Y causes
) - X 1]
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maagu;es pf EffECE

’ i
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oo ~ o 7 - I 7
g sixteenfélﬂ Eables) that %Eito atswer this questign 1' This appraach
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&f ‘1~g g “has been generalized tqgguantitgtive aﬂalysis in the farm of cross- lagged

and Sﬁanley 1963 Pelz and Andrews 1954’ EEnny 19?3)
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“a. Undcubtedly théﬁ;fare sohe si;uazions iﬂ which X causes Y but not

Lo : /
:=vice versa But in geggral "does Xjeauée Y ‘or. Y :ause x?",is.ﬁgt*thé
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eschew thls_appraach:§§ panélAanalysis-
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.methodalﬂgi§51 canﬁext tg g te limitations on aur findings and tg

- the interpfetation af astimatés of the parameters af Ehe‘:@del in (1-2).

'scafés§§s dépeﬁdent ;afiablés and asxcagsalrﬁatiablesg To keép the

. 4

. work. 'Thé'pﬁrpgse of. lace -our w0rk in a braaﬂer

1

g.'. . . e

guggest ways iﬁ whigh futgre researchérs can imprave an aur wark.

Why Nnt Use Q;: ;f:ﬁres?

In discussing our work with Dthéf sacialagists we “are aften asked

PR \.

why we: do ngt relate chan’es in K to ;h ges in Y and vige versa.

et

'Addressiﬁg this questinn leads to cgnsidération of issu%s that glarify ;‘

# '

It will fac;ilEaEE exposition to :gnsider ﬁépafately usg_@f change

. . ? . P A
algebra simple we will consider only the Y-equation. S : { L

A

The first model we consider relates dhanges in Y over the period of

observation to the initial levels of X and a disturbance, w;| . L.
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But the model in (3) is jﬁsﬁ_ he.special case of {1) where @, = 1. So

Q 1

two things can happen. The rEsEflEtion that &l'= ! may'be correct *in '

it does not matter whethervcna es;gmates (1) or (3)F On the other hand,

-whlgh case EStlmaﬁiDﬂ Df (1) w1ll _give app:ox;m§3§ii.gﬂht result., Then

o

T~

3

the restriction may be incorrect. In that case estimatignfcf the chaﬁg / 7
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DA guation (4) has: exactly l:hé same form as tlﬂe change score- mndal e cept ' .-
;o o ; 4 A v
; N ,I 5 3
t;hat the d{gtuﬂ;\Lce, q,,contains Y If }; ‘and Y. are-causally :elatéd

-

Qvér \timé, it will almc:at always be the case Eha; thé}f will be correlated ’

. 3 i . . ) )
erosg—ﬂseétimally If so, t?e digturban:e, q, is correlated with }{Q and - o

= . - . .

L Iéast 8quares es;imaat?s of f&) wil,l be biased. The bitas? is »-Sé’fo anly B

o . when the\a i;onﬁtrai%t is true i 8. 13’1 = 1 'I‘he model in (1) avoids su:h
. s" : ’ : 1] R . o # . . - N
. 7 . ) “;b e e \6 S Q; : R - { )

G
/Wbat abcut cl anges in X aver tha permd of .@bservacion‘? JAS lo ng o

= - - cee .- ¥

" as the Ewo—equatf@n model iﬁ (1 23 s apprapriate bth X and Y will

Pisoy, .

change over the sgudy pEri‘Qd An an experment ‘We can sty

C e Tk \ ‘ .
T aE a timE Lacklng such controls, WE EEﬁﬂDt zesa;une Ehat
B, X X P

% Vv : .
v - . ,

o flxed at. XD over the pa:‘md we observe 'I'o do sé leads to ap x:»bv:Lous'

,dy one process

. iﬁcans,tsten ﬂhen we shlft attentian to Eli;g‘X aquatlon ’ T’hat is, J,fA T
- ‘ 2 e . oL g . v ; :
: o .

equation (2) m@dels c:hange iﬂ }Cbcytgr Ehg pé’riod (t s ), we cannot

L] . Ty
%

""" -4

" maintaiu Ehat X ls constant in Ehe Equat;qg for. Y O I A v

] h

v ¢ From !!:he pErSpEt:tive c::f cauSal anal s vs t‘hé‘ real issue is 'i;ZiEther : ‘ .X

.1% zhaqggs im- X over the stﬁdy periadi affe;t:’ Y (holdmg constent y(; and X ) . r*

a Ihls imi:ujl;t};;;:}, St;D“ has far reachlng 13‘911:3!:10115 as we shall see 7411&
belaw \LJ{E can place thg methadcklaglcal rcble:n ;._téea 7] Focis by ‘l‘ o °

o ?TLElngr a mgd'g; that ;ng::réoratﬁés the gf f( c;}f ggs in Eazh i

KA : . :
U Koo fA'“X_ . i;,-');

e variable: R - -,

R Ny =gy ¥, +sz@ +!r 3Ky = Xoketut s <5ﬁ\ o
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: : ’ - = § 5} - [ - FE Nt )
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e Far the moment we fbrésm‘né ‘that thE mbéél in {5 6}* is th/ ué’ madel ‘\)
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a

. , 5
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lngtédu&géjafﬂew meth

_ .y
fe:ursiVEs the madel in (7 8)

ver lag periads sharter thsn (E ’t)i But it'

Ihi new mcdel has an obvious advaﬁtage over tpekbasic medel it'

i I :
dologic al p:cblem [’Whlle the ariginal mndel was

:oﬂtains s;multaneous causst;an Both X

< M s © e
.

‘and Yt appear as’ bath\independent‘and dEpEndéﬁE varlsblés 1ﬂ a pair of

EqQaELOns. So we’ have_lﬂszsan important fype of simpliﬁitg © More’ 4

important the model in (7 8)
J : .
of ecaﬁgmetfigs;. Its, pafamete
- d
data set. . : .

