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In applied,cconomic research, it is often found that 

bo~r.:.ded \Vi t;hin c•srtai11 rango or bounded 2:t o:."J.8 e:c.l,d & 

,:;se bounded variables, some take continuous values within 

the lower and upper bou..11ds while other can only take ce:c·:ain 

discrete values. A variable r.:easurcd with ''ra-t;io'f or Hpe::::.0 cent 11 , 

instance, will ta.lee &'1y continuous values between O and 1 

or O · and 100 ~ llmvever ~ a binary variable such~whether 

purcb.ases a particular piece of farr;1 machinery or not? o-r whether 

a cor.:.sumer chooses a particular brand or no,t,; will ta}ce o:nly a 

dichotomous values of either O or l in terms of probabilities@ 

1:,hcn a bounded economic variable is designated as a dependent 

varit2 .. ble ir.1. a regression f~unction ~ a :r-esearChe:r ·enconnters rnany 

i:1etb.odological problems and difficulties in statistical ,:::stimation,. 

.3otl1 the dicho~con:ouS regressand probl_ern s_-r .. d c!c1'1e boul.".:.ded co:r1.Jcinuous 
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",'>•--- ..... •· .,___,_ 

;:;;c. . - -
.:.~ v...:... •. a.:.;__ .. :.::> ' ' ' I • ~- "b 

'-~· .:... '-' ,.,~ V ,,_,, _....., -,:_, ___ ~_ . . :. ...... G ........ -- '-•"•--' _ _; 

ovs~come t~e heterosced~stidity proble7a 

fact·or l c~, p. 202J 

I'; _ __ .... _ ... _,.__..;.....;..: 

"'· -- 'I.-,- ... . ..:.~,._; . ..,\,,;,,;:; 

co~Jlicated ~ethods of 

Eve~ with the two abov~ Jroble~s Bolvsd, it ~~- ~- ,,.,_ 
.;...i.C.0 

c.:-.: 



. . 
·.,~·.2_;_~-~ ·:;; L,. ; .. .. 

Howev0r, econo□ist □ i:2terested 

r ,'i --'-io-!-o"'O'·"s) hu·'-\ -- V-- V .1..... .._..., ""'!' V 

If Y is d_esic;::.ated as depeniie11t va:ciablc, then 

such Y is bounded at a la0er limit of O. 1he statisticsl 

e:ifi'icu.::L t.y encountered ir... t!1i.s kind of bounded con-ci:::.uo::s 

::.:-eg:::::·essand proble:-.1 is that tl:ere will be a 11 concentr<C-:.tio::.:. 

q:~ :;o.::..:nts 11 at the. lirni ted e~::i.6. and· thus -t:::.:.e use of o:::(i::~a':i.:y 

r.:::g::·ession will cause a bi2.scd estimatio:1 i H-J ~ Ji.n altc:cnati vc 

a~proach to this type of problem is the tuin p~obability 

iunction Lodel which employs tv10 steps in estimation :p:::.~ocess ~ 

J.21 obvious weakness of this a:,_)p:coach is th.at sir.i.co tl:.er-e ia 

r:.o clcvice to restrict the :::-an.6e of Y 9 some expected va..:..;;r& of 

fit E(Y) to Y a:c.::.d. talces no explicit ·the 

esti:·::ation of E(Y) £ SJ .. 



