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1 Introduction

M easuring the in pact of youth training programm es on the labour m arket
continues to be a m ajor focus of m icroeconom etric research and debate. Tn
countries such as the UK , where experim ental evaluation of training pro-
gramm es is nfeasible, research ism ore reliant on tools developed in the liter—
ature on m ulti-state transitions, using m odels which predict sim ultaneously
the tim Ing and destination state ofa transition. A pplications include R dder
(1986), Gritz (1993), Dolton M akepeace and Treble (1994) and M ealli and
Pudney (1999).

There are ssveral m ajr speci cation dit culties facing the applied re-
searcher n thisarea. O ne is the problam of scale and com plexity that besets
any realisticm odel. A ctive Jabourm arket program m es like the B ritish Youth
Training Schen e (YT S) and its successors are en bedded in the youth labour
m arket, which nvolves hdividual transitions betw een several d®erent states:
an ploym ent, unem ploym ent and various form s of education or training. In
principle, every possble type of transition introduces an additional set of
param eters to be estim ated, so the din ension of the param eter space rises
w ith the square of the num ber of ssparate states, generating both com puta-
tional and denti cation dit culties. This is the curse of dim ensionality that
a? icts m any di®erent areas of econom ics, ncluding dem and analysis (Pud-
ney, 1981) and discrete responsem odelling (W ecks, 1995). A second problam
is generated by the insttutional features of the training and education sys-
tam . YT S places are nom ally lin ited in duration and college courses are
also nom ally of standard Jengths. C onventional duration m odelling is not
appropriate for such episodes, but Cexible sam iHparam etric approaches (such
as that of M eyer, 1990) m ay introduce far too m any additional param eters
n a mulbd-state context. A third inportant issue is the persistence that is
generally found mn obsarved sequences of ndividual transitions. There are
clearly very strong forces tending to hold m any individuals in a particular
state, once that state has been entered. This is a consideration that m oti-
vates the w idely-used G oodm an (1961) m over-stayer m odel, which captures
an extram e form ofpersistence. A fourth problan is sam ple attrition. This is
In portant in any longitudinal study, but particularly so for the youth Jabour
m arket, where m any of the ndividuals nvolved m ay have weak attachm ent
to tralning and em ploym ent, and som e resistance to m onitoring by survey
agencies.



G iven the scale of the m odelling problam , there is no approach which
®ers an deal solution to all these problam s sim ultaneously. Tn practice we
are sacking a m odel goecl cation and an estin ation approach which gives
a reasonable com prom ise between the com peting dam ands of generality and
Sexibility on the one hand and tractability on the other.

An inportant econom i focus of the analysis is the selection problam .
It is well known that selection m echanism s m ay play an in portant role in
this context: that people who are (self) assigned to training m ay di®er in
term s of their unobsarvable characteristics, and these unobservables m ay
a®ect also their subsegquent Jabourm arket experience. Ifthe fundam entalrole
of training per se is to be imlated from the e®ects of the current pattem of
(self) selection, then it is in portant to account for the presence of persistent
unobserved heterogeneity In the process of m odel estim ation. O nce suiable
estin ates are availlble, it then becom es possble to assess the impact of
Y T S using sim ulations which hold constant the unobsarvables that generate
ndividual heterogeneity.

2 YTS and the LLC S dataset

W ith the rise of unem ploym ent, and especially youth unem ploym ent, in
B ritain during the 1980s, govermm ent provision of tralning took on an in por-
tant and evolving role in the Jabourm arket. The cneyear YT S programm €,
ntroduced n 1983, was extended in 1986 to two years; thiswasm odi ed and
renam ed Youth Training n 1989. The systam was subssgquently decentralised
w ith the ntroduction of local Training and Enterprise C ouncils. Later ver-
sions of the schem ew ere Intended to bem ore °exible, but the system ram ains
essentially one of tw oyear support for young trainees. O urdata relate to the
1988 cohort of school-leavers and thus to the two-yearversion of YT S. In ex—
ceptional circum stances, YT S could Jast Jonger than 2 years, but for a large
m ajority of participants in the program m e, the lim it was potentially binding.
Y T S participants m ay have had special status as tranees (receiving only a
standard YT S allowance), or be regarded as em ployees in the norm al sense,
being paid the nom alrate for the job. ThusY T S had agpects ofboth train-
ng and em ploym ent subsidy scham es. A dditional funds w ere available under
YTS for paym ent to the tralning providers (usually m s, Jocal authorities
and organisations n the voluntary sector) tom odify the training programm e



for people with gpecial traning needs who needed additional support.

The data used for the analysis are drawn from a database held on the
com puter system of the Lancashire C arears Service (LCS), whose duties are
those of delvering vocational guidance and a placan ent service of young
people nto jobs, traning scham es or further education. It generates a w de
range of nform ation on allyoung people who leave school In Lancashire and
on the Jbs and training programm es undertaken. Andrews and Bradley
(1997) give a m ore detailed description of the dataset.

