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, ~ pcœpo •• of thJ.. attad.7 1. """.to~cll ftr.tq, 

to proTide • IUOcÛlct o-ftl'Yl_ of ... llable "best-practlc.· 

tecbnoloci.. for .art~'tlon 1:n linear ~ •• iOl'l. Seooncl17 • 

ft :l.1Ok at wbat .COft~et. do. Rere.e •• t th. iIIportant . , 

que.tion or how qu1ctl.7 adftftce. 1ft sta'tJ.atlcaJ. the0Z7 are . 

... t.1lated intu releazocJl ac-tl",ltle. 'bJ' .conoaiats. PlM11,. 

ft oOlUJider certain area8 in ecOftOlaic. 'that woulcl b .... fit :rr0ll 

uee or "bes1:-pra~lce· .ethocl.. "'> 

OUr reeul ta show 'tut 111. are la an al:arJI1.Dc17 J.arp sap . . . 
betweert aclYaJlce. in nati.tloal _eo17 and it. ...iJd latioa 

mto eoonOld.o reeearob. 
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qette '1:Ude à 'trois' buta principaux. [4' abord 

pour taJ.re l '1nven1;aire de. .. .. iU...... t.cJmiqu .... 

Cben-practic. teclrrlolol'l •• ) exi.tante. pour l'eni_tlon 

en Nere.aiOft lin'are. Ensuite. pour jetter \Dl reprd 

aur c.· que tOll't le. 'oonOlli.te. dans ce d~1ne. On 8. 

po.e 'la qu.at1.on iIIportan-te conoernan1: 1& rapidi t'avec 

l.aquel1e 1 •• 'cOftOldste .... imilent ~ leur. activité. 
( , 

4. recherche. le. avance. tai te. en theorie statistique. 

P1Da1_nt. nows' conaiderone certain do_ines dans 1& 

,soience 'cOIlo.eque qui p8uyent bénétic~.r 1.e plus en 

u1:Uiaart oe ... ill.ure. "techniques (best-practice method.) • 

Ro. rtsu1 'tata d'montrent qu' il éxiste un 'cart 

o .. iclerabl. entre 1.es avances t'ai tes en thftorie stati.otique 

a1: leur ... t.11atlon en recherche 'conollique. 
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CHAPTER ONE 

Introduct ion 

In economic models involving heterogeneous capiEal, the spread of 

new techniques in production i5 often discussed. We cannot assume 

such techniques will be instantly adopted as soon as they appear. 

This would be contrary to -avai lable evidence on the spread of nev 

tecftn i que s and it vould neglect the real eost of adjustm~nt as 
Q 

existing procedures are dislocated and amended. A superior approach 

is to view nev techniques as being assimilated at rates that vill vary 

through time according to their embodiment in nev capital equipment 
#' 

and to the ,.Pace of the general movement in economic activi ty, 

especially as it impinges· on capital accumulation. This proeess 

serves as a us.ful analogy for introducing the important issue of boy 

quickly advance. in stati.tical theory find expre •• ion in the reBearch 

activities of econo.i.ts. As with capital, the coneern ia not vith 

small-scale activiti.. in research laberatories but rather vith the 

vider adoption of techniques outBide 

dev.lo~ent.l sources. 

There are tbree signifieant elementl 

the confJn.. of initial 

in the present 

cont .. t tbat provide a tentative proposition concerning 

economie ) 

the speed of 

a •• i.ilation.The general ~ntu. of .~irical r •••• rch in .conoaics 

and the availability of loft •• re "ckage. tbat are eonstantly being 

updated to 'iDelUde n .. statistieal.· procedure. voule! both 1.. to be 

iDdicat!.e of • favourab.le .mriron.ent for tbe a •• i.ilation of 
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statistical adyances. 

increasing stress 

evaluating research 

2 

To th,~."tvo characteristics, ve should add the 

being attachéd to istat i st ical cri teria for 

studies in professional literature and in 

applicatïons to funding agenc ies. Thus we might reasonably presume 

that rates of assimilation are rallid vith small delays betveen the ~ 

first appearance of nev statistical techniques and their common use by 

economists in applied research. Unfortunately, evidence that ve shall 

present belov ~flll reveal that this presumption is quite un-

warranted. The true picture of econometric practice (through aIl of 

the economics profession rather than among the .uch ama11er coterie of 

econometriciahs vi th narrower focus) is one of sen i l i ty. Publ i shed 

studies reyeal no sign of rapid adyance in the assimilation of 

statistical techniques. Indeed they show considerable persistence 

vith early .. ethoda, all of which ste. from deyelopaenta prior to the 

. onset of the modern era in econ01lletrics (about 1943 acco,bing to 

Itlein) and from develo~nts sssociated vith the first attacks on 
, . 

sutocorrelated errors in regteasion modela (more then 30 years ago). 

In 1983, the- journal TechnOlletrics contained an escellent review 

bl' Hocking of de"elopaents in the .ethodology of linear regreasion 

during the last quarter of a century. Thia surval' re"eall spectJacular 

vitalitl' in the espension of the cl.ssieal linear Dlodel. Altbough 

Konoaista' testbo~ka often e-.phali •• the si.ultaneous-equationl aodel 

cleveloped at tbe Co"l •• Coa.i •• ion froa the pion.ering efforts of 

l'risch, Haa.elJao, and Mann and wald in the decade of the 19'O~ s,- th .. ;' 
~, 
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remained the cl.ssice! one of lineer regressi~n wi~h some adjustments 

for autocorrelation, heteroscedasticity and structura! instability. 

joclting's reviev, therefore, provides a uSeful starting-point from 

whioh to begin our exploration of assimilation. The restrict ion to 
>' 

~ , 

single-eguation techniques viII not seriously distort our findings. 

Indeed it could be argued that this restriction might malte 

assimilation more rapid given relative levels of computational costs 
1 

and math.matica! e01lÎplexity. (It shoulc;1- be r~cognized toa that the 

tvo-stage leest-squares estimator .is the most discussed approach in' 

the simultaneous equations model and yet this is already more than 25 

years ald.> Hoçking's reviev vas dir~cted to an audience of applied 

statisticians but '1t can be read wit;'out making excessive demands of 

statistical or mathematical knovledge. 

Our purposes are straightforvard,. We begin vi th a brief account 

of wbest-practice" technologies for estimation in linear regression. 
, 

" These are already excellent descriptions provided by Belsley, Kuh and 
) 

Welseh (1980), Leamer ~1978), Bibby and Toutenburg (1977), and Cook .. 
> 

and- Weisberg (1982). These can be supplemented by parts of Judge et 
\ 

al._ (1980), Judge et al. (1982), and Greenberg and Webst,r (1983) 

while the major listing of historieal develapments remains a series of 

papers bYlHarter (1974-1975) in the International Statistical Review. 

Given this collective backdrop, our aecount is slight. l t contains 

the deline.tion of so ••• ell-d.fined categories, broad descriptions of 

particular techniques and citations for ~or references. The result 

is a skeletal outlin. only. Obvioualy va have been selective, giving 

/ 

, 
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more weight to advances that fit the economic contexte Preference for 

techniques that have been shown computationally feasible and that have 

had their application thoroughly explored does not need much 

justification. We sought to make apparent certain developments and to 

give general guidance for understanding the maze of available 

literature. To provide these, we have augmented Hocking's review w~th 

additional material from sources closer to economists (including those 

cited above) and inadequately covered in his reviev. 

Then we look st what economists do. An exploration on a larger 

scale might look et responses to a questionnaire sent to a significant 

proportion of the economics profession. Our alternative approach 

involves checking the contents of many leading journals for evidence 

of the use of the newer techniques cited in previous section. This 

approach is quicker, less costly and perhaps even more informative 

than that involving a questionnaire. In any case, the evidence on 

assimilation of best-practice methods is so clearcut that we have no 

grounds for believing other evidence might contradict our conclusions. 

Choice of journals for inclusion in our brief literature search vas 

influenced by intangibles such as professional prestige as weIl as 

such mundane considerations as our estimates of the relative size of 

readership populations. From this search, we hope to explore the 

overall picture of assimilation and also the differences among the 

8cceptance rates for the various categories. Some techniques may have 

been easier to implement or they might pave enjoyed greater popularity 

on other grounds. The results of our aearch can be used to judge the 
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quality of empirical research by economists. A slov rate of 

assimilation coupled vith the characteristies eited earlier is 

indicative of an improper situation. Within this, unvarrantad claims 

(or demands) that economics involves in a fundamenta1 vay the 

quantitative verification of its theoretica1ly-based structures seems 

to be unmatched by statistical sophistication. Evaluations vould thus 

be inadequate, misleading, or insincere. 

In our final section, ve turn from vhat is done to vhat might be 
• 

done. Thus va consider certain areas vhere best-practice methods 

could be used, 9ivin9 both justifi~ation and potential qualifications 

or constraints. The existence of techniques and a favourab1e attitude 

to their adoption in economics are ~nsufficient conditions for actual 

use. The techniques must fit the economic context and their benefit., 

as compared to those linked vith tra~itiona1 approach.s, must outveigh 
. 

the usual increase. in co~lexity and cost. Many adjust .. nts to tate 

account of statisti~al advanc.s also invo1ve i~licit challenges to 
f 

past habits of thought. Por ex.ap1e, they often involve Iteration, 

multiple uses of data, or different critical v.lue. so the 

Neyman-Pearson fra •• vort for stati.tical inferanc. is not as siBp1e as 

before. The comfortable aspects of dealing vith stable structures of 

knovn form, vith ve1l- behaved errors, and re1iable data disappear. 

They often cea.e to provida the given underpinnings of the newer 

techniques so that conclusion. from r •••• rch beca.e more tent.tive. 

Robustne.s and .ensitivity now appear •• criteria for deci.ions at the 

expense of such .tatic notion. a. unbi •• edne.. or con.i.tency_ 
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Although we touch on these issues 

6 

briefly, they are incidental to our 

primary objective. This remains throughout as the determination of 

the readiness of economists to asaimilate statistical advances into 

their reaearch practicea. The readiness, in view of the availability 

of suitabl. software, i5 to be identified vith actual use rather then 

with pious claims concerning the frequency of statistical analyais in 

economic research.A quality dimension (the wbest W in best-practice> is 

essential. 

• 
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CHAPTBR TWO 

The Stati.tical Background 

The historical development of the leaat-squares principle for 

estimating perameters of linear equations in the ta.iliar classical 

framevork can be traced back beyond 1809. Those interested in 

assigning credit for its first introduction vill be avare of one-of 

the most famous priority disputes in statistics, vith both Gauss and 

Legendre claiming the prestige for the inception of the least-squares 

principle. Papers by Plackett (1972) and Stigler (1981) have lought 

ta resolve this issue of priority but so.. aspects remain unsettled. 

From our perspective of best-practice technology, this illustration is .. 
very similar to certain attempts in the economie literature on long 

vaves of econoaic activity ta locate datas of basic inventions (vhich 

aight have provided the initial iapetu. for increa •• d grovth 
1 

in 

critical .ectors of national econoaies). Thua, in line vith our focus 

on the assimilation of techniques, our concern is not vith the 

priority issue for the laast-squares principla but rather vith vbat 

has. happened to this basic approach since its inception. Leaving 

remete developaents ta the historical ~urvey of Harter (1974-1975), va 

concentrate on the features of the '\ last quarter cantury as changes ln 

co~utational f .. sibility and research 

co~l.xity less burdenso ... 