. 2
R
-

#

Y &
| 'tHDgprEédurES Tepairing 'u
&7 : _ :

;ior axample) ' ﬂne can use. the
l

@nfﬁhé parameters of the model.

selves. cf thlS strategy as wve
A ="

The lltgrature on simultanebus equatlans Esflmatiﬂﬂsgpmmﬂﬁiy adVLSES

is naz 1dEﬂElflablE(tD use the language -ﬁ

rs cannot be ungqugly Esﬁlmated frDm any
B . ( = i ,\- >
i ‘: W i

-

pderldentlfléd models. (see’ Iéhﬁstan 1971: ‘Eé i

ory or prlur rEsEat:h tc plade canstra;nts

UﬂfﬂftunaE21Y'WE ;aﬂnat’avail our-
" B

lack such theary and EVlﬂEﬁEE Iha second

'alz? at1ve involVes the use aﬂ 1ﬁstfumental varlables !‘The mudel in

Ylth u and 7! such~that one o

T

' l‘
L? 8) zan be idénﬁlfléd by flndlng a pair of var;ablés’%h ‘are unzarfelaﬁed
f them affect YE butjngt X Ld;r3§tly
¢ o B
ot ¥ . IﬂTeftlng these var;gblea into
‘.

and the other affects‘i bu: n

Est;%atars WLIF resalve the indeterminacy of the mcdel Byt again we

‘flnd gu;selves blocked by the

lack of prior Ehécry% As thE_LiEeratuté

. . T _ .
‘ ’ . . 2
|:f e ‘ 77' B - s M . A! SR V _.g i = : )
| B , - "_\'-i(};-, . .\:’. K 6 |
t I rns out to be more canveniencgzo ewr ite_the»ﬁﬁéél as follows: = 7
f -, . . O
) - ' . e oLyt -
Yo =Y, +Y 1Yo +Y ZXD +Y3x +)Ll' o RN o
S ;35:'7 éa ;o*‘g‘i? +53Y VO @) é -
where ; ) Cto DR L :
‘ T =Y ' =5 . . o ~!  . o -t _i
- Y Y3 '62 2705 R /E\ .
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. , argues Ehat almc:‘ét evezything affects everything E}se, it is har& to
. 4 .
’ .
B t§ )
\%ﬁ" B In the lgng run, the resalutian agthe prcblgm und:gr disauss;an
. ' 4 .
) , : Léa & :
o ﬁiill likely involve these sorts of strategies. Dgr assessm&nt was that
. a v .

che field ‘was m:t suf'fiuiently well dEV‘EIOpEd fm: &s to fely on Ehecry

and pu\ rg?earch for the strong assumpzlgns El:;aat must be used to
. mat;vate the simultaneous equlitiéns methods. 'D}gus wajdeciﬁed to settle
. 5 ! ) “ i " ,l ! ’ - *
“for simpler\methods. = . . , S Lt

- % f o

. {‘Qu’f siﬁﬁatio'if'is as Edll/aws. We propose Ea/?uég the model in (1-2)

Egldfaw inferences about instifutional ar:&fstfucturél change in nations.
HéWEVEf,LWE realize Ehaf; this ma& i% not zampiie’ly géneral and that
. ¥ .o
str@ng arguments E\?:l be ma"dé .fo' !Lthe super ,E of }:he model in (7 8) &
. R F
So ‘we must d‘efené the ‘choicé af the baszu: rm:del cﬂrerjhe mc\ré gt:mgle:{

-

£y

altematlve I _]ust argued that tha ‘more zampléx modef" Cam‘;ot ‘be

yuniquely estimated as it stands » But that is pot- 4 ;ustifi:at;cn for

! L= P C Y . ] * ‘ -

the simpler model. ¥Age there any general:argunents thdt favor the model -
’ .k . ® -

. . . . \ _ B

™\ -in (1-2)? T will advance three.

1]

. N - . '! € H l

B i 1 ) . ' / ’ ‘. -
One line ﬁ?argumenﬁ]iims 'that changed during the study period do
the basic model is correct. . Fhis amounts to

YT ot bhaue effects, that %j; E 7
av:gg;xing that all f,:hé czusal effer;gé _haw}e a lag at. least ais.bliiﬂg as twenty years,-

i ._,,/Bvut:;, it is wasy to show that if éhe lags érai li;ﬂgéf than twenty Eyea‘rs'we will
:ncz;;gb,s%rvefystematic effectg with ,thls im@del Therefores thls pD ion
requires ‘thaé Qne"kna{r L%xactly‘the structure of the lags in the effegts,

This sort of reasoping motiyvated Heise's (1969) treatment of-panel analysis.

g & = / . %
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{ Ith position has,sam& appealr Some social seientists argue .
. rthat twenty years is tgu shart a periud avezﬂwhizh to abserve iﬁter- _i\

insgitucional effects‘/ Readers whg take this view will not be trnubled

i < S-

by our ﬂEglEét of. effects with lags shorter ian twenty yeafs. - However,

{changg

S
we observe that ‘some iﬁstitutiams, ﬁatably palitizal struttures,

[ '8

Iiterally aver nlght Such EhaﬂgES’Ean haVE“SEfDng and almost immediate

.effects. on other inét}tutians HASQ we gaﬂnot always fESt assured that

twenty years, is a canservativgly sho:ﬁ pegiad that fulES out é%fects of _

- shorter lag.
. R J, o

‘We find another aspect of th15*é@si@iénfdisﬁurbingi' Iﬁ;prespmes that the

%

* i

praéessloperatés éVe£5disérete-Eiﬁe igﬁéfﬁéisi{ In formal terms ‘,}.i

'v_the model implied iz a differenée equat;nn with a Ewanty year lag 1 'v%§§§‘
pggfé; %pe_view th;t ad justments to institutional changE§ are.- EDﬂtlnuD;S

_ -in—ﬁimé égd ﬁthSPEtialized to any p;rtlsula:.céusal lag. ﬁhaé’héppéﬁs
if we model éhe process in th;s fashion, Ehaé?is‘;svarcéntinﬁaﬁé time .
progcess? Qur. general afgumEﬂt'prEﬂﬁESVﬁhaﬁ_éhaﬁééé in X dnd Y depend
on tﬁeflgﬁéﬁs of b@té Gaf};blés.l_The:sigplesp continuous’ time model
that is znﬁéistgnF with this argument is'the-lineag éystem

dY(t) . - o T , -
} ' .?gggl = a, + a, y(t) + aX(t) -, - CO N ¢

o dX(e) L o ] . o
. . Tdt by + b X(t) + by¥(t) - ‘ (10)

. But Ehg differential equations in (9-10) cannot be estimated direétly.