The sample used In this study com prises 3791 m ales who entered the
labourm arket w ith the 1988 cohort of school-leavers, and forwhom allnec-
essary mform ation (Including postcode, school identi er, etc.) was available.
This group was cbsarved continuously from the tin e they left school, aged
16, In the soring or summ er of their fth year of secondary school, up to the
"nalthreshold of 30 June 1992, and every change of participation state was
recorded. W e identify 4 principal states: continuation in form al education,
which we refer to as college (C); employm ent (E); unanployment (U ); and
participation in one of the varants of the govemm ent youth training schem e
(@l referred to here as YT S) . Note that 16-and 17-year-olds are not eligible
forunam ploym entrelated bene ts, so unan ploym ent i this context doesnot
refer to registerad unam ploym ent, but is the result ofa classi cation decision
of the careers advisor. W e have alo classi ed a very faw short unspeci ed
non-an ploym ent episodes as state U . There is a  fth state which we refer
to as out of sample' (O ). This is a catch-all classi cation referring to any
situation i which either the youth concemed is out of the Jabour force for
som e reason, or the LC S has lost touch with hin orher. Once state O is
encountered In the record of any individual, the record is truncated at that
point, so that it is an absorbing state n the sense that there can be no sub-
sequent recorded transition out of state O . In the great m a prity of cases, a
transition to O signi es the perm anent loss of contact between the LC S and
the ndividual, so that it is, n e®ect the end of the obsarvation period and
represents the usual phenom enon of sam ple atixrition. H owever, it is in por-
tant that we dealw ith the potential endogeneity of atirition, so transitions
nto state O arem odelled together w ith other transition types.

M any of the mdividual histories begin with a  rst spell corregpponding
to a summ er waithg' period before startihg a job, traning or other educa-
tion. W e have excluded all such mitial spells recorded by the LC S aswaiting
periods, and started the work history instead from the succesding spell. A £



ter this adjustm ent is m ade, we cbsarve for each individual a sequence of
episodes, the nal one uncom pleted, and for each episode we have an cbser—
vation on two endogenous variables: its duration and also (for all but the
last) the desthhation state of the transition that term nates it. The data
aleo mclude obsarvations on explanatory variables such as age, educational
attainm ent and a degree of detail on occupational category of the Y T S place
and its status (tramnee, en ployes, special fuinding). Summ ary statistics for
the sam ple are given in appendix table A l.

There are two cbvious features revealed by ngoection of the data, which
give rise to non-standard elan ents of the m odel we estin ate. The  rst of
these is shown In ~ gure 1, which plots the an oothed enpirical dfof YT S
soell durations. The odf clearly show s the in portance of the 2-year lim it on
the length of YT S spells and the comm on occurrence of early term nation.
Nearly 30% of YTS spells nish within a year and nearly 50% before the
two-year lim it. C onventional transition m odel speci cations cannot capture
this feature, and we use below an extension of the lim ited com peting risks
(LCR) model ntroduced by M ealli, Pudney and Thomas (1996). Figure 2
plots the an oothed am pirical hazard function of durations of college spells,
and reveals another non-standard feature in the form of peaks at durations
around 09 and 1.9 years (corresponding to educational courses Jasting 1 and
2 acadam ic years). Again, wem ake an appropriate adaptation to ourm odel
to cope w ith this.

**%% FIGURES 1AND 2HERE ****

3 A correlated random -e®ects transition m odel

Longitudmnaldata of the type described above covers each individual from the
beginning ofhiswork history to an exogenously-determ ned date at which the
cbsarvation period ends. T his generates for each sam pled hdividuala set of
k obsarved episodes (note thatk isa random variable). Each episode hastwo
In portant attributes: its duration; and the type of episode that succeeds it
(the destination state). In our case there are 4 possible states that wem ight
obsarve. W e write the cbserved endogenous variables 1y ;% ;1 ; 255, where
*, Is the duration of the sth episode, and r; is the desthation state for the



transition that brings it to an end. Thus the econom etric m odel can be
regarded as a speci cation for the joint distrdbution of a set of k continuous
variables (the ;) and k discrete variables (thery). Foreach episode there isa
vector of cbserved explanatory variables, X, which m ay vary across episodes
but which is assum ed constant over tin e w ithin episodes.