An emphasis on computation.l burden 

criteria .. de additional 

~ il aasy to justify. The 

first one and half centurie. alter the inception of the least-squar.s 
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method vere a period of remarkable stability. Although tb.re .ere 

important developaents in the rapid evolution of theori.s of 

statistical inference, these vere not matched by pronounced chang.s in 

real applications in econoaics. practical difficulti.s affected the 

Implementation of adjustments to least-squares regression methodology 

50 innovations vere severely restricted. rrom 1809 to 1959, the user 

of conventional regression methods had to be satisfied vith analys •• 

of simple m~dels vith fev exogenous vari*bles. The solution of nor.al 

equations vith more tban 3 or 'variables remained difficult for most 

users. Obviously the computational bazards of this period .eant that 

there vas litt!e incentive for users ta forego simple linear equetion. 

af lov dimension and to turn tov.rd. the .sking of -interesting

questions. The quality of their efforts remained unchall.nged fro. a 

technical vievpoint. Suit.ble tests of this quality •• r. .itber 

undeveloped or not feasible. This si tuation ' •• s radically a_nded by 

the .dvent of high-apeed computational faciliti •• and bJ tn. incr ••• ed 

accessability of appropriate software. Opportuniti.e aro.e for 

extensions to larger and more complex modela and for tbe s •• rch of 
li. 

diagnostic techniques to check the relevance of varioue aeeumption. . . 
vithin a framevort of conditional specification. An inevi table 

concomitant vas a reapprais.l of purpos. vith the traditional pictur. 

of structural confirmation being augmented to include exploratory 

ele.ent. and sequential •• arch. 

Turning to the last quarter centurJ, .e .ould lite to find a 

• traightforward ••• ne of de.cribing the chenging stock of n •• 

l, 
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technique •• onfortunately tbeo.arioua deve1o~nt. in wbe.t-practiceW 

technologie. have no cl .. r pattern. arratic .hift. of intere.~ in 

particular ar.a. preclude., a •. yet, the pre.entation ~f an ~i.t~rical 

ta.ona.y. We are ca.pelled to follov an alternative .trate~ vhicb 

a •• ociet •• technique. vith their potential incidence. '1'0 faci1itate 

thi., e particular paradiga i. adopted here. Tbi. i. repre.ented by 

tbe content. of ~ab1. 1. Si.llar adoption ... y be found ,in Box 

(1979-1980), 'e11ner (1975) and in Cook and Wei.berg (1982) •. They are 

becoaing incr ... ingl, evident in .tati.tical t •• tbook. a. the advocacf 

for adoption of -beat-practic.- tecbnol09~e. beca.e •• y.t ... tic. Our 

ICh .... a. cho .. n to organ i.e our brief account of the. ratb.r then 

for advocacy. 
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scht!atic OUtline For M9d.l fittinq 

2. aSTlMATION 

( i ) Le.-st Squares 

(ii) liased Regre.sion 

(iii) Robust .stimation 
~ -

1. f'ORIIULA'1'ION 

(i) 

(i i) 

(iii) 

A •• u.ptions 

MOdel, Selection 

Collin •• rit!, 

, • CRI '1'1 CI SM 

(i) Diagnoltics 

(li) 'l'ran.formation 

(i) 

(ii) 

(iii) 

, -

Pittecs Nod.l 'l' •• ts 

Recuraiv. Re.iduala 

J.ckknifing and 

paeudo-R.plication 

J 
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7be lC~tie outlin. of th. table in4iclt •• four di.tinct stages 
1 

tut, ~or expositionar, purpo ••• , "'f be t.ken to be .equenti.l in 

pr.ctice. The .tag •• are ter.ad formulation, e.ti .. tion, inferenee 

and eritieis.. In f.et, our study of best-practice doe. not exactly 

follow the flov direction indicated in the .ch..atic outline of Table 

1. Rather ve only dl.eus. available robust technique. at the end of 

thi 1 cbapter. The rea.on for thi. minor adjust .. nt i. really quite 

.i8ple. Since it i. the critici ... tep vhich (through ita ........ nt 

of the appropriatenes. of our a •• uaption.) dictate. to u. the 

appropriaten... of partieular e.ti .. tion proceQurel, it therefore 

.. ke •• en.e to defer discu •• ion on th. avail.bility of altern.tive. to 

least square. until the end of the chapter. In Table 2, we pre.ent 

the general organization of our account. The re.der is advi.ed to 

refer back to thi. table •• he go.s through our diseu.sion on 

best-practice .ince it provide. a succinct overviev of the literature 

di.cu.sed and .hou1d pto.e useful in decipherinq the material 

developed here. T.ble 2 also provide. our reader vith a .elect 

reading referanc. on .ach technique, thereby, providing him a ,quick 

reading li.t to th. exten.ive literature. 

W. take as our .tarting point the cla.sical linear fra .. work for, 

if the clalsic.l a •• umptions are .atisfied, least square ••• timatorl 

are r,l.ti •• l, efficient in a cla.. containing many potential 

•• ti .. torl. Thi. "optimality" property of lealt Iquares vith!n the 

clas.ical fra.evork il mast often cited to jUlt!fy its ule in , 

.çirical vork. We, therefore, take the cl ••• ical framevork al our 
, 1 

\ 
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Widea~W and direct our tt .. t-.n~. a.ailability ~f best-practice 

teebnol09ies towarda the detection of any e1i.ergenee _frOli this ideal.· 

!his would •••• to be consistent vith the organization of .. n, 
econoae"trie t"eztbooks vhieh begin with the elassieal linear lIOdel and 

then pre.ent other id.al .odel., such al the Aitten fr .... ork or the 

li.ultaneous equation. model, a .... ndaentl to thi. initial point of 

referanee. The cla •• ical lln.ar 804.1, it •• lf, 1. charactarlaecl b~ 

four or five a •• u.ption., (Al)-(A5) inclUsi •• , tbat are liated belo •• 

The fifth as.~ion of nor.allf. distrihuted errorl il frequentl, not 

invokecl and" .. , be con.ldered a v~bl. addition.l el ... nt wben 

Itati.tical 
.. 

te.t. are lought. Our li.t uae. _tria 

notation. 

ASIIMP1'IœS or eLUSlCAL LllIIIAll JC)D8L 

(Al) 'l'b. obae"at'lona on a _sured variable y al'. a lln_r 

caablnation of tba obaervatlon. on a collection of carrier., 

with unkno.n fiaecl .eights, and raadoa error., 

,. D +u 

wbera , and u al'. vectorl of len9th T (th. n~r of obser.ation.), 
" 

1 is a .. trix of si.e K by T, and 1 il a vector of length K. 

(.\2) '!'he eapact" valu. of u i ••• 1'0. 

1A3) The errora bave a con.tant finit. variance ,'" and ara fI''' :' 
i 

froa autocorr.lation. 

(A.) 1. i. non-.toeha.tic and of rank K~ 

(AS) !he errors, al'. no~ll, di.tribut". 

• 
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A) 1QUA'l'1. SILIC'l'I. TlClMlQUl8 

Selection Criterla 

1) MULUCOLLllllAllTY 
Det;ectlod 

Iltt_tion 

C) CllTlClSll/,··IIIlL-..... 

D) IOIUS! ISTlIMtlal 

l' 

\ 

~ 

TAlL! TVO 

General Orl.nilation Of "at Practice 

SUI TOltC 

Ste,.!se leare •• t.a 
Ali Po.aible lelr ... ton 
"It Subtet lelr.a'ton 

a2 

MSIP 
ISS 
Pll88 
Cp 

vlr 
rarrar/Glaub8t 1. 
Ilaen Valuea, Condition Index 
Deco.poaition Var lance 

, 11dae lelresdon 
Principal Coaponent 
",.e.lan 

Di .... tici 
Traufonetlona 
leeurllve "aldual. 
J.ckbifl~ 

If 
1 
L 
t.p 
'''pt ive 

;/ 

(' 

f 

• 
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SUGG!ST!D REFERENCE 

Bfro~son (1960) 
Caniète (1965) 
Hoeking and Leslle (1967) 

Draper and Smith (1981) 
Allen (1971a) 
Daniel and Wood (1980) 
Allen (l971b) 
Ma 11 ovs (t 964 ) 

Marquardt (1970) 
FerraI' and Glauber (1967) 
Bela1ey et al. (1980) 
Bela1ey et al. (1980) 

8oer1 and Kennard (1970) 
~ Greenberg (1975) 
Tbeil (1963) 

"181ey et al. (1980) 
Box and Cox (1964) 
Brown et al. (1975) 
MUler (1974) 

luber (1964) 
Hoda'. and Le_nft (1963) 
ca.tvirth (1966) 
-raylor (1914) 
log (1974) 

~ V 
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.. turn ln the f011o.1nl -.ction. to the 'balic tapie., (A) 

..-tion .. lection teclmiques, (B) IIUlticol1in_rity, (C) critlcl_ 

and infer.nee, and (D) robuat .Iti_tion. ft ... topici Ar. split iMO 

2' lubcategori.l. Oltl .. tel, thil .urvey .i1l yield the balic list of 
~ 

belt-practice Itatfltical techniquel tut pr\Wided the fr_vork for 

our revie. of the contentl of 15 profe.sional journa11. 

1ilt is pre .. nted in our nezt cba~er. 
/ \ 

/ 

i ) Stepwi.. ae,r ... ion -

ftil basic 

.' 
\ 

In _ny econoaic lit_~on _11er. tare i. an iacCIIIIflete 

tlutoretica1 . background fra. eeona.icI, the probl_ of .. lecting 

.. riable. for a ragre •• ion equatlon beca.e. an i~rtant on •• ~ Over , 

the la.t 25 fe.r., a large l'l __ r of Plperl baYe Men publi ..... on the 

subject of variable .e1ection. 

baMd on a lubHt of the original .et of pre4ictoC' variable. le« to 

the d •• elo~nt of -Itepwi .. - regre'lion • (se. Dr~r an4 "itb 
.,.,'" 

(1981) for a detfnition of -belt·.) 

.fr0ta.on (1960) gave UI a procedure for introducing the carrier 

variab1el one at a tiM. At .ach .tep, hil procedure c1loo ... t • 

• ariable tbat gi.e. UI the gr.at •• t reduction in ~~ r •• idua1.ua ~f 

IlqUares. Thi s proces. 

variable. are ehterea 

il continuee! eitber until all the candidate 
-> 

into the ~l or until it i •• topped br an a 
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priori .. l~ted toleranc. 1 ••• 1. ~r. are tvo ba.ic v.rsions, 

Jorward •• l~tion and backward eliaination. 

'!'be.e .t.pri.. technique. _, be u .. ful variable-.election 

p~ocedur ••• Ho •••• r, .OIMI probl_ .r. evident·. rirat, tbey 

so.ttI.e. do not detect iI.portant v.ri.bl,.... Second, tb. forvard and 

bact.ard procedure. do not a1.a,. 9iv8 UI the .... conclu.ions. Th •• e 

and other probl_ bav.!Men disc:u.sed in paper. by Pope and Webster 

(1972), Mocking (1976) and Tha.pson (1978e,b) and ~k.r (1962). 

I~ttant paper. diacu •• ing .tep.i.. technique. are (1967) , 

Jennrich (1977), Dizon C196.), Berk (1978), "'le .(1970b), Allen 

(1971a), Pope (1969), Mantel (1970), An8Ca.be (1967), ... 1. et al. 

(1967}, "nd.l and Afifi (1977), Lun~ (1971) and Valiaho (1969) • . 

i i ) AIl Po •• ible llegre •• lon. 

tfIf 

.itb tlIe ... ilaltility of cJleap. bigb ç... cOIIpUutional 

facil! ti •• , attention focUHd on· tbe ... lOS-lnt of a1gori tha. to 

._in. and cOllpUte a11 po •• ible equation. froe co.binat~on.' of 

candidate ~ariabl... ?hi ... thod involv.. fitting all po •• ible .ubaet .' 
equation. to a ,iven body of clata, tbu •• ith 1 candidate v.riabl., •• 

k r • 
woulc! fit 2 eQUation.. Included in thi. i. an equation ·tbat bal all 

the 1 variable. and another tut containa only the SUlple _'Il. 
Gar.ide (1965) cte •• loped on. of the _r1f algoritbu for th!. 

apprOach. Calculatin, aIl po •• ible regr ••• ion. 9i ••• the anal,st 

... ...i .. inforMtioft "t the ft~r of equations to be anal,._ i. 