[ 2

. ] wl Ta oy ’ ,
.ﬁgi' Instead we‘solve the system subject to appropriate initital conditidhs

(see Coleman 1965);v71be solution to this system has éxactiy the sdme -

- & P

] . : . : . - F ,_Qt . ) L : g, n.‘
- . ‘ i \_r\

1o B QK'




. - - SRR V»','V o t e L
“., - form as our, bapic model, (1—2) That 1is; it 15 a twasequatian model in
, : 7

e =fids linearly on XO and EQ, and Y depends lingarly on YG

and.Xé. The paramezers af the panel model can thus be considered as

onli lnear functions of the parameters df the differentlal equation madel L

-

s '(see COleman 1968 Dorian and Hannan 1976 Hanran and Eréeman 1978)

This felatianship may surprise Teaders Efained iﬁ classical panel i,( e

i ﬁ .

analysis traﬂitions It shows that the basie model is less resttlctive

' than cnnVEﬁtianal treatments ;ggly De spite the facz that it ignorea

effects of Axépand AYtg'it.;urns @gt to be’ ansimpllﬁatlan of a m@del in!."

which X'and Y adjust canciﬁﬁousiﬁ to levels of X and Y during ‘the éntlreg

§

:periad For detalls ‘éee Kaufman (1976)

Ihe lineaf system in Eg =-10) caﬂ be shown to'be a reasonably good
approxlmation to a var;ety gf more campléx change models This seems & géod
F‘ ‘
argument in favor of the madél in (lé£$ Héweveflége cannot assert that

the basic nfodel is the GDfrEEt model for panel ahalyéist Other more
B - 7577 ) = -

x . . = ] . . N i § 5 =& o
E@mélsx dfifarential-equatinn models will give rise to different panel
Nonethele ess, it is comforting to learn that %he basiz

Spééificaéiomsi

-

lﬂ
L

: mcdeL has more ganeral value than is zommonly ackncwledged in discu

cf panel analysis.

Both these arguménﬁs have a 'best case" flavor. That

is, EhEY depend on nature's working in the interests of valid inference.

But, what ‘happens if the are complex model is tcffect? MQZQ,;Dnzretclyi
i e - N

whatlare ‘the consequences of estimating the basic ﬁoiagvmen AKE and AXE

have causal éffects?B If the qualitative implieations from the basic mcdé;
‘hold over p}ausib}; faﬁges‘af the parameters of the model with- change effects

' 7 .
(7-8), this argues strangly in favor of the basic model..If, on the other-hand,

1
i




. ."-; - . .__""_.{‘;. - - 'v: i.:‘ _ <2 , ‘fg - . < R L

Lo ) . _ o
g results from the basic mpdel :hange radically with alteratigﬁs in

parameters of (7 - 8), we_gys;_prgceed cautlpusly;

' In‘péﬁiicular, we must identify thqse ranges of parameﬁer values over-

which inferen:es frcm the baSLC madel hsve some’ validity and fEEtIiCE

V . - . . g = ¥

our attentiaﬁ to empirical ;cntexts Ehat meec the cand;tlans

The firste.- twa arguments treat tha basic madel as a structursi model

in its own right. .BuE in the present dis:uss;on, it musc be con31de ed
as zhe reduced form of the madel in (7 8) Ihat is, we facgnééptualige
B
» : . . . .
.the basiz»madél as an &l g ebraic :earfangemenz af (7=S)! It is obtained

by S§1§1n§ (7-8) f Y and” X
*: . :;77 ' 51 / o ] ) . o 6
o X, = C (YD+Y5,.)_+(.Y-+Y5,)YD+(‘Y +Y, 1jx +(Yv Hun] an

- XEi El[(é +6f{Q)+(6 +53Y )}c +(5' +5Y1)Y +(5u+v)j (12)

Where Ly T : e R .
2 B At - . ."_&" N .!

I RN ) T
G 1 YB 3[ i ) /..‘v_l:ﬂg{ j 5 . . .

zjﬁtions (11) and (12) provlde a mew lnzerpféiatlan of Eha caéfflcleﬁts

M\

(

,he basic mode 1l in terms uf the pafameﬁers .3f the Qhange mcdal o
Recall thaz the change afféﬁts madel ;s nat idEﬂElflEd Thus one ~’

\ * ﬂ e
cannot use feducedafarm coefficients to ahﬁain uﬂique Estimsteg”@f the -~ \ :
. ; 17 . ’ .
@'5 aﬁd E‘s But as'lcﬁg as-u' and V' arejwell’ behavgd (1 e, ,_uncarrelated

w;th XD and Y ) Wé can always abEaln goad ESElmatES of reducéd ¥orm co- '

eff1c12nts That lS why ve 1nvestlgate thé uSEfulnESS gf the reduced form

for informing us about causal félatlﬁﬁg hgldlng under the more cumplew ¢
model.- s ) S, . ' : - ; %v

In using the basic model, we report estimates of @,.as the

(A
g
‘v
e
[

=
i
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3'Effégt of
" tention ,to the forme

:According to (11),. ) T . St .

\J’:: od R = =
B -

;

e

f Y. on X!. We confine . at-
0 t . S

* Y s S

- ¥ ; :
' / and B _ as the-effec
XQ on Yt,and_ p @s the-effect

s N 7 . . |

. =

-10

o = CalYD Y Lo 13
P CoY, ] \ . ()i
Thus we investigate whether fhe quantity in (13) is a reasonable measure

6.
31

of thé effect of X on Y over time. - :

The quantity in parentheses in (13) is familiar to structural

.'; : - . : i
equation analysts. It ic the sum of a direct effect and an indirect

The

o
T
=
(1]
]
[
1
[
15
f—
i
]
(=W
1t
a]
o]
o
¥y
[
[ nd
it
m
oy
r
[l
[
it

ofifect. The direct effécc,iféj 1

indirect EffE?gf‘y35ls is the effect of KQ on Yt via Xti Thus the
reduced-form effects summarize both direct and indirect effects. " The
total effect of RD (the sum of the direct and indirect effect) is

1

mu;ziplied(by G This multiplier adjusts the total effect for the cycle

%

of causation implied by the m@déll According to the model, any increment

in Xt produces a change in YC, which in turn affects xc* ete. So effects

of XD are propagated over an infinife cycle of causal loops joining Xt

and it! The multiplier is the appropriate rescaling of the effects of XDi

Thus to understand the reduced-form coefficients we must consider both
the total effects and the multiplier.