The modelwe estin ate n this study s a modi ed form of the conven-
tional heterogeneous m ulti-goell m ulti-state transition m odel (see Pudney
(1989) and Lancaster (1990) for surveys). Such m odels proceed by parti-
tioning the observed work history nto a sequence of episodes. For the  rst
goell of the sequence, there is a discrete distbution of the state variable 1
w ith conditional probability m ass function P (1K ;v) . Conditional on past
history, each successive episode for s = 1::k ; 1 is characterised by a jont
density/m ass function f (& ;1 Ks;V), where X m ay include functions of ear—
lier state and duration variables, to allow for lagged state dependence. The
term v is a vector of unobsarved random e®ects, each elam ent norm alised
to have unit variance; v is constant over tim e, and can thus generate strong
serial dependence In the sequence of episodes. Under our sam pling schem e,
the nalobsarved goell isusually an episodeofC,E,U orYTS, which isstill
n progress at the end of the obsarvation period. For this last lcom plete
episode, the eventual destination state is unobsarved, and its distribution is
characterised by a survivor function S (£ Xy ;v) which gives the conditional
probability of the kth gpoell Jasting at Jeast as long as . . C onditional on the
obsarved covariates X = fxg:xg and the uncbsarved e®ects v, the joint
distribution ofry ;4 ;1 ; 54 Is then:

fpihinahX;v) = p (roF%oiv) £

ki 1
f (indkeiv) S Bk iv) @)
s=1

For the an aller num ber of cases w here the sam ple record endsw ith a transi-
tion to state O (in otherwords attrition ), there isno duration for state O and
the Jast com ponent of (1) i8S (.3 ;v) ~ 1. There is a further com plication
for the still few er caseswhere the record endswitha YT S! O txansition, and
this is discussed below .

The transition com ponents of the m odel (the pdf £ and the survivor
function S ) arebased on the notion ofa set of origin-and destination-speci ¢
transition ntensity functions for each spell. These give the nstantaneous



probability of exit to a given destination at a particular tin e, conditional on
no previous exit having occurred. Thus, for any given episode, spent in state
i, the jth transition mtensity function h;; (Gz;v) is given by:

Pr(r= j; £2 (Gt+ doxx , tix;v)= hy (Ex;v)dt )

where x and v are respectively vectors of cbsarved and unobserved covariates
which are speci ¢ to the mdividualbutm ay vary across episodes for a given
ndividual. Our data are constructed In such a way that an episode can
never be ollow ed by another episode of the sam e type, o the i;ith transition
ntensity h;; does not exist. The jomnt probability density/m ass function of
exit route, r, and realised duration, %, is then constructed as:

2 3
X
f (V) = hy Gov)expd; I EK;v)° 3)
j6 1
where T;; (+3x;v) is the i;jth htegrated hazard:
Z +
Ty (+3x;v) = . hy; (Gx;v)dt @)

Since the random e&®ects v are uncbsarved, (1) cannot be used directly
as the basis of an estin ated m odel. However, if we assum e a goecl ¢ ot
distribution function, G (v), for the random e®ects, they can be ram oved by
ntegration and estim ation can then procesd by m axin ising the follow ng
Jog-likelihood based on (1) w ith regpect to them odel param eters:

w2 gt * )
nL = h P (V) f(im¥Keiv) S (K Kk v)AG (v) )

n=1 s=1

where the sut xn = 1:N ndexes the ndividuals n the sam ple.

Tt is in portant to realise that, forestim ation purposes, thede niton (2) of
the transition intensity function is applicable to any form of conthuoustin e
m ultistate transition process. It is also possible to think of such a process
n termm s of a com peting risks structure, nvolving hdependently-distributed
Jatent durations for transition to each possible desthation, w ith the cbserved
duration and transition corresponding to the shortest of the Jatent durations.
These two hterpretations are cbsarvationally equivalent n the sense that it
isalwayspossible to construct a set of indpendent Jatent durations consistent



w ith any given set of transition intensities. This agpect of the interpretation
of them odel therefore hasno in pact on estim ation. H owever, when we com e
to sim ulating the m odel under assum ptions of changed policy or abstract-
ng from the biashg e®ects of sam ple attrition, then mterpretation of the
structure becom es In portant. For sin ulation purposes the com peting risks
nterpretation has considerable analytical power, but at the cost of a very
strong assum ption about the stuctural hvardiance of the transition process.
W e retum to these issues h section 5 below .

The speci cations we use for the various com ponents of the m odel are
described in the follow ing sections.

3.1 H eterogeneity

W e now tum to the speci cation of the persistent random -e®ects. First
note that there has been som e debate about the practical im portance of
heterogeneity In applied m odelling. R idder (1987) has shown that neglect-
ng unobsarved heterogeneity results n biases that are negligible, provided
a sut ciently °exible baselne hazard is speci ed. H owever, his results apply
only to the sin ple case of sngle-spell data w ith no censoring. Th the multi-
soell context where random e®ects capture persistence over tin e aswell as
nter-ndividual varation, and where there is a non-negligible censoring fre-
quency, heterogeneity cannot be assum ed to be nnocuous. W e opt nstead
for am odel in which there is are reasonable degrees of °exibility In both the
transition intensity functions and the heterogeneity distrdbution.