( 
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often large and not al •• y. fea.ib1e. For ex.-p1~, a s~t of 9 
.. • candidate variable. i.p1ie. 100king et 512 equations. This drawback 

pro.pted the de.el~nt of hast sub •• t regreasion diacus.ed below. 

Available literature on aIl possible regre.sion includes the book of 

Daniel and wood (1980) and papers by Furni.al (1971), Morgan and 

Tarter (1972) and Schatzoff et al. (1968). 

iii) ... t Sub .. t Regre •• ion 

.ub •• t regre.sion _thods t·ry to reduce the 

ea.putational burden of ea1culating a1l po.sible regreasions. The 
"'JI, . 

branch- end-bound procedure. deve19ped by Hocking and Leslie (1967) 

and ~te and Hocking (1970) are d.signed to find the wbest W subset, 

wi~hout calculating a1l po •• ible .ub .. ta. Purni.al and Wil.on (1974) 

introduced a .i_llar .. thod which ia highly efficient and haa recently 
. 

gained a gre.t de.lof popularitl'. '1'he .peper. bl' Beale (1970a), 

Lindlel' (1968), Anderlon et al. (1970), welsch and Peters (1978), 

r...otte <i"72), .e.le et al. (1967), Allen (1'71., 197'), -Mallo •• 

(1973), Aitkin (1976), Hela. (1974.), Rencher and Pun ,,(1980)« Hintze 

(1980), Young (1982), McKal' (1979), "skervil1e and Toogood (1982) and 

Hoçking (1977) provide rele.ant account •• 

IBLBCJ'IOII CRI'l'IIIU A 

'l'be tbr.. ..riabl_ .. lection tecbniquea introduced 10 far a ..... 
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each regression equation according to some arbitrary criterion. In 

the c~se of "stepwise" regression, ve generally- use the value of R~ 

from the least-square fits. In the last quarter century, several 

criteria have been' considered, some of these have been discussed 

below. 

3-
i) R • 

Th~e of Rl. as a selection criterion is straight forward and 

does not seem to need further comment. Dra~r and Smith (198l) 

provide an excellent description of its use. Lovell (1983) should be 

considered too. -
ii) MSEP 

1 Allen (197laf-introduces the mean square error of prediction 
, ..... 

MSBP criterion, for se1ecting an equation. This ia given by I(y,- p) 

when'p 

(1972) • 

carr'iers are involv.ed. For a further discussion see Hocking 

"'" Other c10sely related selection criteria have been ,uggeited 

by Mal10ws (1966,1967), Rothman (1968), Lindley (1968) and Gorman and 

Toman (1966). 

iii) RSS 

Use oflthe Residuel Mein Square, RSS as a basis for •• leating" 

.. 

, ;; 
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regression equations is described by Draper and Smith (1981). The 

relationship between RSS and the Cp (to be defined below) has been 

explored by Daniel and Wood (1980) and Chatterjee and Priee (1977). 

For applications of RSS and similar criteria, see Beale et al. ~67), 

Hocking and Les1ie (1967) and LaMotte and Hocking (1970). 

i v) PRESS 

Allen (197lb) suggested use of the predicted sum of squares 

PRESS criterion as an alternative to RSS. A complete assessment is 

provided by Thompson (1978a,b), Hocking (1972,1976), Younger (1979), 

Draper and Smith (1981), Anderson et al. (1972) Cook apd Weisberg 

(1982). 

v) Cp 

The Cp stat istic, introduced by Mallovs (1964), has ga'ined 

considerable acceptance as a good selection criterion. It i5 much 

eaaier to calculate than the PRESS stat istic and May provide us vi th 

the opportunity for ~ests of significance. The statistic 15 defined 

as a simple sum of two components; 

Cp • p + Sp (T-P) , 

"here P is the number of parameters in the candidate model, Sp is the 
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error mean square associated wi t.h the candidate model and 

error mean square of the true best model. Now if our candidate model 

is the true model then Sp .l. will be very close to zero and Cp - P. -~ 

On the other hand, if our candidate model il not very good, then Sp 

vi Il be far f rom fTa. and Cp wi Il not be near P. Clearly 'le are to 

choose that model that has a Cp closes't' to P. Hovever, to use the Cp 

Itatistie, ve must . t :L. est1Dla e fT independently. The method most 

common1y uaed for thia estimation ia to take the Sp that i5 obtained 

tram the model eontaining aIl of the candidate variables. P'or a more 

detailed exp1anation of the Cp statist ic, see Dan iel and Wood (1980). 

Other references to the Cp stat i stic include Draper and Smith (1981), 

Chatterjee and Priee (1977), Younger (1979), Kennard (1971), Kocking 

(1972), Helms (1974), Searle (1971), Mallo"s (1973) and Thompson 

(1978a,b). The plot of Cp against P ia discus.ad by Malles"s (1973), 

Gorman and Toman (1966) and Draper and Smith (1981). 

These 5 criteria assume that "collinear" relationships bet"een 

the /carrier variables are not severe. When ill conditioning of the 

data matrix is detected, the ridge regression technique of Heerl and 
, 

Kennard (1970a,b), provides UI with a selection criterion whereby the 

ridge trace is used to el iminate variables trom the equation. Rules 

of .limination are di8cussed by Chatterjee and Price (1977). Other 

important papers on select ion cri teria includa Anderson et al. (1972), 

Darling and Ta.ura (1970), Porsl'the et al. (1973), Gunst and Mason 

(1979), Haitovsky (1969 a), Kennedy and Bancroft (1971), Merula and 

Wellington (1979) and Mordherg (1982). 
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Il MUL'l'ICOLLIRARIT! 

DB1'BC'rION 

Near-àegeneracy of the signal .. tris in a linear .odel is often 

described as the probl •• of lIulticollinearitl'. Mason et al. (1975), 

Waapler (1970), and Ituaar (1975a) reviev so.e of the sources of 

Ilulticollinearitl', vhile Longley (1967) demonatrates 50 .. of its 

consequences. Well knovn consequenc.s of collinear data include 

incorrect coefficient signa (see Mullet, 1976) and un'table para.eter 

esti_tel. These and otber consequences make th. talk of variable 

selection and inference very difficult • Belov ve lilt SOIIe of th. 

ne" technologies that are ava i labl. to cletect à_generacy in th. signal 

and soae propolee! reMdi.s. 

i) Variance Inflation Pactor 

'!'he variance inflation factor VIPi vas su9ge.ted by Marquardt 

(1970) and il def ined as the reciprocal of (l-R1), where Ri is th. 

MUltiple Correlation Coefficient of any given carrier li regres.ec! on 

\ the re .. ining carriers. The proble.s vi th VIP s~ry statistic are 

\ tvo fold. First, it cannot diltingui.h bet ... n •• v.ra1 coe&i.tin~ 

near depend.nci.s. Second, th.re is no .et rul •• hen conlid.ring 

vhicb Vlr i. large. Por a further discu.sion on the VIP _.sure le. 

Sn.e (1983), Belsl.y et al. (1980) ane! Cbatt.rje. and Priee (1977). A 
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c1oae1y related atatistic ia that developed by Farrar and Glauber, to 

vhich ve nov turne 

ii) Parrar and Glauber R Statistic. 

• Farrar and Glauber (1967) IU9g •• t that if the R betveen one 

carrier and tbe other carrier exceeds the R'a.. of the original equation 

then mu1tico11inearity is a ser ioui prob1e •• 'l'heir diagnostic 

technique invo1v.s using the correlat ion _trix R or (X' J) ta measure 

the degree of collinearity. They assume the data matrix J ia a s .. ple 

of size T from a K-variate normal distribution,~ vi th co1umns of J 

orthogonal. Then,in thil,context, transformation of th, determinant 

of R i5 approximately distributed as chi-square giving UI a telt for 

collin.arity.Por a further aiscussion on this stati.tic and its 

dravbacks I.e Hiitovsky (1969b),O'Hagan and MeCahe (1975), K .... r 

(1975b) and •• 1.ley et al. (1980). 

i i i) Zigenv.1u.s, Big.nv.etors and the Condition Indez. 

'!'he us. of eig.nvalues and eigenvectors obtained from the 
, 

correlat ion .atrix of th. carrier variab1.s to cletect cOllineari ty is 

not nev. A ... 11 eigenyalue ~~ is uI.d to indicate a n.ar perfect 

co1linear relationship. See, for Ixaaple, Kendall and Silvey (1969). 
, 

'rhe prob1ell vi th tbis .. asure of co11ineari ty fs the fact that the 

eeono .. trician is not infor.cl a. to "bat i. "s .. ll".- The tena.ney 

( 
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ia, therefore, to take ... 11 a. clo.e to sero .. ting thi ..... ur • 

• oa •• bat arbitrary. Chatterj •• and Priee (1977) .u99 •• ted .. co.pare 

th. large.t .ig.nvalue vith the ... ll.st but did not futh.r aev.lop 

th. idea. Bel.ley et al. (1980) tate Chatt~rj.. .nd Prie.' • 

• uggestion and provide a suaaary inde. which 9iv •• us a .... ure of the 

number of near dependenci •• there are .. on9 the coluan. of the data 

.. trix X. This .... ur. i. teraed tbe ·condition index·. Thi. ind.x 

i. obtained by tating aIl the eigenv.lu.s of the .. tria X and th.n 

dlvlding the largeet aigenv.lu. by aIl the othars.' Thu. tha Pth 

condition inde. of • data aetrix X, or Kp, i. the ratio of A ... to Ap 

a. p move. from 1 to K. 

Belsley et al •• ugge.t that tha number of large valu •• a •• ociated 

vith this inde. indicate the number of near dependencia., vith ind •• 

v.lues of .ay 5 or 10 being indic.tor. of .eak depend.ncie •• ~il. 

value. of 30 to 100 indieating moderate to .trong d.pena.nei... In 

thi. cont •• t, th.y can a1.0 define our ov.rall .... ur. .tatietic 

provided by the conCii tion indea c.ll.CI tha -con4~,tion nu.ber- vhich ia 

d.fined a. th. ratio of A .. a to A .in and cl .. rlf .ither eac •• a. or 

i. equal to unit,. '!'heir condition nuaber ia obviou.lf the large.t 

value of the condition ind.x and provid.. a quict dlagno.i. on th. 

eonditioning of the data .. tria. Other .. t.rial on th •• ubject i. to 

be found in Golub and St,an (1973), Longle,. (1967, 1976)', Householder 

(19"), Wilkinaon (1"5), Stewart (1973), Van der 51uie (l"'), 

ltenne4, and Gentl. (19.0) .ncJ Hoctift9 (1'83). 
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iv) Singulat Value Deco.po.ition and Variance Deco.po.tion 

'!'he vork of Golub and Kahan (1965) , lu.inger and Go1ub 

(1969), 60lub and Reinacb (1970), Go1ub (1969), Hanlon and La"lon 
, 

(1969) and Becker et al.(19?) gave another approach. Tb. data .. trix 

X can be deca-poled lince there ezilt orthogonal .. tric •• 0 and V and 

a diagonal _tri. S having non- negati.e el_nt. 10 tbat Z i. OSV' 
~ 

and Z'X i. VSV· • 
! 

Tbe diagonal el ... ntl of Sare cal1ed singular 

values or tigenva1ues of x. The .. trices 0, V, and S contain on1y 

real n~rl and the singu1ar value. of J-are uniqu.~ with tbe nuaber 

of nonaero .ingular value. g1ving u. the rank of Z. Tbe ratio of th. 

largest to ..alla.t singu1ar value, which indica~e the conditioning of 

X, i. the condition nuaber ot x. 
It can be .hown tbat the •• ti .. ted varianc. of e.ch regre •• ion 

coefficient, can be deca.poaed into a .ua of tera., .. ch allociated 

vith a .in9ular value. '!'he -varianc. deco.poli tion- enabl.. UI to 

deter.ine the estant to whicb neat-collin •• r rel.tion~hip bet .. en the 

col~1 of Z ror es ... 1e, yariance 
.,.. 