Since the model is underidentified, we cannot conduct an exhaustive

analysis. The reader can always choose some combination of Y's and 5's

s

T
!
bt
o
I
n

hit wil

rr
€

cause trouble. However, it Ls informative to consider a

i
Rl
I

b=l
e
It
Py
P
s
i
[
e
[
r

i,
ﬁ%ﬁ

: 5

r as treatment.of the two cases is ;gmpléﬁelg parallel,
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Gase 1:;1 X has no effect on Y : ¥, =0, Y, = 0. Clearly a, =0

for this case. This result, though obvious, is important. It tells us

. that when-X has no effect, we will not mistakenly identify effects of Y or

1

4 Yon Xt as effects of X on E:

Eﬁaise 2: }{D 7afféc7t,7$ "ft but A,XE figé’fs nétf,‘f; 3‘0, Y,3 = 0. Agrai,n the

" result is simple: @, = YEi the cross-lag effect of XD in the structural

form. This holds even when AY has an'effect on X .
\ t

Now we consider more troublesome cases. Throughout we assume thac

the autaregression, 51, is positive, since this is the case in aur empirical wark. Wlt;hs

out loss of generality, we assume that the effect of XO, Yzf is positive as

well. 1In the general case, the multiplier, C ~, can take on any value. Until

, : ‘ L | -
further notice we assume that C = is also positive.

Casg 3. X 2 3

and Axt have the same sign effects: Y

=0. =
0 D"_Y D

In this case the reduced-form contains both a direct and an indirect effect.
Since for the moment we assume a positive fultiplier, the sign of the

reduced-form effect is:

A = 3 2 {’ - 3 T =
Yz + YBEL Y2 + Yz(gl 1). . (14)

If both YE;PD-and YBQ}D, the quantity in (14) is positive when

A 717 = (15)

Y.,

ol

and change effects

[xdd
[

[l

We will consider three cases. When the lagged effect
are equal, i.e., Y, = Y,, the requirements f@r»thc quantity in (15) to be'

positive is 51; Q. This amounts to requiring negative feedback in the

process generating the X I mentioned earlier that we do not find, this .

problematic in our Fesearch.

Q - N I

ERIC -
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- A

Simil§r1§, when Y2§'¥§T?Egg criterion is that 51 exceed some

negative quantity, (1 - K) where K is the’ratia DE,YE E?’YS; So
neither is this case problematic,

Finally, there is the case invhich the change term effect exgeéds
thellagggd effect: Y32>Y2; Ihezafiterian'fér the reduced-form effect

t@/beipusitivaj that 51 exceed 1 = K, i® now potentially problematic,
1.

1,

Since Y, Y., 0 = K

K] 2%

For example, if Y

Thus 61 must exceed” some positive quantity.
, . : ,75 . = 1 - B
5 is twice Y,, then we require that 51} 5. 8o we will
run ‘into trouble when Yj is much larger than Y, and the autoregression

of X is small. Such cases do not seem likely in our research as the
autoregressions are rarely sméll. Nonetheless, we must recognize that

Orin the reduced form will have opposite sign from the

affects of SD and AX in the structural form (but see below).

So in all but exceptional ¢ircumstances, we expect that the sign of €,

the Eﬁféﬁt of X

agree with those of tﬁe relevant structural parameters. However, quan-
titative estimates of qie effect of XC will be wrong for two reasons.

Using the reduced-form Eives KO,credic for the causal effects of AXti
- N -
This is a mistake as far as inferences about XD are concerned,

But it is not wrong regarding the effect of X considered globally,

We attach no special significance to the 1950 levels of variables. We

(5

have chosen the time points out of design convenience. So it does not

upset me in this stage of inquiry to confusc effects of th with' those
. - ,

of X.. The second reason why the quantitative estimates of @, differ

from the structural parameters inveolves the multiplier. We delay discussion

of this issue.
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0

ase 4: The system is close to equilibrium: X, and AX_ hate

= — — —

0 2 2 3

the same effect as do Y. and AEé: Y, = Y3g-5 = &,, When systems éré
close to equilibrium, th%_effecﬁs of (smallﬂlchanges are close to the

effects .of initial levels. 1In this special case,

o aEel

o

, = 1 . 5 =] _5- Fice tha
where C 1 YB % ?é 2" Notice that

s e g, 4
Y, =&, /B, and : :52/2‘1! : ‘

[

o
on
i

1f, as is often the case in our research, the reduced-form autoregressions
51 and @, are close to unity, the ‘reduced-form cross-effects are close
to the structural-form cross-effects,

Case 5: X o and KE have opposite sign effects: YEE‘D, Yj'iOi Here .

we find réal problems, as well we should. If lagged effects are positive
and change effects are ﬂégati$eh any attempt to come up with an overall
effect of X will mislead. The relevant expression is again (15). The autoregression

coefficient in the Xt equation, 513 again plays a central role in
e 1

determining the sigdvgf the reduced-form effect. If éli 1, then_(iS)!is pas-

o ) ¢ L
itive and the reduced-form effect has the same sign as the structural

effect of X.

0" When 51 = 1, the situyation is even better; it is the same

a

[¥i)

Case 2. However, when.él exceeds unity, expression (15) is the sum of

a positive and a negative quantity and (15) can be either positive or

=g



.Y -

larger than Y

2 and Y.

E LoE 3 (
The qualitative result is similar to that in Case 3. Waen YB is much

négéEiﬁEidegending»an the relative size of Y 8 21

) We.canm obtain the wrong sign. effect (here, we
6. >1). R
1oh
; ] R .
To this point we have seen that dinferences from the basic model

‘have at least the proper sign as long as the effect of AEE is -not much

ERIC

Aruitoxt provided by Eic:

explosively. Any exogenous .impact on Xt; say, will

This conclusien®is reinforced when we -

-1

0 ,
focus on the multiplier. .Recall that C = = L[k = Y,8,) Thus it'is

larger than the effect of X

positive when Y353 is 1éss than“unity. If Y353} 1, the system willggréw

o

e amplified through

each cycle of Ei-é Yt - Xt. The system is unstable and cannot long
maintain. this causal structure.