The sam e problan of din ensionality is found here as n the cbservable
partofthem odel. R ather than thegeneralcase of16 unobsarvables, each spe-
cl ¢ to a distinct origih-desthation com bination, we sin plify the structureby
using persistent heterogeneity to represent those unobservable factors which
predigpose ndividuals towards Jong or short stays n particular states. Our
view Is that this sort of state-dependent ‘stickiness' is Iikely to be them amn
din ension of unobservable persistence - an assum ption sim ilar to, but less
extram e than, the assum ption underlying the fam iliar m over-stayer m odel
(G oodm an, 1961). Thuswe use a four-factor speci cation, where each of the
four random e®ects is constant over tin e and linked to a particular state
of origin rather than destination. W e assum e that the cbsarved covariates
and these random e®ects enter the transition htensities N an exponential
form , 0 that in general hy; (Gx;v) can be expressed as hi; (Ex;!;vi) where
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!, is a scale param eter. There is again a con®ict between Cexibility and
tractability, In term s of the functional form of the distribution of the unob-
sarvables v;. Onem ght follow Hedkm an and Singer (1984) and G ritz (1993)
by using a sam iparam etric m asspont distribution, where the location of
the m asspomnts and the associated probabilities are treated as param eters
to be estim ated. Van den Berg (1997) has shown in the context of a 2-state
com peting risks m odel that this sgpeci cation has an advantage over other
distributional form s (ncluding the norm al) in that it perm its a w der range
of possible correlations between the two underlying Jatent durations. How -
ever, In our 4-din ensional setting, this would entail another great expansion
of the param eter space. Since there is, n any case, a fairam ount of nform al
an pirical experience suggesting that distributional form is relatively unim -
portant provided the transition intensities are speci ed sut ciently Cexibly,
we are content to assum e a nom aldistribution for the v;.

W e mtroduce correlation across states in the persistent heterogeneity
term s In a sim ple way which nevertheless encom passes the two m ost com -
mon form s used In practice. This is done by constructing the v; from an
underlying vector » as follow s:

vi= @i )+, >, 6)
p=1

where | isa shgleparam eter controlling the general degree of crosscorrelation .
Under this speci cation, the correlation between any pair of heterogeneity
terms, ! ;v; and !5vy, is2son(1i!y), (L+ )=+ 3,?). Note that one of the
scale param eters should benorm alised w ith respect to its sign, snece (w ith the
» symm etrically distributed) the sam ple distribution induced by the m odel
is nmvariant to multjplication of all the !; by -1. There are two in portant
soecial cases of (6); ., = 0 corregoonds to the assum ption of ndependence
across (origin) states; , = 1 yields the one-factor gpeci cation discussed by
Lindeboom and van den Berg (1994).



32 The mnitial state

Ourm odel for the initial state Indicator 1y is a 4-outcom e m ultinom ial Jogit
M NL) structure of the follow ing form :

L exp (%05 + Ayvy)
Pr(r = JXKo;v) = P - —

= (7)
1 &P X%+ Avy)

where ©; isnom alised at 0. The param eters Aj are scale param eters that
also control the correlation betwean the initial state and successive episodes.

3.3 The transition m odel

For a com pletely generalm odel, 16 transition htensities should be gpeci &d -
a practical im possibility, since thiswould Jead to an enorn ously large param -
eter set. This din ensionality problan is very serious in applied work, and
there are two cbvious solutions, neither ofwhich is ideal. Them ost comm on
approach is to reduce the num ber of states, either by com bining states (for
exam ple college and training) nto a single category, or by deleting mndivid-
uals who m ake certain transitions (such as those who retum to college or
who Jeave the sam ple by atirition). The conssquences of this type of sim -
pll cation are potentially serious and obscure, shce it is In possble to test
the in plicit underlying assum ptions w ithout m aintaining the original degree
of detail. In these two exam ples, the in plicit assum ptions are respectively:
that transition rates to and from college and training are identical; and that
the processes of transition to college or attrition are independent of all other
transitions. N either assum ption is very appealng, o we prefer to retain the
original level of detail n the data, and to sim plifyy the m odel structure In
(arguably) less restrictive and (de nitely) m ore transparent ways.

W eadoptasourbasicm odela sin pli ed speci cation w ith separate inten-
sity functions only for each exit route, letting the e®ect of the state of origin
be capturad by dum m vy variables ncluded w ith the other regressors, together
w ith a few variableswhich are speci ¢ to the state oforigh (goeci cally SPE -
CIAL and YTCHO ICE describing the nature of the training placam ent In
YTS spells,and YTM ATCH ,CLERK and TECH describing occupation and
tranihgmatch forE ! U transitions).