4ecOllpOlition of the lo.t aquar •• a.ti_te • i*, 

-Var (a) • 
_1 

.-Jo(Z' &) • 
-.1. 

ra. V S V' 

.. l.leF et al. (1910) ha •• an ucelleftt e.polition on tbe u •• of th1. 

clecOllpOlition. Otber ref.renc.. on the .ubject ara Buaingar (1970), 

Golub (1968), Qol~ et al. (1'76), Real, (1968), Longle, C1976,1977), 
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Van Loan (1976), Becker et al. (1974), Be1s1ey (1976), Bels1eyand 

Kl ... (1974), Golub et al. (1980) and Kennedy and Gentle ('980)~ 

Having identified cOlline.rit, the nex~- question ia hov ahouleS ve 

proc:eed? 

BIASBD BSTlMATION 

A nuaber of alternatives to least-squares'have bien reco ... nded. 

The.e e.timator. are bia.ed but ma, be preferable to least square 

.stimators on v.rioua counts •. Some corrective m.asur.s, of course, 

mar he considerad befo / 

Tvo of tb ••• 

nev data. Both 

applie. bi.sed estimation tecbniques. 

of variables and the intrOduction of 

es have thei r drawbacks. Variable 

eli.ination often lead. to poer •• timatea~ and nev data are not alvays 
" 

obtainable at r ••• onable cost. 

i) Ridge Regres.ion 

The lIOat popular of bia.ad~ technique. i, the ricS,. ..ti_tor 
, 

introduced br Hoerl (1962) and Hoerl and Kennard (1970a, b). The 

ri~g.-re9re"ion .'ti .. tor, vith a .ingle ridge par .. eter k is defined 

hl the revi,ad norwal ~tion. 
A 

(Zlz + kI) B • Z't 

or ' 
A .. 1 

B • {Z'Z + kI} S't 

.. 

~ 

\ 
Il 
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Thi. asti_tor .ahibita better •• an aquared error properti •• tban the 

lea.t squares •• tiutor, vi th the ·ri~g ... tr.e." providing graphieal 

e.idene. of the eUect of collin.ar data. Th. literature on rid,e 

regr •• aion is very large. ~ibliographie.' are provided b7 Hoerl and 

Kennard (1981,1982), Alldredge and Gilb (1976) and Dr_par and Saith 
g 

Cl981)' 

,Paper. 4.a1in9 vith the ehoica of k ar. ~ter et al. (1977) 
~ 

and Gibbons (1981), "hil. pas-rs cri tic.l of th. ridga technique Ar". 

Con i ffe and Stone (1973), sai th and ca.pbel1 (1980) 1 S.i th (1980), 

Draper and Van No.trand (1979), Por the application. s .. Hoerl et al. 

(1975), Anderson and Scott (197.), Lawles. and wang (1976), Vinod 

(1976) and Ma.on and Brown (1975). Other illu.trations inelude 

Holl.nd (1973), Obencbain (1977,1978), Marquardt and Sn •• (1975), 

vinac! (1978), Stein (1956), S"aIIY et al. (1978), Ne"houae and OIIan 

( 1971 ), and Dvi vedi et al. (1980). 

ii) Principal COIIPOnent .sti_tion 

'!'hl. esti_tion technique util! ... 11n_r c:OIIIIinations of the 

original data .. tria, ·principal ca.ponent.·, to re.tate the linear 

regre •• ion aodel in t.r.. of~a •• t of orthogonal predietor variable •• 

Detail. Ar. a.ai1able in the paper. by"Ma.s, (1965), Jefferl (1967}, 

Mitchell (1971), Pr ••• (1972), Marquardt (~970), !tendall (1957), Lott 

(~973), Ha_kins (1913),Coniffe and Stone (1973), Hot.l1ing (1933), 

Gre.nberg (1915), Hoeking et al. (1976) and Marquarèlt and Sn •• (1.975). 
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Cldelf relateeS to tlli. approacb is a _thod propoaee! ~ Web.ter et 

al. (197.) called -Latent Root Regre •• ion-, An application of this i. 
/ 

gl'1e1l bf Draper àad SIIith (1'81) wbile technical aspect. Ar. di.cw..ed 
\ 

b7 White en," Gfst,l (1979), Gunat et al. (1971), and Jackson and Hearne 

(1973). l ' 
iii) .. ,..ian "i~ 

Any diacu •• ion of blaaed •• ti_tian teChnique. require. • .. 

...,tlon of "7 •• 1 ... _tbod.. IIOtable ... g tbe .. are the uae, of prior 

infor.ation to apacif7 the di.tribution of.'" th. l.positioft of 

constraint. on the .t. ba.ed- on prior info~tion, and the . 
introduction of 4~f variable.. The.e and otber .. y •• ian technique. 

bave betn cqn.idered b7 a.llner (1971), !heil (1"3), Lindl.7 and 

.. ith (1972), Ioa (1980), and ~r (1973, 1978). 

Tb. "f •• -like _tbod of -.iaed •• ti_tion- 4eveloped by Theil 

anel Golberger (1961) and '1'lleil (19'3), de •• rve. c~nt .inee it ha. 

gained eon.id.rable popularity ree.ntlf. It i. • •• , to eapl07 and 

doel not requir.. a full,.apeclfication of th. prior distribution. 

Miae4 e.ti .. tion is u .. rul when prior infor..tion i. available but 

ineo.pl.t., hlsl.y et al. (1980) 9ive an illustration uling the 

conlu.ption function. 
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C) CRI TI CI SM AND UIFS_CI 

OUr analy.i. ha. so far involved making 80me initial assumptions, 

.. lecting •• odel .nd ehecking for multicolline.rity. Now we question 

the validity of our vork .0 far, more specifically the appropriateness 

of our .s.u.ption. and quality of data. For this purpose, numerous 

aultipl.-regr •• sion diagnostic •• thods bave been developed. 

a .... reh.r. are nov able to ex.mine the residuals that result fram 

fitting a aodel. Pioneer papers in r.sidual ana11sis .re Anscombe 

(1961), AnSca.be and Tukey (1963) and Tukey (196~). Anscombe (1961) 

pr ••• nted techniqu.. for the detection of outliere and violations of 
. 

cla •• icai ••• UllPtions baeed upon examination of least-squares 

re.iduals. He d.v.loped statistical tes~ by coneid.ring -the 

distribution of r •• idual •• nd th. relationship bat.een the fitted 

value .nd the square. of resid .. ls. '!'he later paper by An.colÙMt and 

Tuk.y further deyelopa sa.. of the.e techniques. Tutey (1962) shovad 

ho. to obt.in info~tion from cuaulatiye re.iduals plotted on no~l 

probability pepere Th... paperl proyed to he the catalyet for an 
-

explo.ion of material on the subject of r •• idual analysis. In just 2 

y •• r. after An_combe' _ firet peper, nuaerous other papers .ppe.rad. 
, 

S •• , for exa_ple, Golàherger and Joche.e (1961), Kabe (1963), rreund . 
et .1. (1961), Goldberger (196~) and Zr_kind (1963). '!'he role of 

re.idua1. in revealing ana.alou. data later received a gr.at deal of 

attention .r. can be s.en in papers by Algner (197.), Bloaqvilt (1972), 

Levi (L973), NCCellua (1972), Wickene (1972) and.Rao (1913). 
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. i) Diagnostics 

-

Within the lin.ar mod.l the vector Qf l.ast-~ft--residuals is 

defined .s 

" .- (e,) • -:1 - Y 

• Py 
-, 

vbera p. (I-M) and M8(Mij) or X (X'X) X'. M- is often callea the 

·projection .. ~rix· or wbat .. trix· vith v.ll-kno.n propertie.. The 

relation.hip batv •• n the re.iduals. and errors u i. straigbtforvard 

sinee e i5 the lin.ar tranaforaation Pu. 

ia) Th. Projection Matriz 

The projection .. trix pla,s an i.portant role in data analyais. 

The -le.erage- of the itb data point is the ith diagonal el ... nt of 

tbe projection utria .. denotec1 br Ni i.:::::~ 'l'hi. 9ive. us our st:arting 
. 

point for revealing -aultivariate outliers-. Hoaglin and Welach 

(1978) augge.t .e uae a value of Mi i in exc •• s of 2JV'l' a. an 

indication of higb leverage. Belsle, et al. (1980) augg.st a similar 

di.gnosia uling an P test. Important properti •• of Mii, denoted as 

Hi i br lelsley et al. (1980) and Vii by C;ook and We i aberg ( 1982 ), have 

been discuss.a br Behulten and Draper (1972), Huber (1975), Davis and 

Hutton (1975)" Box and Draper (1975), Vell_n and Welsch (1981) and 

808911n, and Welsch (1978). 
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ib) Ordinary Re.idual. 

The uae of ordinary lea.t-~re. re.idual. to infer departure. 

fra. cla •• ical a •• u.ption. i. not n.v. '!'bes have long been ua.d to 
-

detect autoeorrelation, hetero.cedasticity and non-nor .. lity of tbe 

errors. The correspondence bet ... n e and u is not invertable and 

often large outliera aaong the true errors can be reflectèd in 

r.siduals of llOde.t .i... This happena ... the aquared-error cri terion 

v.igh. extre .. values heavil!. 

ic) Studentia.a _e.idual. 

The .tudentiut ion of the le •• t-square. reaidual. is a 

transforaation to obtain • Mt of re.iclual. vitb equal variance.. The 
~ . ter-a -.tudentiaetion- .a. fir.t u.ed by Margolin (1977). David (1981) 

.. te. a further distinction bat.een -internal atudenti.ation- and 
\ 

-.xternai .tudentization- vhich bas been explored bf Cook and Weisberg 

(1982) • The studenti*ed reaid .. 1 Along vi th. ac:aled verlion called 

RSND&N'l' introduc:ec! bf Bela1ey et al. (1980) are defined belowi 1 . 
.tudentized re.idual or Ti 

'ri • ., /1 -tl-NI i 

ISNÙIIIft or Ti. , 
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with 5 being the esti .. ted Itandard error of the whole model, while 

S ( i) is the est imated standard error wi th the i th ro" having been 

deleted. Other studies on the transformaton of residuals are 

5rikantan (1961), AnscoDlbe and Tukey.(1963), Ellenberg (1973.{1976) and 

Beckman and Trusell (1974). Welseh (1981) diseusses the eomputional 

aspect of this and other diagnosties. 50me non-graphieal techniques 

Uling tables of cri tical value. to test for outliers have been 

eonside~ed by Cook and Weisberg (1982), Stefansky (1972), Lund (1975), 

Prescott (1975), Miller (1966) a:nd Weisberg (1980). 

id) Diagnostics By Deletion 

'1 

A large nUDlber of nUllerical diagnostics aimed at detecting 

outliers tut have an unwarranted influence on the estimated 

coeffieients have recently been developed. AlI of these use as their 

building-block Ti and Mii. The books by Cook and Weisberg (1982) and 

Belsley et al.(1980) have studied most of these techniques. lt seems 

appropriate that ve develop one such diagnolt ic technique as an 

illustrat ion. A succinct sumaarization of these ro" deletion 

diagnostics is provided by Hoekinq (1983). 

The differenee in the B eoeffieients caused by the deletion of 

the ith ro" is tba Dla.sure callac! - DrBBTA by Belsley et al. (1980) and 

il defined as; " A "" 
-, 

- ( J: ' .z ) x. e. / I-Mii , . DrBITA • B - B( 1) 

_bera Zr i. the i th ro" of the .z .. trix. 
...... . 
B( 1) denotel' an •• ti_te of 
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B when the i th ro" has been deleted. A sca1ed version of DFBE1A .. 
called DFBETAS is a1so introduced vi th the sugges..t ion that 

observations are influentia1 if the abso1ute value of DFBETAS axceeds 

2/~ T. 