,. .. :,~· .:_., . . _,;_, 

·:··, ··:- r-..·• ~-.,•~ ... :_' :_·,. ,·_-. ·,- .. 
- ... ,, 0- ....... -...,, ~ ·~--·~ ..... 

e;c :re.f e:c.ed · as To The hybrid probit ~odel 

the value o? dependent 

variable Y is determined as: 

·Ii· 
rL~ if I I < L 

V =: ) . ' 
... i .,. ·l!- ·X· 

1.. I - J. ,, if' I - I ~ L 

, 1 \ 
t-) 

"' i, is the los:,;ve:r limit of' Y; I is an index number 1;,,hi ch 

is assumed to be a linear combination of all X1 s. That is, 

(2) 

is defined to be a critical value of I and pl2,ys the role 
.>Jt 

e,:;: disturbance forces$ While the distri b·Gtio:n of I in pro bit 

a:~2-2.Jcis is assmned to be N (5 ~1) ~ 

in ~ybrid probit model* 

Y = L if (I 
-,.-- ~x· \ 
.l. ) 

-· -:<• 
1 ) represents the r1e--t mag11i tu.de v1:~icl1 

va~~e of Y. T~ereforc, it io natural ~o set 
.),/_ 

I.~~) is less tl12::1 its lor1ex liz:.i-t ~ Bv::t if 

equal to Y is 



:Foll c ·,.,,_,, .. ~ •.-.,~. ,·-. -··.,·-,"·'•·" . 
<..,!,, .~.1.:... .. .l.-- L . .._ _____ ..,_,_.;.. 

.!Ve-~,,::··.'.~:,:.,_·~ ('·:; ..... ,l -~---~-.--•,~·-.,.~.~~-:,- (':•,~c-.,. --~, .... . :] ~--.-"'l .. 1-."1 .... / ... .,., ... ,a-l,..~·~ ·- ..... 7 ,,."t. -· .. t~;· .... ,.~. -•-.:: r'-\·,., 
__ ..,. .._. __ ~-----..:.. v_.. G . .i.L.L!. !l!;;.::: .. v.LiV.t.~ YJ...b..:(~:J... l.~•~.;,,. ___ .,;,_.~1.;_:_{_.r_LJ.,:., 

•. , '"'J' ; I L. ' 1::i(.J.I ') (3) 

It can be seen that if Y is a dichotorcou.s r2gre:::.:sa::_c. a::.'ld 

t L = 0 and CaT.l. o.nly take a :posi ti vc; valu.8 

l, equation (1) will reduce to: 

* r O • if I< I 
y ,, 

= { ·r. ' ,.,:,-l l? J. ,.I. I :;~I 

.Furthermore, in the case whero L :::; 0, equation ( 3) aJ.c;o 
T 

, ,~( ..L ) , • • • , l o • 1 -a=- wln cti. 1 s exac·c y 

s2:ne formula Goldberger obtained L 5, p . .2.5+J because L = 0 v:as -

the condition specified in his discussiono Hence, it is clear 

t~at.the hybrid probit is a more general model in which probit 

•L21a.Lys.1s is merely a special case where the bounded regressand 

Y has the lower limit L = 0 ~ 21'1d take only one positive value 

Y - .1. for any Y>O~ 

i"t:i vJas fOlli"ld dchat tt1e locus o1~ the estirnated values do~i--1cd 

v1l"l.iC2-.L is called rnaxirrn.::.n1 lil'celil1ood li:r1.e 



-'I-. 

.., · · 1 .,._ •· ' · t.. b i.l.!1e-2.r regression .... eas v-squares J.,ine ~ .1 · can e 

·c:-::.cr:e exists a certain pattern of relationships amo:r ... g these 

thro.e different approaches of estimation.. The I•1TL-li:::.:e~ in 

gene.ral, asymptotically approaches the HP-curve at o::J.e e::-1.d 

and the RLS-line f::com the other end of the sample range .. 

Since !the multiple regression approximates this non-linear 

· relationship with a linear fu:nction, its estimation is found 

to be fairly accurate and acc0ptable only in the central range 

of the-values of' the sample, leaving both ends with possible 

L:rr;e discrepancies,. IJ:.'herefore,. it is conceivable that the 

application of multiple regressio.p. should 1,"}e avoided v;here ·. 

there is a concentration of :points at the upper or the lower 

limit of the dependent variable. 