T he best choice for the functional form h;; (5x;Vv) is not cbvious. M eyer
(1990) has proposad a Cexible sam i-param etric approach which isnow widely
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used In sinpler contexts. It entails estim ating the dependence of hy; on t
as a °exible step function, which htroduces a separate param eter for each
step. In our case, with 16 d®erent transition types, this would entail a
huge expansion in the dim ension of the param eter space. Instead, we adopt
a d®erent approach. W e goecify a generic param etric functional form for
hi; (5x;v), which is chosen to be reasonably °exible (n particular, not nec-
essarily m onotonic) . However, we also exploit our a priori know Jedge of the
nstitutional features of the education and training systam s to m odify these
functional form s to allow for the occurrence of standard' spell durations for
m any episodes of YT S and college. These m odi cations to the basic m odel
are described below . The basic gpeci cation we use is the Burr fomm :

exp (2 5+ Livy)®yutfuT e
1+ % exp (z 5+ !yvy) 25

hy; (Ex;v) = @®)
where z; isa row vector of explanatory variables constructed from x In som e
way that m ay be speci ¢ to the state of origm, 1. Note that the absmce
of a subscrpt i on ; is not restrictive: any form z{ §j can be rew ritten
z; 5 by de ning z; appropriately, usig origin-goeci ¢ dummy variables in
additive and multiplicative form . The form (8) is non-proportional and not
necessarily m onotonic, but ithas theW ebull form asthe gpecialcase¥;; = 0.
T he param eters®;; and %;; are goeci ¢ to the origh-destihation com bhation
i;j, and this gives the speci cation considerable Cexibility. The Burr form
has the follow ing survivor function:

h 1 12%%

Sy F;v)= 1+ %exp (2 5+ Liwvi) 09 ©)

N ote that the Burrm odel can be derived as a W elbull-gam m a m ixture, w ith
the gamm a heterogeneity spell-speci ¢ and hdependent across spells, but
such an nterpretation isnotnecessary and isnot in any case testablew ithout
further a priori restrictions, such as proportionality.

34 YTS gpells

There are two special features of Y T S episodes that call for som em odi cation
of the standard transition m odel outlined above. One relates to attrition
(YTS! O transitions). G iven the m onitoring function of the LCS for YT S
trainess, it is essentially inpossbl for the LCS to lose contact with an
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ndividual while he ramamns In a YTS place. Thusa YTS! O transition
must colncide with a transition from YT S to either C, E or U, where the
desthation state is unobserved by the LCS. Thus a transition of this kind
is a case where the obsarved duration n the k | 1th goell (YT S) is lnde=d
the true completed YT S duration, %, ;, but the destihation state x,; is
unobsarved. For the an all num ber of episodes of this kind, the distribution
(3) is:
2 3

X X
- AU hyy (5 13Kk, 17Vv) ep 4 Ty (B, 13K 15V)° (10)
j61i j6 i
A second special faature of YT S episodes is the exogenous 2-year lim it
Inposed on then by the rules of the systam . M ealli, Pudney and Thom as
(1996) proposad a sin plem odel orhandling this com plication which  gure 1l
show s to be so In portant n ocurdata. Them ethod nvolvesm aking allowance
for a discontinuity In the destination state probabilities conditionalon YT S
duration at the 2-year lim it. T he transition structure operates nomm ally until
the lim it isreached, atwhich pointa separateM N L structure com es into play.
Thus, fora YT S episode:
ﬁ exp Wi + Wwos)

Prr= jjt= 2;x;v)= ¥ (1)
p@®(W1/4p+ WVyrs)

where w is a vector of relevant covariates. In the sam ple there are no cases
at all of a college spell ollow ng a full term YT S eoisode; consequently the
sum m ation In the denom matorof (11) runs over only two altematives, E and
U .The¥% and p param eters are nom alised to zero for the latter.

3.5 Bunching of college durations

To capture the two peaks In the an pirical hazard function for college spells,
we superin pose two spikes uniform Iy across all transition intensity functions
for college spells. Thus, for origih C and destihationsj= E,U,0,YTS the
m odi ed transition htensities are:

he S (E¢;v) = he s (B¢v) exp (Y121 (D) + 12A5 (1)

where A4 (t) and A, (t) are ndicator functions of (080 tl 1) and (1810
tl 2) respectively.
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3.6 Simulated m axin um likelihood

Them ajor com putational problem Involved n m axin ising the Jog-lkelihood
function (5) is the com putation of the 4-din ensional ntegral which de nes
each of the N likelihood com ponents. The approach we take is to approx-
In ate the Integral by an average over a set of Q psaudo-random deviates
generated from the assum ed joint standard Jognomm aldistrdbution for». W e
also m ake use of the antithetic variates technigque to in prove the et ciency
of smulation, with all the underlying pssudo-random nomm al deviates re—
usad w ith reversed sign to reduce sim ulation variance. Thus, In practice we
m axin ise num erically the follow ing approxin ate Jog-likelhood.

0 1

1 L)+ LGV,

2

by
L= In

n=1 ag=1

where 1, ¥?) is the likelhood com ponent for individual n, evaluated at a
sim ulated value v? for the unobsarvables.

This smulated M L m ator is consistent and asym ptotically et cient
asQ andN ! 1 wih N=0 ! 0 (see Gourieroux and M onfort 1996).
Practical experience suggests that it generally works well even with anall
values of Q (see M ealli and Pudney 1996) for evidence on this). In this
study, weuse Q = 40. The asym ptotic approxin ation to the covariance
m atrix of the estin ated param eter vector R is com puted via the conventional
OPG formul, which gives a consistent estim ate n the usual sense, under
the sam e conditionson Q and N .