Other diagnostic summaries in this category are the CO~TI0, and 

DI FFITS cons idered by Be1sley et al. (1980), the Andrews and Pregibon 

(1978) APi statistic, th. Cook (1977) Di statistic and the Wilks 

(1963) A statistic. These and other multiple rov diagnostics have 

been discussed in Belsley et al. (1980). r Other interest ing papers 
." 

include Draper and John (198l) on the comparison between APi and Di, 

Bigam (1977) and Welsch and Peters (1978) on multiple ro. diagnostics t 
" 

Velleman and Welsch (1981) and Velleman and Hoaglin (1980) on 

computatiQna1 aspect of these diagnostics. Other recommended papers 

are Dempster and Gask'o (1981), Brady and Hawkins (1982), Coleman '. 

(1977) and Welsch and Kuh (1977). 

ie) Graph~ca1 Diagnostics 

Graphical plots have long been,"Lused to identify violations' of the 

c1assieal assumptio,n~. The standard plot of Yi against el generally 

diagnose,s nonlineari'ty, auteco,rre1ation and heterosèedasticity. 

HOlfever, in the multivariate case, th.se plots often fail to defe"èt 

violations., Recent1)' variou8 other plots have been considered in 

providing better dlagnosia_' The use of 'studentized residual time and - , 

probability plots have heen favbured by Andrews and Pregibon (1978), 

-o 
" 
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Behnken and Draper (1972) and Bels1ey et al. (1980) in detecting 

outlying data points and violations of our assumptions. The use of 

"partial-regression leverage plots" to hel~ decide if the inclusion of 

a nev variable enters linearly into a model and provide important 

information on the effects of outlying data points has gained 

considerable popularity with statisticians. Cook and Weisberg have 

called these plots "added variable plots". The use of these plots 

have been demonstrated by Belsley et al. (1980), Draper and_ Smith 

(1981), Anscombe (1967), Moste11er and Tukey (1977), Weisberg (1980) 

and Ve1leman and Welsch (1981). Two c10sely related plots serving the 

same purpose are the "partial residual plots" a~ indicated by Atkinson 

(1981,1982), and "residual plus component plots~ as noted by Wood 

(1973) and Larson and McCleary (1972). The use of "probabi1ity plots" 

to check if the distribution of the error is normal is an important 

diagnostic tool. The shape of the probability plot will depend on the 

difference between the assumed distribution (in our case normal) and 

the sample distribution. If the semple distribution is short tailed 

and we assumed a normal the probability plot will tend to be S-shaped. 

A long tailed sample distribution on the other hand will give us an 

elongated S-shaped plot. Skewed sample distributions usually lead to 

a J-shaped normal probability plot. These plots also can be used to 

detect outliers in a particular sample. However, the proper use of 

probability plots does require some practice. A good starting point 

would be the training plots provided by Daniel and Wood (1980) and 

Daniel (1976). The use of probability plots have been discussed by 
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Draper and Smith (1980), Zahn (1975a,b), Andrews and Tukey (1973), 

Daniel (1959), Sparts (1970), Wi~k and Gnanadesikan (1968), Belsleyet 

al. (1980), Atkinson (1982) and Mallows (1982). A summary statistic 

for a probability plot has been provided by Shapiro and Francia (1972) 

and is further discussed by Weisberg and Bingham (1975). Also see 

Cook and Weisb~rg again. 

Today numerous other plots are available. The techniques 

associated vith exploratory data analysis (EDA) are described in Tukey 

(1977), Mosteller and Tukey (1977) and MeNeil (1977). The Analysis 

Center at the Wharton School has prepared an extensive collection of 

programs designed for interactive analysis of data using EDA 

techniques. The package enables the analyst to obtain Box andtihisker 

plots, stem-and leaf plots, comparison box plots, and diagnostic plot 

for nonadditivity. (See Stein (n.d.) for more information.) Also see 

An sc ombe (1967), Behnken and Draper (1972), Andrevs(l972), Mallovs 

(1982), Pasternack and Liuzzi (1965) for further discussions on 

plotting techniques. 

ii) Transformations 

The transformation of data is so .. ti .. s required so tbat our 1 
model bas a constant error variance, approxi .. tely nor .. l errors and a , 

meaningful structure. The family of ·pover transfor .. tions- of the 

response variable vas firet studied by Box and Cox (1964). Tbey 

vorked vith a paraaetric f .. ily of transforaetions fra. 
(A) 

Y to y , 



where the paramater ~ defined a particular tr.n.foraetion. 

con.idered the following tvo ex.mples: 

l)/~ (,.~ 0) ( A) 

1 

(y -

ln y 

for 1>0 y -

( ). - 0) 

.nd 

A, 

1 

« 1 +)..) -1) / ~, 

ln (f + )..J 

("-ri 0) 

1 - for y +~O 

("'- 0) 

3' 

'!'he y 

Cook .nd Weiaberg (1982) bave. 9004 gen.r.liaation on this loz-Cox 

t.chnique. Mor ... thoda for •••••• ing the need to tr.n.for. the 

respon ••• are provided br Atkin.on (1973,1982) .nd Andre.. (1971). -

They cite .. thod. that .r. ba.ed on predictor vari.ble. developed fra. 

the origin.l ~ta .et or ·conatructed v.ri.bl •• •• Th.ir Mthod. 

provide QUict and efficient di.gnostics. P.pers bf Dr.per .nd ~unter 

(1969) and Hill (1966) develop graphie.l techniqu.. tbat help •••••• 

the neea for a tranafo~tion. Alt.rnativ •• to the Box-Cox f .. ily .re 

.odulu. and folded power tr.n.for.ation. .ugge.ted by John .nd Draper 

(1980) and Mo.t.ller and TUk.f (1977). The .. prove .uperior under 

c.rtain condition. which bave been outlined bf Cook and weiaberg 

(1982). Generaliaect ver.ion. of tu Bos-Cox tran.for.ation. bave be.n 
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consid.red by Bickel and Doksua (1981), Carroll (1980~, Carroll ~d 

auppert (1981) and Hinkle, (1975). 
"-

The transformation of variables is not just 1imited to that of 

transfo~ing the r •• pon.... Box and Tidw.11 (1962) proposed a 

procedure to select transformations of the carriers. Th.y asaume that 

the response y can be vritten in the form; 

("il 
vhare xy is 

K 

Y,· E 
j-l 

tha tran.for.ation of tbe jth carrier. 
\ 

'l'bair _thod bas 

been furtber ezpIored in pepers by Dolby (1963~ and Box and Draper 

(1982) • 

iii) aecursive •• sidual. 

1 

lIn econaaic ana1y.aa, the queation about the atability of 

ragr.a.ion r.latlonabip o.er ti .. i. gen.rall, an !8pOrtant one. Tvo 

i.portant approach •• that te.t thi. stability are that of Chov (1960) 

and the ·Cuau.· and ·Cuau. ~re.· te.ts propq.ed by Irown, Durbin 

.nd avana (1975), a preliainary aceount of wbich is gl.en bf Brown and 

Durbin (1969). Thi. latter test is uaeful when departures of th •• '. 

frOli conatancJ' are curactariaec!. bf _ny j~ vith unknovn 

.te~points. Tbe ca.putation of thi. t •• t can be carr~ed out ua!ng 

the TINVAlt statistic.l pickag., • guide to whlch is provicJe4 by Ivan a

(1973). The rth recur.l •• r •• idual ia defined aa 
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Rr - Por r-k+l, •••• , T 

where Xr-l i5 the data .. tria eontaining all observationl until the 

(r-l)th ti .. periode The Cusum test eaa.ines the plot of 

r 

Wr - L Rj /G-

j-k+l 

against r for r - k+l, ••••••• ,T to eheck for Itability. Irown et al. 

propose the use of a pair of 'line. lyin9 s,...trieally above and belov 

the line Wr - 0 sinee large departures of Wr fro. • (Wr) - 0 indieat.s 

instabilitl'. 

The use of recursive resi4uals il, not li.ited to .tability 

t.sting. Hadayat and Robson (~970) and Harvey and PhilliP8 (197.) u .. 

the •• residual. to t.st for h.teroscadi.tieity and autocorr.1ation. 

Other paperl on th. ('subjec:t are rar.brother (1976) and Scbweder 

(1976). 

iv) Jaekknif~ng and P.eudo-Replieation 

Th. technique r.ferred to as th. jackknife ean'be traced back to 

Quenouille (1949,1956). This teehnique assu.e. tbat bia. and ..-pl. 

lize are reeiprocally related, vi th the bi •• being repre •• nted by a , 

pov.r seri •• 1 + (lIT) .. 
+ C1/'r ) ••••• , • Her. T i. th. -..pl •• iae. 
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Th. j.ckk~ifing technique giv •• ua an •• ti .. te for th. varianc. of 1 

a. noted by Tuk., (1958), Hinkl., (1977a) .nd Bfron and Stein (1981). 

It al.o provid •• us vith bia. reduction technique. • •• tr •••• d bf 

Scbucany et al • (1911) and Hinkl., (1978). Miller (197&) i •• goo4 

• urve, of jackknifing. ether ree.nt pepet. on th. ba.ic th.or, 

inclueS. Finifter (1972), Ilfron (1979.,b)~, Fos et al. (1979), Duncan 

(1978) and Most.ll.r and Tut., (196.). ~o calculate th. ·e .. ct , 
jackknif.·, •• batin by .plitting our ..-ple y. •••••• ,~ into 9 9ro~ 

.ach of .ise h. 

ca.plete aa.pl •• 

"" Let 1 be th. l.ast-square ••• ti .. tor ba •• d on the 
A 

Let I(i) be tbe corr.sponding •• ti .. tor bas.a, on th. 

reduced ..-pl. of .i •• (g-l)b vber. th. itb group of ob •• rvation. ha. 
~ 

been l.ft out. ~. consequence of g.ner.ting I(i) vith tbi ... tbod i • 
.... 

tbat th. 9 •• ti .. t •• I(i) .r. usuelly corr.lated. !b ..... ti .. t •• c.n 

be .. de approsi .. tely ind.pendent br a lin .. r tran.for.ation to obtaln 

• ... udo-".lue.· bf the fonnala 

- ,. ~ 
1(1) • 9 • - «g-l) I(i» por 1 • l ••••• ,g. 

Th. ...n of t..... ~udo-•• lue. i. tM aI'Prozl_tiely abia" 

j~kknif ••• ti .. t. vitb reduction in bia. by (l~) and c.lculated a. 

9 ,. (L J(i) )/t 

i-1 
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,.. 
The jackknife esti .. t. of variance of 1 can nov e.si1y he computed 'as 

~ 

S • 

~ . ~ EfI'e 1) J- e1/g)( Ele i» 

9-1 

D) ROBUST BSTlHATIOH 

Robust e.ti .. tors .ere deve10ped sa a. to provide d •• ired 

protection again.t departure. fram the Gaus.ian fra .. vork by iapo.ing 

re1atively le.. .eight on outlying data point. vhicb have an 

unvarranted effecta on le.st-square •• tiaeta •• Soae of th.se 

consequence. have bean discu •• ad in rinney (197.), Pox (1972), wi1k. 