. ’ = i
This is not to say that it can never happen in nature. Many of the

structural ?taperties we study gfgﬂ exponentially during the pericd,

However, in rhany analyses e adopt log transforms to linearize such

growth. (See substantive chapters for more details, especially Ch. 6.)

(=T B

light of.such transformations, it does not seem likely that Y353 exceeds

P R

1ding 6. constant).

i

In :

unity for the cases we consider. ‘Nonétheless, we recognize that violations

is difficult to establish precisely the implications of explosive gr@wﬁh
for reduced-form estimates since it iS4ﬁGt obvious that &ther parameters,
e.g., §l§ would ;emain unchanged under large increases in Y‘3 and 53. All
I can do is caution thé reader that the value of even thé qualitative
inferences from our ba%ié model may be incorrect if this condition is

ﬂDE)mEE.
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" adequate specification of the dynamics of national development.
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This third perspective éﬁ the basic model, then, lgadsrtd . | )

K

1céu£ious cor 1usiéns, 'InrgEﬂerél,xit Eells‘that weaﬁill é%t é@ far '
wrong when Jhe effects of AK and AY are smnﬁl qflatlve to those of. X
 gndeD’agd;5;Efg§EwEh 1; stable (in the transformed varlabléj) ;
50 the clasg ff madelg we use can bé‘jugﬁlfiéd from ;ny of three per-
éPEECiVE%f (1;ﬁth§t;thé basic mad;l in (1-2) approximates the true caﬁsal
‘étrugﬁut aperatlng ‘with a :ertain lag3e62) that (1-2) is the solutio é,gf
a d;fferential Equaticn system relating levels of X and Y to :han &s in X y
and Y or (3) that the b351c madel is the reduced—égfm af the praper mgdel

 ‘wh1ch allows for causal‘effégts ovar th study pef;cd;_ AE EhE'tlmE we begam

our resaaf:h, the socialaglcal 11te rature . emph351zed the first, of these per-
L]
spectives. ' Howevet, nane af us Eelleved that the 1ag per;ads we used cor-

respond w;th any fundamental faatu e of the pr ssgs undenystudy., Thus we - »

are for gd to either cf thesaqhﬂ;

N -

I favcr the second; other mem-

bers of our research group inziiﬁe-mqfe towards the third. We agree, houever,

that empirical analysies of“.the sort we report are necessary préliminaries to

£

Issues in Estimation

Ls 1 = 4
Qur rasearzh context poses some special methodological issues.
®

These issues hold with equal force when the basic model®*is viewed as a

structural model or whether it iS\EDﬁSidéféd a reduced-form for a more

complex model. 1In this section I will idEﬁt}fy the issues, @utline'

our strategies for addressing them, and cite relevant technical ., -

- T

literatures that.contain more detailed treatmen

\I'"I'
‘Ll"l

I3

S50 f r I have assumed that the disturba c

"

. . , .8
{the total effect of all omitted va%iableg) were well behaved. In

. :
particular I assumed that they were independent of the varlablés appearing
[ | . . .
on the fight!haﬁd‘side of the basic model. If this is so, ordinary /

'



= ) ' :

kY

)LS) estimators ate comsistent (see Johnston 1972: Ch. I

-3

e e T . ) . R é.J i o
the disturbamces have constant varignce, OLS "is also = -
. T M
5 = R ‘ = - . .
" Gsymptotically ¥f¥icient. . The'first two complications we camsider involve

. o . QN g s A T :
likely failures Jf the indepegg ce and constant variance assumptions.

g

‘ e L | 1‘) - 3 .’ AT ﬁ{}_’l ' . § . -L7\, , t s

% 1 !

S

\ N
a. Autocorrelation?
= L1 uy

s | x

! .
s, ave undoubtedly sensitive to’the 7

'passibility.tha%jthe disturbances are not independent from period to

1

perigd, The problem is endi
- i k2] et

ic to pamel\:tudies; and the studies we .
(o]

' . CEAT, . 7 - o )
report\are no exceptifn. Corisider the composition of the disturbances.

arch, the set of omitted variables includes: material infra- :,

1

In our re

<),

stfuctu;e (e.g:, national systems of transport, ccm‘ﬁ‘;{uni:atign3 etg

te¢ﬁn@logy; culzﬁréli@tgaﬂizatian,“natianél gist@ry, etc. Eac% £ Ehése
féazufes of -social organization haS-EﬁaﬁPrDPe:tiesa (1) they are stablg,jtgat is,
they do not sﬁifé;radiially f{gm peridd tojpe%iod ; and (2) they affect ;,
‘ : v : il

1

L

many of the processes we study. As long as)these causal effects are not
)

7 included in the model, they are forced into the disturbance terms. And, given
E f ) B ' : B 2 A
the pair/properties identified above, the disturbances will be correlated

B 5

rt

from period to period. - Nations with unobserved characteristics tha
geneérate exceptionally high levels of some outcome in one period will tend ~/
to have exceptionally high levels in the néxt period. The more enduring Wﬁ :

are the unobserved causal forces, the stronger will be ‘the autocorrellation

. . ¥ . : *
of the.disturbances, the dependence from period to period.

Ihe-impaiﬁ of autocorrelation of disturbances on OLS estimatbrs is
well known (s#e, for example, Johnston 1972: Chs. 8,.l0; Hannan énd

Young 1977). We must consider two éffects. First, autocorrelation

| Y
g

data has less information about ;he process than would: be given by the.
- . »’ﬂi ' @
: same fiumber of indépéndézﬁfﬁbservatiansi But, OLS assumes that the
B N - N \

; . e i e . e
observations —indipéndent; and calculations of confidence. intervals

#

o and tests of significance reflect this assumption. Thus use of OLS with

ERIC * - - .

Aruitoxt provided by Eic:
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a&té:arrelated dlstutbantes biases standard EIEDIS Eowards zero and Ehus

gii,é inflated leveis.ﬂf staﬁistiéai sigﬁifi:aqcéZ “ L ' .
| The second EffEE; applles partliulafly!tc madels llke the bas;c
“ smodél,vthat include lagged depenéent v%riébles, It is easy to show Cég
fg wrltgng ghe basic model fcrrthe nglad fram\ t ﬁoED and making appfaprlate
, ] -

implies that the disturbamcgs af time O wiil be cagfelat§§ with both ED

R N
. S . ..
and Yai In this case OLS estimators afe,bias—d agy inconsistent .
We are concerned with the- p;cpertlés of OLS €s imatdrs in small
relevant - , . {
< 9 - -
samplesg ‘We have some/ evidence from Monte Carlo simulations. In

g ons &f a variable on Qﬁly the lagged déependent variablé,pauté?