To test the applicability az1d statistical _perform2..nce 
] I , . . 

of the mo_del, a set of panel datad contains 676 Illinois cor11 

f2.::::':.}2rs was used to estimate the relationship bet-ween the 

perce;<1t o:f corn -sold to country elevators ( as c1.epei1dent 

variable) and a set of selected farm variables~ All the 

1/ These data were collected f.tS 1')art o:f :resea:r-ch corcd;;..c-c sc, 
ur .. der the :North Cent.:r:-al Regional t:1arketing Cor:I:u~ ttce I:C=• 
- 0 Ii d. . ·-1 ' d . f' U ' · ' ~ -- 1 - . J.. '"'q' an were perm.1. c"te ,:;o :z.se rom l'll. vez.·ci ·cy o:r .iJ.. .... 2.:r.;.01.s .. 



. I 

... :.' . ...!- of estisatcd coclficicnts arc co~sicto2t ~2~~ bo 

"t,:~co:~e.,~ica.l cul1sid..c1-t~:.tion a11d ernpi -~ 

estimation yielded a fairly satisfactory results with two 

extremely significant. determina.nts (above 99% of si,gnificar:.ce). 

;wo-tf"1er tvJo variables, price impor ... Cance an.d ~t11e 11.t1.rnber oJ..,,. price-

checks, also are significant at above 95% level., Since the 
;, 

hybrid probit estimates hi are the estimators of the corresponding 

parameters B1/6w the B1:s in equation (2) cai.~ be derived by 

using the relation of Bl,= (6)(hi)G The converted Bj_ 1 s are 

also shown in the table. 

In order to compare the differences between hy1Jrid pro bit 

eotinates and ordinary regression estimates~ multiple regress1on 

analysis was also conducted by using the sar-ne set of data and 

variables.. As ca:n be seen in the table~· the signs and levels 

of significance for each estimated coefficient from multiple 

regtession are rather compatible with those resulted from 

hybrid pro bit. However~ a remarkable difference was fo-(,rr,.d in 

the size of estimated coefficients& The values of all least-
' - > 

squares estimates (b1) appeared to be slightly smaller than. 

-those estimated from hybrid probit (h1)0 The statistical 

reason is that since Y has a lower of O,and can. not 

taka any n0gative value, thexe will be a concentration of 



.. 1 ~- \" 

-9-

f0iits at Y ~ c. As a result, ~he esti~ntcd regression 

· ::.:·cla0~ion will necessarily be forced v:i thin the first r_;_:..:.~.d:::-ant 

---- ' ,~~1d the_. b; 's will be under-estimated because -of the absence of ... 
ncgati ve Y's in the sampie [ i"'r, 5]. 

4 .. SUM.MARY 

· J:!•rom this study it is implied that when the val'C.3 of a 

rcgressand is ini."lerently bour;.;ded, the Use_ of ordinary regression, 

a.."lalysis is, in general 1 inappropriate~ The application of 
I 

rnul ti.ple regression· to dichotomous regressand function e::.:cou."lters 

problems of heteroscedastlcity and E(Y)>l or E(Y)<O.. Alter-
. . .· . 

natives developed to overcome these difficulties are either 

i 6nore oz- in.sufficient to incorporate threshold.concept into 

estimation process., Multivariate probit model avoids the 

statistical _pitfalls mentioned above and is particularly 

appropriat~ for problems where the dependent variable is 

dichotomous a.i.id where· threshold effect is evident in ~ . ' aec.1.s1.on 

or b~~.avior process~ 

Application of ordinary regression to bounded reg::::-essa.."ld 

:problem should be avoid ifpossible:,ifor the "concentration of 

points 11 will lead to a biased estimatiori-> Although there are 

models applicable to this kind o:f situ.ation 9 the hybrid probit 

is more appropriate due to its adoptabili ty a.."1d statistical 

properties~ · It is a generalized model for estimating all type 
' 

of bbunde·d regressa.."'l.d problems of which dichotomous regressand 

.:i..s merely a special case .. 
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