4 Estin ation results

4.1 Estim ation strategy

O ur preferred set of estim ates is given In appendix tables A4-A 7. These es-
tim ates are the outcom e of a process of exploration which of necessity could
not ollow the general-to-speci ¢' strategy that isusually Evoured, sihce the
m ost general speci cation withmn our fram ework would have approxin ately
450 param eters, w ith 16 ssparate random e®ects, and would certainly not be
possible to estim atew ith availble com puting and data resources. Even after
the considerable sin pli cations we have m ade, there ram ain 117 param eters
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n the model. Apart from the constraints inpossd on us by this dim en-
sionality problam , we have adopted throughout a conservative criterdion, and
retained in the m odel all variables w ith coet cient t#atios n excess of 1 .0.
Sam e further explanatory variables were tried In earlier speci cations, but
found to be nsigni cant everywhere. These were all dummy variables, dis-
tinguishing thosewho: took a non-acadam ic subjectm ix at school; were n a
technical/craft occupation when in work; and those who had tramnee rather
than em ployee statuswhen in YT S. Thus the sparse degree of occupational
and training detail in the nalm odel is consistent w ith the available sam ple
nform ation.

The relatively Iow frequencies of certain transition typeshavem ade itnec-
essary to in pose further restrictions to achieve adequate estin ation precision .
Ih particular, the ®;; and %;; param eters for destination j = O (sam ple atixi-
tion) could not be separately estin ated, so we have in posad the restrictions
®yp = ®yo and %y = 3o oralli, k.

42 The heterogeneity distribution

Tabl A7 gives details of the param eters underlying the joint distrdbution of
the persistent heterogeneity term sappearing In the nital state and transition
structures. H eterogeneity appears strongly signi cant n the initial state Jogit
only for the exponents associated w ith em ploym ent and YT S. T he transition
ntensities have signi cant origh-speci ¢ persistent heterogeneity Inked to
C,U and YT S.The evidence for heterogeneity associated w ith em ploym ent is
weak, although a very conservative signi cance levelwould in ply a sioni cant
role for it, and also In the Jogit that com es nto force at the 2-year YT S lim it
(i In TableA6).

The estim ated value of |, Implies a correlation of § 030 between any
pair of scaled heterogeneity term s, ! ;v;, In the transition part of the m odel.
There is a positive correlation between the heterogeneity term s associated
with the E,U and YTS states, but these are all negatively correlated w ith
the heterogeneity term associated with college. This im plies a distinction
between those who are predigposad towards long college spells and those
w ith a tendency towards Jong U and Y T S spells. N ote that the estim ate of |
Issigni cantly d®erent from both 0 and 1 atany reasonable signi cance level,
0 both the one-factor and indegpendent stochastic structures are rejected by
these results, although independence is clearly preferable to the shgle-factor
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assum ption.

W herever signi cant, there is a negative correlation between the random
e®ect appearing I a branch of the nitil state logit, A;v;, and the corre-
soonding random e®ect in the transition structure, ! ;v;. This in plies, asone
m ght expect, that a high probability of starting In a particular state tends
to be aswociated w ith Jong durations In that state.

The logit structure which determ nes exit route probabilities once the 2-
yvear YT S lim it is reached involves a random e®ect which is correlated w ith
the random e®ect in the transition intensities for YT S gpoells. However, this
is of doubtfil signi cance.

43 Duration dependence

T he functional form s of the desthation-speci ¢ transition htensities are plot—
ted In  gures 3-6 conditional on d®erent states of origin. I constructing
these plots, we have ™ xed the elan ents of the vector of observed covariates
x at the representative values listed In Table 1 below . The persistent ordgin-
goeci ¢ random e®ects, v, are xed at their m edian values, 0. The relative
diversity of the functional form s across states of origin gives an Indication of
the degree of °exibbility mherent In the structure we have estin ated. There
are several points to note here.

F Irstly, the estin ated values of the thirteen %;; param eters are signi cant
n allbut four cases, in plyng that the restricted W elbull form would be re-
Jcted against the Burrm odel that we have estim ated ; thus, ifwere prepared
to assum e proportional W elbull com peting risks, this would in ply a signif-
Icant role for destihation-speci ¢ G amm a heterogeneity uncorrelated across
soells. Secondly, the transition intensities are not generally m onotonic; an
ncreasing then Allng pattem is found for the transitionsC! YTS,E! YTS
and YTS! U. The aggregate hazard rate is non-m onotonic for exits from
college, em ploym ent and unem ploym ent. Thirdly, transition ntensities for
exit to college are very an all for all states of originexcept unem ploym ent,
where there is a sizeable ntensity of transition mnto education at short un-
an ploym ent durations. The generally Jow degree of transition into state C
refects the fact that, form ost people, form alpost-16 education is a state en-
tered as” rst desthation after Jeaving school, ornot at all. H owever, the fact
that there are uncbservables comm on to both the hitial state and transition
parts of the m odel in plies that the decision to enter college after school is
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endogenous and cannot be m odelled separately from the transitions am ong
the other three states. o