[ L

»correlation (of the type termed "firsSt-order autoregressive') produces

i
an upward bias in the 5lope associated with the 1agged dependenﬁ variable .

'(Malinvaud 1961). Add%ﬁl@ﬂ Qf another regressur reduces this upward b;as

NEleVE (1971) and Ha%han and Ycung (1977) abﬁalned s;mllaf results

3

5 s

= 1 - = S = 3 =
5° \ _ ) . -

1
€

using a different error structure (a variance cgmpcﬁénts models w;th random -

but constant individual—spe¢ifi£ effects, see béicw) The éﬁape of thé
lagged dependent variable is biased upyardgwhilé the. slope of an exogenous

effect %ef;egéé'éhe negative

variable is biaEEd.dQWﬁwafd; The latte)
N . -7

way

correlation of estimators for positively correlated regressors. The

‘J‘i
auED elation biases pushes the slo p of tha lagged dependent variable
upwards and thereby pushés the slope of a_ccrrelated regressor dgwnwafds_

The results of the simulation éﬁudies do not apply directly to our,

model. Hére both KD and Y %;E LQFIEISEE& WLEh the dlgturbance in eaih
. ! - : |,

Zequatian while  in the simulation sty d ies the agg;tlanal regressor was
- : ' L

=

Aruitoxt provided by Eic:

Ve



e . e rr 5 / l““' Y ) i'ff'ai - o 'LB
- "‘natitgrtgla;éd wiﬁhatﬁe*diéiufbancéq "”“*" > 16 %g thé results seem

JV‘_*lhéléﬂ§E§%é§ima él§ Téke :quaﬁlcn (L) faf'exam:‘». !fhe}end flng ‘por .%Z

} u%ﬁ;éheféis'ﬁ;bange affEQEE both Y and Y drrectly but XQ Gnly 1 *% -

. lndlEFCtly thrﬁugh effects on E -t and effectg of Y -t @Sux,, These lﬁ?ifééﬁ

- x effeqts will usually %é much smaléer than the dlrgzt ff%étg; 'Ccnsquéﬁtiy
| .

ﬁ the EDrrEiEtan of Y, 3&fh the disturbance should be considerably higher

.

than thar af XD w:th Eh& same disturbance, Ihen the Egefficient ﬁf,i
a - : ~ . :

F

. will be mdre affetted by autaccrfelatlgn blasz It is not clear what @111

’r ar ¥
, be the effect of autocorrelation®gn the Slépe @f XQ Ih%sfdépends on

w

Ehquagnitudéf Qf the var;aus effects aﬁd the strEﬁgth of autdééfrelati@n:f

I ;%hqpﬁ assert that the, slope of XD will be biased t@?géds zero as _
: v : . -
L . ‘iﬁ!thebsimulatiqn studies.  Nonetheless it seems highly unlikely that the,
AN “a . ) ' !
. . s o\

b;as ;n this slope auld be pDSlthE In the cases we analyze I expkct
this bias Ea bé#relatlvely small and unsygﬁematis.
All but two of our empirical studies use OLS estimators. The

" results. just cited lmply that their Lstlmatéa'af slopes af the lagged
Jépendenﬁ variables will be biased upwarﬂs The estimates of the c gs§=
i ' k)
EffEEtS on which we base our lnfer3ﬁceg may be blasedﬁ;n Camplex ways..

=

6 But it SEEmagﬁﬁi&kEly that any QU§h biases will systeﬂat;cally distort our

-
"

inferences across the multiple analysas that we repart.
4
In two cases, Chapters 4.and 7, we correct for the most pervasive .

£

form ofs autocorrelation bias. In Chapter 4 we pool séﬁéral waves of

ER

. pSﬁEl observations and estimare models that include disturbafée terms
Fi - H !

that 'are specific g, edch nation. The nation-specific factors summarize

[

- the most enduring features of social organization and are assumed to be.

constant over the study period. The model should also control for unobse

ERIC
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. causal factors tﬁa Qhange slawly relat;ve to the prCESSéS under study.

Use of 3 pooled madel Enable us to ldenﬁlfy the ¢ausal structure and to
& L & B .
form generdli least squares estlmaEGfS of causal effeqﬁ% . These estimators

gave been shgwn to have gcad small ﬁample properties (Hannan and Eaéng, 1977).
g 'l ‘ Chapter 7 als;;xreats the facﬁafs pfadutlng iyt@carrelatlan as un- -
absarvig latent var;able$ ( Use of multlple 1nd1€ata£s pEIml;S 1éentlf1¢a—
. 5] ~
ELDH'Df a mcdg& witq‘latent varlabléf prcdu:lng ;;EDCDTYEIZElDﬁ for each

Lndicaﬁcf af the dapendent variable. The ngEiALS.estlmated by maximum

” - #
1i1-;g1..@ using Jﬂreskgg s (1959 §273) procedures for analyzing linear .
stru?turaliequét;gn meifls.; Ny B Y

rﬂ

b. ﬂétéfaszeastisizy: " The

assumption of constant error variance
'is dlso problematic for some of the outcomes we study. Some of our
= N = . [

‘outcomes. measure the scdle of a system, e.g., GNP, school entollments.

' - .
=

It is unlike}y that Euyéna, say, has the same error variance in e;tth
outcome as the Soviet Union or the&UéS! A small perCEntage devg tLQg,far
the latter is larger than thé'inétial level for the former. In general:
period EP period fluﬁtuatians for giant nations will be muéh férger than

those for small nations In other words, we expect that the error

variance for such

Ly
(2]

ale -variables to be increasing functians of the scale.
) KSﬁ Suppose the error variance of u, in equation (1) is proportional to,

‘say, the square of X, i.e.