(1963) and Barnett and Levi. (1978). Develo~nt. in robot 

e.tiaetion c.n be categorized into 5 di.tinct group., and labe11ed M, 

R, L, Lp and ada~ive. Here •• discu •• th.ir ba.ic difference. and 

provide th. n.c •••• ry ref.r.nc ••• 

'If i) M-B.ti_tion ' 

• 

e.tiutor •• Given th. usuel lin.ar 8Ode1 • robust •• ti .. te of • 
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" 

vh.r., il a .ui tablf •• 1ectec1 10.. funetion and ~ 1. a robuat 

acale •• ti .. t. tut. -f be det.rained pr.viou.l,: A large nuaber of 

alt.rnative 10.. funetion. ba •• been sugge.ted for ua. h, diff.rent 

autborl. Huber (196.) sugg •• ted tut.e uae for our robu.t •• ti_tor 

tb. _ai.u. lik.libood, •• ti_tor of the location par ... ter a •• ociate4 

vitb a denait7 tbat il lite a noraal in tbe aiddle, but a double 

esponential in tbe taill. Hi., funetion i. 9i .en br, 

- k le' - k/2, lei > t 

~ Princeton .tud, undertaken br Andre •• et al. (1'12) anal, ... 

the Huber' function con.ldering variou. alternati.. t value •• 

Purtber reference. Ar. Andre •• (197.), Huber (1972,1'73), Anac~ 

(1967) and 'Iiekel (1975). Cl .. rlf th. choiee of , i. a ... iaportant 

'one .nd tbis ehoiee depend. on tbe type of distribution one ••• u.e. 

likel, for tb. errora. A choie. of I( • ). 1/2 + c: (the nor.al loa. 

funetton) vill lMd to 1 __ - acauare. esti_t... Otlter 10 •• funetion. 

, 
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.0 
, 

.... ' ..... at.a _tA 1 psi1~ '(D?!),' .... _. (187*,., JIüt.. ... \'a1Wac 

(1975). Applieations..gf ... of tb ... ar. giv.n by Denby and Lar •• ft 

(1977) and .. 110*. (197'). Hogg (1977,19?9) ar. appropriat. r •• i •• 

PlPlr •• 

ii) R-a.ti .. tion 

R •• ti ... or. Ar. .lao .' 8Odifieation of the l ... t-e;uar. 

procedur.. In l_.~-aquar •••• aini.i •• 

'1' 

E .. 
(..f, - K;.) 

lIow .a _note the rank of (ri - lIi.) bJ al, -bleb 1. ~ function of a" 

and then alniat •• 

-'1' 

1: (~- ... ) ai 

t-1 

Differant ,en.~ali .. tlon. of t~ cboie. of Ri l .. d to diffar.nt R 

.. ti_t... CCI_on choie •• Ar. the .ileoaon ana lIIdian .cor... Other 

eodifieationa of R •• ti .. t •• ha •• been discua • .a br Hodg •• and Le~nn 

(1963), ",..n and carroll (1977), Hettaanaperger and NCK.an (1977), 

• ~aeck.l (1972), Jurecko.a (1971) and Polie.lle (1976). 

•• ~'-
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lil) L-Isti .. tion 

Isti~t.s derived by tating linear coabinations of order 

.tatistics are called L .sti_tors. &zaapl •• ef L .sti .. tors ar. 

sample median, tri ... d .. an and weighted averages. SOM co~n , 

.sti .. tor. in thi. category are the wGastvirth •• ti .. tor-, br 

Ga.tvirth (1966), vhich i. a weighted average of the 33rd, 50th and 

66th percentil •• vith respective weights of .3,.4, and .3. Other well 

known L e.timat •• are provided by Tut.y (1962) and Jaectel (1971a). 

The •• and other L •• ti .. te. have be.n di.cu •• .a by Chernoff 

(1967) .nd Andre •• et al. (1972). 

iv) Lp-B.tl .. tion 

Lp eati .. tion requir.a solvin, th. probl .. of aln181aln9 

,. p 

~ Iy -a al for v.rioua fiaad P 

1-1 

et al. 
\. 

W{th P equal to 1 •• bave th. LI •• tieator which bal be.n referred to 

(in tbe literature) by variety of n..... Ca..on a80ng the.. ar.; 

ainlau. or least sua of abaolut. errora (MSAS,L5AB), aini.ua or l ••• t 

abaolute deviatians (~,LAD), aini.ua ab.olute error •• (MAI), l.a.t 

abllOlute valu. (LAS) and l .. st abaolut. r •• idual (LAR). US. of th. 

, 
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double • .pon.ntial funetion vithln the M •• ti .. tion fr .... ork .ith 

'(.) glv.n bf 1., + c yi.lda non. oth.r then our Ll •• ti .. tor. 

'2 

When P .quals 2 •• have l •• st-squar... C~rl.on of •• ti .. t •• 

. obtain.d bf •• ti_ting P .bov. and below 2 .ill provide kno.led~ .of 

un.arranted lev.rag.. Wb.n •• incr •••• the value of P above 2 •• put 

gr.ater .eight on larg.r r •• idual •• hile a. we fix value. of P below 2 

v. r.duce the .weight on large te.idual.. 'l'hu. larg. chang.s in 

•• ti_tee! coeffici.nt. for a rang. of value. of P indicate outliers. 

LI •• ti .. te. ciK'be solved it.ratively using g.ner.lized l.a.t-~r •• 

algoritbas. The id.. being straight-for.ard. Obtain an initial 
• A 

.sti_t. of 1. on. choie. could he lea.t-squar... Th.n con.ider the 

•• ight cho •• n a •• i • (~- ail) and th.n alni.la. br choie. of b 

2 -. 
vi Ilj -a, bl 

If contint*! it.rati".l!, tbls. procedure 9i... ... th. L1 .. tlaat •• 

It.ration i. usuell, .t~ .h.n chAn,.. in the •• ti .. ted coeffic.nta 

Ar. _Il. Alt.rnative1!, ve coule! choos. other •• igbt.. "per. on Lp 

.. tl .. tion Ar. br ~aflor (197.), ..... tt (1978), Hill (1977),Narl •• nd 

- Spath (197.), Schla.-.cb.r (1'73) and RollaneS and Walscb (1977) who 

further 4eacribe thi. t~bni... ft. bibliograpbi.. bJ Gentl. E-1917) 

aad aennecJf aneS Gentl. (1980) should .1ao he coa.u1ted. 
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v) Adaptive Robuat Eltimatorl 

~, 

'3 

Hogg (191') suggests .e' •• lect our robust elti .. tion procedure 

on Ob.~~ the saap1e data. 
, 

ba.ed In our discu.sion so far on 

robust .sti_tion, selection of a' function like Huber's choice and 

the 1eve1 oftri_ing .ere filled by prior con.iderations before the 

..-pl •• as observed. Adapti.e procedure. provide several selection 

criterion tbat he1p UI better select the appropriate robust procedure 

after a 1Ulp1e has been .sseabled. Jaeckel (1971b) .uggests that the 

1 •• e1 of tri .. ing (~) he .e1ected so as to aini.ize the standard error 

of .(~), the ~-tri--.d .. an. H099 (197.) furtber sU9gests soae test 

statistics that help deteraine the choice of tri .. ing basad on the 

..-p1e kurto.il and two .tati.tics ca11ed Q and Ql, .hich us. order 

statistics of the .. ~l. to identify tai1 1ength. Thes. adaptive 

robust .sti .. tors .. y 9iv. better re.u1tl then non-a4aptive approaches 

a. indicated by the Monte-carlo studi.. undertaken by Wagaan and 

carroll (1977). Tb. Princeton study reviewea sa.. of the •• adaptive 

versions but failed to consider the possibility of short tai1ed 

distributions. Hogg (1974) Ibedl soae light on the UI. of adaptive 

v.rlion. in this contezt too. Papers by Takeuchi (1969,1971), Von 

Beden (1970) and Shorack (1971) provide further res.arch on adaptiv. 

robu.t e.ti .. tors. 

• 
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Concluding Remarks 

Pinally as suggested by developments in this chapter , econometric 

analysis is an iterative process in search of a useful model vith the 

nwaber of iterations ~epending on our satisfaction with the assumed 

model. As Snee (1983,p.232) interestingly puts it. 

-Models are alw.1s wrong because we will never 

know the true state of nature. The relevant 

question is, is the model useful? Practioners 

and methodology deve~opers alike should keep 

this view in aind as they evaluate the results 

of their analysis and statistical research". 

Here we have outlined some of the available best-practice 

t.chnolôgles that could help us evaluate the correctness and 

con.istency of our .ad.l and data. Before .nding, we would like to 

dra. attention to the ever increasing support from statisticians in 

favour of - robust esti .. tion technologies. Criticism employing 

diagnostic checks .. y be insufficient because some discrepancies are 

not .asily detectable. It ~s on these grounds 50 many argue, 

suggesting that when developing models, one sbould robustify them 

against .uch contingencies. This suggestion does not in any vay 

di.inish the iaportant role play.d by criticism. We must remember that 

eriticiam and robustn •• s are not substitutes but coaple .. ntary in 

nature. Both tools sbould be consid.reG in practice. 

1 
i 
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CHAPTER THRE8, 

Sur vey of Journal. for use of Best-Practiee (1974-1982) 

The primary goal of this study lS to explore the assimilation of 

best-practice statistical techniques in the empirical research of 

economists. Our approach is a simple one. we consi~er the cont'ents 

of 15 leading economic and statistical journals in the light of the 

brief outline of statistical techniques that was provided in Chapter 

2. The choiee of journals to be appraised in this exploration was 

influenced by our own ranking of them by prestige. It was also 

affected by the rankings given by Hawkins et al. (1973), Qster (1980) 

and others. The 15 journals are listed in Table 1, which indicates 

the mnemonic coding that we have followed in the two later tables 

presenting the results of our survey. In the first column of Table 1, 

our basic ranking is given. We differentiate between economic (8) and 

statistical (S) journals and suggest two levels of quality. The 

superior economic journals are the Quarterly Journal of Economies, the' 

Journal of political EconolllI, the American Economie Review, the 

Review of Economie Studies and Econometrica. The second group of 

economic journals includes the Journal of Business, the 

Journal of MonetarI Economies, the European Economie Review, the 

Journal of Mone!, Credit and Banking, the Journal of Econometr ics, and 

the Review of Economies and Statistics. These Il economic journals 

seem to cover Most of the areas of economics. We have not tried to 

rank journals within the two groups but such rankings sre given by 
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Hawkins et al. and Oster. Among 8 journals identified by Oster, the 

highest prestige and familiarity ratings vere to be found in the 

orders that are 

publ icat ions. 

recorded in Table 2. Oster only considered American 

Her lists give strong support for our choice of 

superlor journals. Similar support comes from the ranltings of Havkins 

et al. that are presented in Table 3. Our llst does not include the 

Economie Journal, Economica and the Journal of Economie Li terature 

which are recorded as in the top 10 according to their prestige by 

Hawkins et al. The list also does not include the 

Harvard Buisiness Review , the Oxford Economie Pagers, the 

Journal of Finance or the Southern Economie Journal vhich scored 

highly in terms of familiarity. These omissions, taken as a vhole, 

are likely to lead to an exaggeration of best-practice use especially 

vhen ve recognize the alternative inclusion of newer journals such as 

the Journal of Monetary Economies, the European Economie Reviev and the 

Journal of Econometries vi th which Havit ins et al. vere unfami l iar a 

decade ago. The choice of the Journa! of the American 5tatistical 

Association and the three journals of the Royal Stati_tica! Society 

does not seem to calI for much explanation. 

In the final column of Table l, ve provide an amended 'lrouping 

that might be appropriate if the incidence of best-practice 

statistical techniques in pepers vere to be 'liven high veight in 

determining the ~!ity of journals. A justificatiog of potential 

changes in ranking will be 'li ven later. Some of these changes may be 

surprisin'l. Among the. vas the need, as we sav it, to introduce a 
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further category of !3. 
, 

Our inquiry surveyed the contents of the 15 journals throughout 

the period extending from 1974 to 1982, searching for evidence of 

usage of best-practice statistical techniques by econoaists. Results 

of this survey are described in Tables 4 and 5. l'rom tbe background 

that vas described in Chapter 2, ve took a basic collection of 36 

statistica1 techniques. These vere assiqned to 8 broad categories 

vith beadings of (1) robUlt esti_tors, (2) diaqnostic plots, (3) 

diaqnostic summary statistics, (4) equation selection, (5) recursive 

residuals, ( 6) transforma t ions, ( 7 ) jackknifing, and ( 8 ) 

lDulticollinearity and içrecise esti .. tes. The tecbn iques are li sted 

on the left band s ide of Table 4. Wi thin tbe _ in body of this table, 

ve use at! "X" to indicate vhether a specifie technique vas used or 

suggested for use in an article. The code for the journal, its yeer, 

and the ini tial page of each paper is indicated at the top of the 

table for reference. Tvo illustrations can establisb bov tbe contents 

of the table should be read. The first journal in our list, the 

Quarter 11 Journal of !c:onOilics, contains .only " pepers tha t use 

best-practice metbods during 1974-1982. One peper vas published in 

1974 and this involved the generalized Box-Cox technique. The salle 

IHthod vas also used in a paper published in tbe journal during 1977. 