F gure 8 show s the aggregated hazard rates, h;. (Ex;v) = 5 hy, goveming
exits from each state of origin, i. The typical short unam ploym ent durations
In ply a high hazard rate for exits from unem ploym ent, but declining strongly
w ith duration, In plying a heavy right-hand tail for the distrdbution of unem -
ploym ent durations. For the other three states of ordgin, the hazard rates are
rather Catter, except for the 1-and 2-yearpeaks for college spells. N ote that
w e cannot distinguish unam biguously betw een true duration dependence and
the e®ects ofnon-persistent heterogeneity here, at Jeast notw ithout in posing
restrictions such as proportionality of hazards.

**%% FIGURES 3 -8 HERE ****

44 Sinulation strategy

Them odel structure is sut ciently com plex that it isdit cult to mterpret the
param eter estin ates directly. hstead we use sin ple illustrative sin ulations
to bring out the econom ic In plications of the estin ated param eter values.
The base case' sin ulations are perform ed for a hypothetical ndividualwho
is average w ith respect to quantitative attributes and m odalw ith respect to
m ost qualitative ones. An excgption to this is educational attainm ent, which
we X at the next+to-lowest category (G CSE2), to represent the group for
whom YT S ispotentially m ost in portant. T hus our representative individual
has the characteristics listed In Table 1.
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TABLE 1 A tributes of fllustrative ndwvidual

A ttribute | A ssum ption used for sim ulations
Date of birth 28 February 1972
E thnic orign white
Educational attainm ent | one orm ore G C SE passes, none above grade D
Subjectm ix academ ic m ix of school subjects
Health no m ajor health problem
School quality attended a schoolwhere 38 4% ofpupils
achieved 5 orm ore G C SE passes
A rea quality Iives n a ward where 77 9% ofhom es

are owner-occupied
Localunem ploym ent | unem ploym ent rate ln ward of residence is 10 3%

D ate of episode current episode began on 10th M arch 1989
PreviousYTS no previous experience of YT S
O ccupation when em ployed, is neither clerical nor craft/technical
Special neads hasno special training needswhen n YT S

Sim ulations are conducted in the follow ng way. For the representative
ndividual de ned ;n Table 1, 500 5-year work histories are generated via
stochastic sin ulation of the estin ated m odel! T hese are sum m arised by cal-
culating the average proportion of tin e gpent In each of the four states and
the average frequency of each spell-type. To control for endogenous selection
and atirition, we kesp all the random e®ects xed at their m edian values of
zero, and reset all transition ntensities Nto state O to zero. W e then explore
the e®ects of the covariates by considering a set of hypothetical ndividu-
als with slightly df®erent characteristics from the representative mdividual.
T hese explore the e®ects of ethnicity, educational attainm ent and the nature
of the locality. For the last of these, we change the SCHOOL, AREA and
URATE varables to values 0of 10% , 25% and 20% respectively.

1The simulation process nvolves sam pling from the type I extram e value distrbution
for the logit parts of them odel, and from the distrdbution of each Jatent duration for the
transition part. In both cases, the nverse of the relevant cdfwas evaluated using uniform
pseudo-random num bers.
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TABLE 2 Simulated e®ects of the covariates for a hypothetical individual

Smulated Spell Proportion Proportion of Frequency M ean no.
hdxmidual type oftine (3) non-collegetine ofspells () ofsoells
C 197 - 182
Base case E 569 709 390 259
(see table 1) U 72 90 241
YTS 162 202 187
C 58.7 - 553
Non-white E 242 58 6 178 201
U 93 225 188
YTS 7.8 189 8.0
C 306 - 2909
13 GCSEsat E 4707 68.7 331 216
grade C or §) 93 134 232
better YTS 124 179 138
C 65 .6 - 648
M ore than 3 E 243 706 172 155
GCSEsatgrade U 45 131 120
C orbetter YTS 56 163 6.0
C 22 2 - 213
M ajor health E 52 4 674 336 257
problan U 438 62 223
YTS 20.6 265 228
C 184 - 170
Poor school E 528 64.7 359 2.75
& area quality U 91 112 24 4
YTS 196 240 22.7

Note: 500 replications over a 5-year period; random e®ects ™ xed at 0

Tablk 2 reveals a Jarge in pact for the variables representing ethnicity and
educational attainm ent, In com parison with the varables used to capture
the nCPuence of social background. An ndividual dentical to the base case,
but from a non-white ethnic group (typically south A sian in practice) ispre-
dicted to have a m uch higher probability of ram aining n full-tin e education
(59% of the 5-year period on average, com pared to 20% for the reference
white Individual) . However, for ethnic m nority individuals who are not in
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education, the picture is gloom y. N on-whites have a m uch higher proportion
of their non-college tim e (22% com pared to 9% ) spent unem ployed, with a
roughly com parable proportion soent n YTS.