0]
' ) = 0X.g° ' '
Var (u = & B )
a (ut) Sy J
Then, it is straightforward to correct for heteroscedasticityv by forming -}
weighted least squares estimators (WLS). The procedure is as follows.
& .
(this tfan;fmrm; Qhé -

Divide the entire structural equation by_XO
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giEEufbaﬁEE to ut/§£ which' has variance dei -- constant across values ~

&

of KB%. Apply OLS to thei;gansforméd Equatian'but treat the Caéfficiéﬁt‘
il “ .} . . . L Ji -d ,I .

afJxﬁ' as théﬁ%DnStéﬂtk Ehg;gpn;;anz aslche c@effi:i§n§ of EQ, andpthg

z@efficient;DEVYG/KD as the caé%kfzient;af YD, In other words, we continue

B

to fqQcus on the original structural equation and introduce-the trans-

. : s ' -
formation only to repair a problem in the distribution of the disturbances.
Thig  procedure has @ superficial siﬂilarity to use of structural ®
equation madels for ratios of ccmpoﬁenzs to scale factors, e.g.,
énféllméﬁt‘rati§5,é§E’Péf capfta. Much published research and some gt
our research deals with relations aﬁoﬁg'such ratios. Alternatively we

*

" treat the relevant scale factors, e.g. population size, as causal variables

in their own right. Using the first strategy we might.fegfess per
i ) ) ) ) - 7 ! VO ) < i
capitd GNP on lagged per capita GNP and some political variable. 1In.the
. é ’ ) ' ¢ o
second we would regress GNP on lagged GNP, the political variable;- and
: £ P

population size (perhaps at both time O and time t), Since, the litter
B - L

strategy is used much lé§s widely than the former, the matter deserves some
. +
comment .

. . f e 5 o [ ..
Ideally our theories would arbitrate between these formuations. Since

=

=
our theories lack sugh precision, we must use other criteria for choosing

between them, Use of ratio variables is commonly defended as a method for

ad ju

[we]

4]

ting or controlling for scale. ut the second formulation does

this as well, though the nature of the adjustment differs. Are there any

¥

other grounds for-choosing between the two? Some sociologists have

. , v
recantly argued thaf the use of ratio variables may complicate inference

. :«x"\ :
(Freeman and Kronenfeld 1973; Schuessler 1973; ?ugéuit and Lieberson 1974).

" They have noted particularly the difficulty that arises when one regresses,

AT

<3

1
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say, the ratio Bf expatflated profits to ENP on- GNP (ar GN? per “‘capita).

Sincg the ‘same variable, GNP, aﬁteafs in the numerator on one side QE . -

L

the equatian}and as a denominator Qn§the other, the falatlcnshlp'ﬁeﬁween

F : . _{i C (]

J0 fat;as is constrained. So, for example, a hypotheszixghat two
T

i
o
I

variables be negatively felatedi does not face much likelihood of being

=

eje t:ted ]

s N ) -
A more general problem has not been addressed in the sociological
. ]
literature. Cans;der a model in which 1970 GNP/PQp depends on 1950 GNPB/Pop and 195(
? relevant age group).
primary Enrallmenﬁ ratio (number of prlmary students divided by size of the/

The caefflcient for the cross-effect of the enrollment ratio on per capita
‘GNP summarizes a number of possible effgcts: thgséffect ot size of 1950*
enrolled prulaEan on 1970 GNP, af{nonlinear)effect of 1950 enrollments

' L]
on &970 papulatlan a@cnlinéa@ effect of 1950 school aged population on

1970 Eotal pcpula;ipﬂ aﬁd on 1950 GNP. 1 wauld not attribute the same
‘ subatantlve ngn;flcan:e to each of these effects. Therefore, I am
unwilling to summarize all these effects in alSiﬁglé term. I prefer to madei
the process in terms of primitive varia ables for this reason.:
My argument hinges on my substantive orientation. Other members of

our research group are more comfortable formulating arguments in terms

of ratio variables. So we do not speak with one voice on this issue.

¢. Measurement Error: Much of the work of our research project

i

EGnCéfﬁEd measurement. We were constrained by the availability of data
gathered by Lﬂtbér lgnal organizations and, in several instances, by

Fesearch groups. Howevér, we devoted considerable effort to comparing

M\

estimates of the same quantity from numerous sources, checking the,

»J]"*t
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internal consistency of various indices (both over time on the same .

index and across indices of the same construct at a point in time), ete,

2 A ; o N

Ag a result of this work,we believe that most of the data we use are of

high quality.' ; -

4

However, the sources of error in reports. of population size, GNP, and

school enrollments are well documented. Although we have eliminated

1

many gross errors (and during the period of our research the U.N.

&

:

published revised and corrected figures for the entire span we cover)
= Y . -

we have certainly not eliminated measdirement error. And, even random

measurement error biases OLS estimates of structural parameters. Elsewhere
(Hannan; Rubinson, and Warren 1974) we diSQusged at length the likely

patterns of random and nonrandom errors in these data. We proposed® and
o \
estimated ctudely some models with unobservable variables measured with

‘error by_gultiple indicators. Use of these models enables one to adjust
estminates of structural' parameters for both random and specified nonrandom
errors in variables. Chapter 7 contains a more refined analysis of

similar models using maximum likelihood procedures,

- however, .
We have not /used models with latent variables widely in our

research. They demand the use of multiple indicators. For several of

5

depeédencé, measures are available for only small numbers o6f nations
=

on any one indicator. Using several ‘indicators.at once reduces the

effective sample size below the levels at which a multivariate analysis
. ; o
an be trusted at all. This constraint is currently losing force as gaps