1 n tvo other papera during the reference period, tvo other 

best-practice .. thods (Box-Cox transfo~tion, recursive residuals) 

vere found. Turning to our eleventh journal, kono_trica, ve find 

isolated pepers in 1974, 1975, 1976, 1977 (tvo),1978 (two), 1979, 
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1980, 1981 and 1982 (two) that us. such _tbods. One paper in the 

1978 vo1uae (beginning at page 33) us •• robust esti_tors including 

N-, L - and Lp- Ile t hods • 

Although the paucity of entries in Table" speats for itself, w. 

fe1t that a list of findings .ight be us.fu!' We turn to these now. 

~. 
Pindings: 

1) P'rOil 1974 to 1982, the general trend in allimilation of 

belt-practice Itatistical techniques is upward but tbe relative change 

in the eltent of us. between 197' and 1982 i s not very large. Thi s 

vie. is supported by tbe tendendes revealed in the entries of Table 

5, .hich record the y.arly incidence of usage for tbe 36 techniques. 

The bottoll row of Table 5 indicates an incr,ase from 20 cases of use 

in 1974 to 33 cases in 1982. Tating 3-year Averages for 1974-1976 and 

1980-1982, ve detect about a 30 percent increase. 

2) The entriel in the botta. ro" of Table 5 should also be 

1 inked to the n1Dlber of journa11. 1 t i s c lear that, even in the 

"best Ir year, the inc idence of papers invo1ving any of the 36 

statistica1 techniques is about tvo papers per journal per year. 

3) Table 5 a1so provides a sUJIIIUlry of the use of individuel 

techniques in its final column. It is clear that there is a 

considerable range of individuel entries here. Recursi ve res iduals 

and Box-Coz transformations are most in lvidence whereas many other 
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technique. are al.o.t n.v.r cited. The individual entri •• , bo.ever, 

.hould al.o be accœulatee! to fora black total.. 'l'he •• Ar. 65, 19, 

10, 33, 28, 37, 5 and '3 for the 8 group •• 

,) Robust •• ti_tion technique. •••• to ha". gain.d .0IIe ground 

through the periode Our survay found 65 instances of their us •• ith 

M-esti .. tes more popular than the other on ••. 'l'here is little 

discernible trend to.ard increasad usage, ho.e"er, if.e ignore the 

fir.t tvo year. 1976-1975. Tvo-third. of the citeeS instances are 

found in th. four .tat i.tical journals of our list. Thi. l.a"e. th. 

econoaic journals to sbare an a"erage of ju.t a li ttle .ore than one 

paper .ach in 9 years. 

5) Precursors of the Chov t.st for structural stability can be 

tracee:! back about 35 year.. Recursive r •• idual. provide a ..ore reeent 

al terna t ive. Th. Y are • i.aple to explore and repr ••• nt a 

straigbtfor.ard eztension of the Chov te.t. We found 28 in.tance. of 

the u •• of racur.iv. re.idual., about 3 a y .. r on average. '!'hi. i. 

surpriaing in vi •• of tbe general a.ailability of the TINV'AIl soft.are 

package. IncJeecJ, although one of th. aore frequ.ntly used techniques 

in our collection, ita a.aiailation into econOilics i •• till inadequate 

conaid.ring th. n~rous publications that parsist vith the Cho. t •• t. 

6) The us. of th. jackknife and pseudo-replieation see~. to bav. 

eluded the econoaic 1o..uni ty totalll'. We found only 5 in.tance. of 

th. u.e of th. jaeltltnife, of .hich on1y one .a. in an econOilie 

journal. This neglect fit •• ith th. predOiainance of .ignificanc. 

te.t~n9 and the gen.ral introcluction of nonali ty by econOlli.t. e.en 
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vh.n the rang. of .conOilie variable. i. obVio~.lf eon.trained (.0 a. 

to prelude no~lity). It al.o fit. vith t~e negleet of plot. of 

re.idual., partial regre •• ion leverag •• l ... nt. and ~rtial re.iduel •• 

'!'h ••• _liber. of our .econe! group of .tati.tica1 technique. are •• 1e!0II 

fqund in econOllic journal •• 

7) Multicollin •• rity i. often citee! both in ec:ono.etric 

te.tbook. and in actuel applied r .... reh a. a .. jor probl .. affecting 

•• ti_tion bf introducing bia. and re4ucing .ffiei.ney. Y.t the ua. 

of the availab1. be.t-praetic. technique. to deteet .ulticollin.aritf 

and to _ke appropriat. adju.tMnt. i. rare UIOnCJ econOlli.t.. '6 

in.tanc.. of u.e v.re found. It .y be that th.re i. growing 

aeeeptabilitf of biasec! ..ang atati.tician. and 

econa.etrieian. but there i. not ba.i. for thi. vi •• in our data for 

incidence. .. can detec:t incrH..s u.. of rie!ge regr ••• ion but a 

total of 10 in.tanee. in the 1a.t 5 year. of our ..-pIe i. cl .. r17 

in.uffiel.nt to juatify opti.i .. vith th. rate of a •• iailation. 

8) AIlong the technique. tut v. eon.idereeS, th. tran.for.ation • 

•••• to have been a •• i.ilated ac.t. Barly budg.t .tudi •• d .. ling with 

con.~ion •• penditur.. e!iacua.ed the choie. of .. tbeaatical fo~ 

for tb. variable. that th.y invo1ved in fitted equation.. ~. lin .. r, 

logarithaic and ... i-logaritbaic for.. Ar. f .. i1iar to reader. of thi • 
.... 

.. rly literatur •• Sinee ao. and Coz .U99 •• ted their f .. ily of 

po •• r-•• rie. tr.n.fo~tion. over tvo decade. ago, •• .houle!' •• pect 

tbea to be a c~n f.atur. of ec:onOilie IIOdel.. OUr r •• ul t. f iad 

.videnc. thet u •• of the Box-Coz tran.foraation. i. pr ••• nt iD tbe 
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journal. vi th an average of ~bout • paperl per year invol ving .ucb 

transformations. Hovever, the ·paor levels of incidence in 1979 and 

1981 sugge.t tbat a •• iailation by econo.i.t. has yet to advance .till 

furtber. 

9) Tvo of the r .. ining groups of tecbnique. are di.gnostic 

.u.aary st.ti.tics and ~tion selection .. tbod.. The fir.~ of tb •• e 

uy he too "ne." vith .ore rapid a.siailation to be expected only a. 

the effortl of Cook and W.isberg, Andrev. and otber. beca.. better 

recognized. Our survey end. in the y.ar of publie.tion of th. 

textbook by Cook and Wei.berg, vhicb could serve al a .. jor in.tr~nt 

in tbe spread of tbese diagno.tic stati.tics and the aec.pt.nce of 

·critieisa" a. an integral part of tbe r •••• rch proc.... Tbe second 

group is, ve suspect, used but not report.d. It i. v.ry unlikely that 

.. ny eeonOliist. bave not used .t.pris. regre •• ion a. iabedded in 

soft.are packag... Step.is. and stagevi.. ..tbods .. y be hidd.n fra. 

our sight becau.e the u.er. of .oftvare are unavare of tb. 

i.plieations of the choie.. that are pre •• nted to the. in soft .. r. 

10) OUr .urve! of available graphical diapo.tics provieSed u. 

vith furtber .vieSenee on the liaited a •• iailation of be.t-practiee 

into eeon~tric analy.i •• Of the 5 technique. .urveyad, nor.al 

probability plot. recorded th. larg •• t incidence of u.e<lO), vbil. th. 

oth.r , have lov rat.s of usage. Con.idering th. iaportant 

inforwat ion provided hy th •• e _ plots on •• ould e.pect. far great.r 

rat. of aSli.ilation then tbat indic.tee! by our .urvey. Again it i. 
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litelf tbat econa.i.tl, in rttCant f.ar., bava u.eeS .0IIe plotting 

techniqu •• but hava not r.port.d thi. practice in th.ir papers. 

11) Tabl. 5 .~riz •• tb. incid.nce of bea~-pr.ctic. technique. 

in th. 11 .conOllic and the ".tati.tical journal.. The e.ic!ence 

provided by thil table point. conclusiv.lf to· th. f.ct tut the 

qualitf of .-.pirieal r •••• reb und.rt.t.n by econOlai.t. i. on. of 

•• ni1i tf. 'rh. • •• iailat,ion of be.t-practic. into ecôno.ic. i. 

n.gligab1e and th. 1 ••• 1 of .tati.tical .opbiltic.tion eabarra •• ingly 

10 •• Althougb sa. tèchnique. lit. recur.iv. r •• idua1. and the 10a-C:Oa 

power tran.foraation. bave gained r.lativ.lf higher rate. of 

a •• iailation -~ other., th. ov.rall .ituation i. on. that i. 

di.turbingly .10.. rinallf our re.ult. cl.arly point out that th. gap 

bat ... ft th.ory and practica i. al.1'IIin91y large and ecoftOililta au.t do 

sOMtbing about thi. diacrapancy if th.y .ant to .u.tain crecJibili ti. 

12) In the final col .... of hble l, •• prewi4e.n ~ 

ruldng, ba.ad on incidence of n u.. of be.t-pr.ctie. .tati.tical 

technique. in the 15" journal. lur •• yed. fte.. r.nting. baye .... n 

calcu1at~ gi9in, higla weight to th. n __ r of ti •• be.t-practice 

etati.tical tecbnique ••• r. usee! in _ch journal. 'l'be ach_ uNd in 

thi. ranting ia a. follow.,-. rant of 3 .a. introduced for journal. 

ha"ing 1 ••• tban , incid.nce of uae" a rant of 2 _. 9i •• n to journal • 

• "in9 'to 10 incidene. of use, while journala ... "ln9 80re tun 10 

incidenc.. ba •• been 91 •• n a top ranlr:ing of 1. POl' eZUlple, the 

_l'tlFl! Journtl oC lR_ic. wllich i. the fir.t journal 'urY.'" in 

table " bal in t ,.ar. publi.... onlr " al'ticl.. uai... t ..... 

•• 
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be.t-praetice .tati.tical tecbniqual c:on.idered by our sur".l'. .. ... 
" , ' 

, \ 1 

on thi ••• ba •• giv.n thi. econOilicl journal a rank of 83 in th. final 

col...- of table 1." Itrongly reca..enc! tut thi., aur.el ranking be 

conaiderad wben ...... ing tb •• qualitl' of the .erious publicationl 

lurv.l'K. 
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Quart.tlf Journal of &concale •••••••••••••••• 

Journal of Political &conGa, ••••••••••••••••• 

-'-rican &concalc Revi.. • •••••••••••••••••••• 

Applied St.ti.tic •••••••••••••••••••••••••••• 

Journal of Bu.in... • ••••••••••••••••••••••••• 

Journ.l of Monetar, Icona.ic ••••••••••••••••• 

&uropean &conoalc Revi ••••••••••••••••••••••• 

Journ.l of None" Credit and .. nking ••••••••• 

a.vi._ of 8cona.ic Studi ••••••••••••••••••••• 

Journ.l of 8cono.etric ••••••••••••••••••••••• 

Jl 

J2 

J3 

J. 

J! 

J6 

J1 

JI 

J9 

Jlg 

&con~tric. ••••••••••••••••••••••••••••••••• Jll 

Revi." of 8conoaic. and Stati.tic. ••••••••••• J12 

Journ.l of tb. ROfal St.ti.tic.l Society, Ser.A Jl3 

Journal of t~. Ro,.l St.ti.tic.l Ioci.t" Ser.. Jl' 

Journal of th. ~ric.n Stati.tic_l AI.ceiation. Jl5 
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B1 
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&3 
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al 
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52 

51 
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TABLB TWO 

"nking_ of Journ,l. br pre.tige and .... iliarit!, Olter (1980) 

Pre.t i9.1 ' -------------

~rie.n Bconoaie .evie. (Bl, J3) 

~oDOIletriea (B1, J11 b 
Journal of politieal Icono.y (Bl, J2) 

Quarter1y Journal of Bcona.ies (81, J1) 
• Re.ie. of &conoaic. and Stati.tic_ (B2, J12) 

International Bconoaie Revie. 

Soutbern konOilie Journal 

kona.ie Inq,dry 

.... iliaritl" 

~ric,n ~onOllie ".ie. (&1, J3) 

Journal of Politieal Iconoar (al, J2) 

.. 

55 

Quarttl'ly Journal of Iconoar (&1, Jl) /konc:.etriea (al,Jll) 
" !outberD BconOliie Journal 

".ie. of lConoaie. and Stati.tics (a2, J12) 

konOilic Inquiry 
,,' 

International konoaie Revie. 

Ilote. por ..,..,nica, .er 7ab1e 1. 

Soure.a Ostel', S. (1910), aOptl_l Orcler-, _rie.n leon_le ... i •• , 

.01. 70, 80. 3, June, pp. ".-"1. 
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TABLa '1'HRD 

Bantingl of Journal. bx Pre.tig' and r .. iliaritzl Ha.kins et al. (1973) 

Prestiges 

1. la.riean &conoale R.vi •• (BI, J3) 

2. Journal of Politieal Bconoay (&1, J2) 

3. Iconoaetrlea (BI, Jll) 

t. Quart.rly Journal of Bconoaies (Bl, Jl) 

6. R.vi •• of Sconoales and Statistics (&2, J12) 

9. Revie. of Bconoaic Studi •• (Bl, J9) 

Journal of th. ~rican Statistical As.ociation (51, J15) 

21. Journal of ausin ••• (&2, JS) 

22. Journal of Mon.y, Cr.dit and Banting (&2, Ja) 

P_iliarity: 

1. Ameriean &concaie Revi •• (&1, J3) 

2. Journal of Political Sconoay (Bl, J2) 

3. Quart.rly Journal of Bc:onoai'cs (BI, Jl)/8cono.etrica (8l,Jll) 

10. Revi,. of &concaies and Statistic. (82, Jl2) 

11. Journal of tb. ~rican Stati.tical Association(S1,JlS) 

Mot't por MalOnie., 1 •• -rabl. l. 

Sourc'I Hawkin., R.G., L.S. Ritter and 1. Malt.r (1973), ~t 

Ik:onoaiats 'l'bink of '!'h.ir Journal.", Journal of politieal isop.,. 

Vol. 70,No. 3, pp. 1017-1032. 
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TABLa PIVS 

Annuel Pattern. of Incidence 

1974-1912 

YBAR 7. 75 76 77 

N-s.ti_tors 0 1 2 1 
L-s.ti_tors 0 0 2 0 
R-S.ti_tors 0 0 1 0 
Lp-a.ti_tor. 1 1 3 1 
Adaptive-a.ti .. tor. 0 0 0 0 
Studentiae<! ".idual Plot. 0 0 1 0 
Nor.al Probabilitl Plot. 0 1 2 0 
Half Noral Plot. l 0 0 0 
Partial Regre •• ion Leverage Plotl 0 0 0 0 
Partial ".idue1 Plot. 0 0 0 0 
Nii-Crit.rion 0 0 0 0 
Di-Cook. Distance 0 0 0 0 
nrUTA 0 0 0 0 
Dl'PI'rS 0 0 0 0 
COVRA'1'IO 0 0 0 0 
Wilk. Stati.tic 0 0 1 1 
5tudentiaed ... idual. 0 0 0 0 
APi-Andre ••• regibon Stati.tic 0 0 0 0 
... t SubMt .. gr ••• ion 1 0 0 0 
All Po •• ible 5ub •• t "gr ••• ioft 0 0 0 1 
Ster:i •• Regre •• ion 4 2 1 5 
Na1ow.-ep 2 0 0 2 
Recur.iv. Re.iduel. 3 2 2 3 
Boz-Co. !Tan.fo~tion 3 2 1 9 
aos-Tid •• ll ~ran.for.ation 0 1 2 1 
GeneraliSe<! Boz-Cos 1 0 0 1 
Jackknif. a.ti .. t •• 0 1 0 0 
varianc. Inflation .actor 0 0 0 0 
R-Farrar and Glauber 2 0 0 0 
lIig.n Value 0 0 1 0 
ConeU t ion 1 nde. 0 2 0 1 
Veri.DC. Dec:.ition 1 0 0 0 
"fe.ian 1'echn qutt. 1 1 1 1 
lliaed •• ti_tion 0 0 1 0 ai. lte9r ••• ion 0 2 1 1 
Principal Coaponent 0 2 0 0 

'ft)'fAL 20 18 22 28 
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78 79 80 81 82 TOTAL 

2 2 5 2 3 18 
2 0 1 2 0 7 
1 0 1 1 0 f 
1 1 1 2 3 1f 
0 0 1 1 0 2 
0 0 0 0 0 1 
3 0 3 0 1 10 
0 0 2 0 1 f 
0 0 1 0 1 2 
0 0 0 1 \ 2 
0 1 0 0 0 1 
0 1 0 0 1 2 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
l 0 0 0 0 3 
2 0 0 0 1 3 
0 0 0 0 1 1 
2 0 0 1 1 5 
1 0 0 1 0 3 
2 0 0 1 3 18 
1 0 0 1 1 7 
3 5 3 1 6 28 
3 0 , 1 4 29 
1 0 0 0 0 5 
1 0 0 0/ 0 3 
0 0 1 1 2 5 
0 0 1 1 0 2 
0 0 0 0 0 2 
1 1 3 2 0 8 
0 1 0 0 0 f 
0 0 0 0 0 1 
0 0 0 0 1 5 
0 0 0 1 0 2 
1 2 3 2 2 14 
1 1 1 0 0 5 

29 15 33 22 33 220 
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CHAPTBR POUR 

Suggestions for Assimilation of Best-Practice Methode in Economies 

Certain areas in economics vould obviously benefit from the use 

of the best-practice techniques outlined in chapter 2. W. cannot 

point out aIl circumstances in economics vhere this use is beneficial. 

Hence, discussion should be limited to specific situations in practice 

vhich seem to demand using wbest-practice- œethods because their 

benefits (as compered to traditional approachès) outweigh the usual 

increases in complexi ty and cast. Our discuss'ion encompasses four , 
basic areas i) spread and prec i sion, i i ) robustness, i i i ) 

multicollinearity and iv) criticism. The use of equation selection 
. 

and recursive residuals techniques in economics does not requir~ 

further justification for ••• i.ilation. Since their purpose is 

straight forvard, ve can refr.in trom further discussion. 

i) Spread and Precision 

Most econometric vork involves using finite samples to estimate 

econo.ic hypothesis and infer their consequences. What eeonomists 

very often tail to r.alize is that finite sample estimates have 

infinite variances and tharefore interenee based on estimates of 

.pr~d gen.rally provide aisle.ding inferential conclusions. This 
" 

r.alization al.o earrie. forv.rd to systems. It is a well knovn fact 

tbat the co.-only usee! tvo-stage le.st squares est i .. tes have 

\ 
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infinite variances when finite samples are involved. We ~erefore 

recommend that economists use robust estimates of spread, obtained by 

using the jackknife and pseudoreplicatio~ techniques outlined in 

cbapter 2 to generate confidence intervals using the sample at hand. 

The use of jackknife and pseudoreplication techniques i5 not just 

limit~d to obtaining estimates of spread. Often non-normality and 

non-symmetry of errors can be checked by a plot of a distribution 

generated by pseudoreplication techniques using the aveilable sample. 

This method also provides the economist vith prior knovledge of what 

kind of distribution to hypotbesize. 

ii) Robu8tness 

&conomic data are often characterized by non-normality. In such 

situation. least-square estimate. often lose their attractiveness. W~ 

tber_fore reco .. end tbat robust estimators be considered in all 

econometric practice vith bath least-squares and robust estimates 

being computed. A comperison of the tvo vill provide important 

information on the distribution of the errora. If the two estimates 

obtained differ to a large extent, the practioner is at once varned'of 

large leverage. Robustification does rot guarantee optimality. 

Inst_ad the.e estimators try to ensure thai~hey will be fairly good 

over a .ide range of possible distributions likely to be encountered 

in practice. Bcona.ists cannot under any pretext rule out the 

.sisten~. of sbort and long tailed cbaracterization of their errors. 

• 
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This is clearly 50 "hen economlC variables Iike consumption, 

investment and participatlon in the labour force are of a constrained 

range making it impossible for the errors to be adequately 

characterized by nor_lity. Tbis fact cl.arly sbeds scee light on tb. 

qua li ty of est butes for conslDIpt ion and l nvest_nt funct ions tbat are 

obtained by eeonomists using the least-squares IDethod. P'inally, if in 

doubt as to "bat distribution for the error is to be specifie<! tb. 

prudent course would be to use robust technique. at tb. cost of a 

small premium. 

iii} Multicollin.arity 

The prpblem of collinear carriers bas long plagued econoaetric 

estimation. This becomes even more aeute when the 

avare of tbe problem or the degree of damage caused 

practioner is not 

by its presence. 

We therefore, strongly recommend that economi sts put the coll inear i ty 

diagnostics provided by Belsley et al. into common practice. Tbe 

variance decomposi t ion of the est imated parameters into a SUD! of terms 

each associated vith a singular value, lS an excellent tool. It 

provides the economist vith an accurate assessment as to the degree 

of collinearity and the potential damage to his estimates. The 

obvious solution for esti~ting parameters with collinear carriers is 

to use the biased estimation techniques outlined in chapter 2. 

Bconomists might also consider extending these biased techniques to 

.,.t ••• vhich could lead to further tbeoretical developaents. 

, ' 
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Economet r le research undertaken by econoDli sts .. 

75 

l!I a dynamic 

process lnvolving a nl.JlÙ)er of lterations, a fact clearly brought out 

by our dlScuSSlon ln the early part of chapter 2. St.tlC analysls has 

no part to play, Slnce a great deal of lmportant lnformatlon is always 

obtalned through thlS dyn.lllic process. Part of this dyn .. ic process 

l nvol ves the important role played by cri t ic i sm wh l ch provides an 

effective IIM!chaniUl by WhlCh to check if the initially hyphothesised 

assUllpt ions are in fact true. The role of diagnostics using available 

best-practice plots and resiàual analyais to detect outliers should be 

routine pract ice in aIl econometric worL Economiste should also be 

avare of the pre-test bi.s affecting interpretation of significance 

test routinely undertaken. Pin.lly econolllists must incorporate both 
o 

criticism and robustification in all empirical vork since criticism 

performed may not always provide an effective check for model 

performance. We, therefore, recommend robustification to support 

a na lys i s w i th po t en t i a l f • i lu r e s 0 fer i tic i sm . 

Oltimately, economists must remember that use of available 

best-practice i5 in no way limi ted to ou.,r f indings which consider sorne 

general areas of possible use. The potential for "best-pract ice" 

methods in economic research i s vast and a rapid assimi lation of these 

technologies will help foster more credible economic research • 

• 
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