[y

Chapter 7, the most recently completed of

[5a]
1

n the data are being filled. A

e
I

<5
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thg empirical papifsj dggumeﬁE%, SufflEIS?t daca on palltlcal Qrganlza— :

tion’ afE now avallable far the sen51ble use Q§ unabservable vaflables <

models w1th mult;ple 1nd;aatars

- s
* 3

bEEDmE anreas;ngly important in fucufe reseatch on thése | 1$sui JIn

the meanwhile, we take cansalaﬁlan in the flndlngs in Chapter 7 and in

Hannan, RubLHSGD, and Watfen C1974) that many of the variables,we analyze are

measured quite reliably'by sacialcgical sﬁandards, t

d. Fun&tianal,?grm of Qela;;cnshipgt' Siruzt%;al Equaﬁi@nﬁmadals are

& Y = J & ) ] — ;;“J = & 3 i = 3 £
sometimes criticized for limiting attention to linear-additive relation- |
. . X - L o i
\ ) iR

ships. Such a charge has no basis in laglc or f A structural

i

-equation model can have any functional f@:mi' Some of the models we

estimate are linear in both variables and parameters, as in equations (1-2).
= . : \ ’
y Others dre linear only in the parameters, as in regressions of logarithms

of variables on laggE; variables and other varlables The reader can

establish that guch felatlsns are nonlinear by tak;ng aﬂtllcgs of the

equation. Finally some of the models we estimate are nonlinear in the -

parameters. For instance, in Chapters 4, 6, and 7 we estimate relation-

ships separately for rich and poor naticns. The functional forms used are

defended in the empirical chapters, ‘Ihis is not the place for éﬁy ex-

Ee§ded discussion. Rather my point here is to EmPhESLEE that the” structural

Equatian PéE%PECELVE we adapr does gnot restrict us to any particular sub~

stantive hypothesis, e.g., linear-additive relations.
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Most of our émpifigal:wark’inVlees variations on a Simple model.

We treat each outcome as a funétion (scm&tim&s,lineaf) of. a set of
lagged variables, including the lagged.dependent variable. This type:

of model entered the social science literature as an analogue to an

expeyiment. But the model is not completely general and 'in no sense
. R » )

doe$ it render caﬁ%al inference unproblematic. We-take the position

Ehat Ehe model must be treaEEdAas“a substantive model cf the process

_ and that the quallty of ;nferences from the model depends aﬂ the quallty

i ¥ :

Qf the substantive fEPIESEntathﬂ; I advanced three Jusclflzatlans for

the use of the Slmple mudel in our research. In Ehe aéurse'af stating Ry
thgsé afgumgnts, ;_iﬁﬂicaﬁed possible dlffliﬂltléSszth uSLng this model

i = . i

o3

R taistudy national sgecial change.

In lafge measure, thése_difficulties iﬁvgive the strangth of the ef-

fects gf changes in va ii les duriﬂg the study perlodJ If the EffEEES af changes
. are diffEfEﬁE in sign from the ,ffects of initial 15\7315i the basic model

ﬁ;ll ‘tend to misstate causal effects. ' For reasons that T outlined, I

£ . w

do noé=knaw and cannot détermlne emplrL:ally wh €r this is a problem in
s .

our résearch,. in effe:n, wa-havé ptéégeded under the assumptionm that the

effez;s of lﬂltlal levels of varlables represent feasanab;y well .the

. =
"

éffezts of all lévels that @zéur.ggfiﬁg the' period. ThLSQ.Eheng is the ..

major substantive assumption underlying our work. ' e

Wé'fejEét the view that special estimation procedures must b§

5

designed for panel studies. Instead, we treat the model as a structural

L

: equation model &d use structural equation procedures. Our work was
P .
' -}
¢ gl:
O
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A:ondu:ted during a period in which

’pfofound changea.

-certain- cnmpli:ations

sand mEaSﬂtemenﬁ error.

»
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~-never been applfed to .studies afiﬂatioﬁéi social zhénge.

L A Ve
'but with a sharper focus.. - _§ﬁ§e§§éve that

iiaiogicél méuhodalagy underwent

In the early ygars gf our research

1iterature did mat ﬂffer useful guidelines Qn.most esﬁ;mailcn issues.ﬁ

#. ~
HOWEVEZ rapid progregs has been made and sgciaﬂogists have- bégun.to
. #

utilize a widef varlety of esthnator%!

b t ¥

11«

A different epochs.of the pféjEEt reflect “some of these d;ffefencésﬂ

In our éarlier fesearch we felié&shaévily on ardlnary least squares

s &

estimators.

=%

; : ,ﬁ; . T -

In most cases the_m@tg complex prqgedures had
f Ed : :

oF

as did our aarller analyses (w;ch certain

5 E—
N =

o c =
i1t is important that future
the use of these

o o

research on national social change extend

procedures.. ..z

£ - Ry

e
A

o
]
#

Pl

! g, A i [ j C 7 ., \:

E

tha so:iclagical

Thexgmpirlcal :hap;ers compléced

particularly auta:grrelatlcns,hetergscedast;clty,’

‘Qur Exper;enee’
picture

EKFEPﬁlDﬁ5"2ﬁ1SEEgChapEEE 7),
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ltasarafeld‘s work aezually led ta two traﬂitians. His treatment of six-
teensfald tables (Ehe'full eross!classificatian of two dichotomous variabIES'-

measureﬂ at Ewa paints in time) invalved the line of thnught discussed An

. 4

-n;.Ehe text. At the game time, his treatment of EhE‘?Q calledégight Zfold
_-gabIE‘(the Egass-élassifiéatian of later measures on one Variable on the

_eérlier‘valueg af bath variables) was much claser'ta'the position we take.

2Fgr éxample, 1t is easy to develop simple situations in which sueh measures

‘fail, “For example, suppose XQ affezts Y but Y dges not affecﬁ "t

Euppésgffurther th;t X is highly sutﬁcagrelated hﬁ:fb is not and that XD

and YD are fegsénablj highly correlated. Then the cross-lag correlation
pggééﬂgréAwill-lead'ta the inference that.¥’causes X (the  ¢orrelation of
with QE). It is

Y, ﬁiéhgx, will be lazger than the cﬁrfelatian of XD

equally eaSy to come up with additional Eﬂmpllcarléﬁs thét have the same
cgnsequEﬁce far the crosé=carfelatlan test. Kenny (1973) has stated a set
of caﬁditians under which.a'gene§alizatian of crgss-lag cqfrélatign pro- -
ced&fe;yiélds valid inferences, These ré trictions are éxéeedingiy }
ireszfiqtive and éppéar to holivonly-fgr‘sysfems in equilibriﬁm (among

other things the cpntemggraneéus correlations among variables must be

constant over time). The §tructural-equation approach is suited to a wide

“range of situations beyond the "scope of cross-ldg ccrrelaﬁion:anaiysigf

3For reviews of th;sz fSpEEtiVE on panel analy51s, see Duncan (1968-69, 1972,

1975) Galdb er (197 ), Hannan and Young (192§)ﬂfaﬁa HELSE clgsg)ﬁ

=