T he e®ect of Increasing educationalattainm ent at G C SE is to increase the
proportion of tim e spent In post-16 education from 20% to 31% and 66% for
the three GC SE perform ance classes used In the analysis. In proving GC SE
perform ance has relatively little in pact on the am ount of tim e predicted to
be spent In unam ploym ent and itsm ain e®ect is to generate a substitution
of form al education for em ploym ent and YT S tralning.

There is a m oderate estin ated e®ect of physical and social disadvantage.
Indiyiduals denti ed as having som e sort of (subjectively de ned) m ajr
health problan are predicted to spend a greater proportion of thelr rst™ ve
post—school years n college or YT S (43% rather than 36% ) com pared w ith
the otherw ise sim ilarbase case. Thisdisplaces an ploym ent (52% rather than
57% ), but also reduces the tin e spent unam ployed by about two and a half
percentage points. In this sense, there is evidence that the youth enploy-
m ent system was m anagihg to provide e®ective support for the physically
disadvantaged, ifonly tem porarily. A fter controlling for other personal char-
acteristics, there isa signi cant role for Iocal social hPuences as capturad by
the occupational, educational and housing characteristics of the local area,
and the quality of the mdividual's school. Poor school and neighbourhood
characteristics are associated w ith a slightly reduced prediction of tin e spent
n college and am ploym ent, w ith a corregponding increase n unem ploym ent
and YT S tenure. N evertheless, com pared to race and education e®ects, these
are m jnor n°uences.

45 The e®ects of unobserved heterogeneity

To analyse the e®ects of persistent heterogeneity goeci ¢ to each state of
origin, we conduct simulations sim ilar to those presented in the previous
paragraph. The results are shown In  gures 9-12. W e consider the repre-
sentative individual and then conduct the follow Ing sequence of stochastic
sim ulations. Foreach statei= C,E,U,YTS set all the heterogeneity term s
to zero except for one, v;, whose value is varied over a grid of values in the
range [; 2;2] (covering approxin ately 4 standard deviations) . A t each point
n the grid, 500 5-yearw ork histories are sim ulated stochastically and the av-
erage proportion of tim e spent in each state is recorded . T his isdone foreach
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ofthe ourv;, and the resultsplotted. Theplotsn ™ gures 9-12 show the &®ect
of varying each of the heterogeneity term s on the proportion of tin e spent
respectively in college, em ploym ent, unem ploym ent and unem ploym ent.

The striking feature of these plots is the Jarge in pact of these persistent
unobsarvable factors on the average proportions of the 5-year simulation
period spent In each of the four states. This is particularly true for college,
w here the proportion of tim e spent In education &lls from over20% atve. = 0
to almost zero at v = 2, with a corresgpponding rise n the tin e spent in
an ploym ent and unan ploym ent. The proportion of tin e spent unem ployed
(essentially the unem ploym ent rate am ong individuals of the representative
type) is strongly nCuenced by all our state-goeci ¢ random e®ects, wih a
6 percentage point variation in the uneam ploym ent rate.

**%%* FIGURES 9 -12HERE ****

5 Simulations of the e®ects 0f YTS

W enow bring out the policy in plications of them odelby estin ating the av-
erage inpact of YT S for d®erent types of mdividual, again ushng stochastic
sim ulation as a basis. A form al policy simulation can be conducted by com -
paring the m odel's predictions n two hypotheticalworlds In which theY TS
system does and does not exist. The Jatter (the ‘counter-actual') requires
the estin ated m odel to bem odi ed I such a way that YT S spells can no
Jonger occur. The results and the interpretational problem s associated with
this exercise are presented In section 52 below . However,  rst we consider
the e®ects of YT S participation and and of early dropout from YTS, by
com paring the sim ulated Jabour m arket experience of Y T S participants and
non-participantsw ithin a Y TSworld. Forthisweuse them odelas estim ated,
exoept that the risk' of attrition (transition to state O ) is deleted.

51 The e®ects of Y TS participation

W e work with the sam e set of reference individuals as in sections 4445
above. Agamn, the statespeci ¢ random e®ects are xead at their m edian
values of 0, =0 that the sin ulations avoid the problan s of endogenous s
lection arising from persistent unobsarvable characteristics. This tin e the

20



500 replications are divided nto two groups: the ~ rst one contains histories
with no YT S goell and the second one histories w ith at Jeast one YT S spell
Thus we have two groups of ~ ctional Individuals, dentical exoept that the
" rst happen by chance to have avoided entry nto YT S, while the second
have been through YT S. To m ake the com parison as equal as possible, we
take the Jast 3 years of the sim ulated 5-year history for the non-Y T S group
and the postY T S period Wwhich is of random Jength) for the YT S group.
W e exclude from each group those individuals for whom there is a college
soell in the reference period, thus focusing attention solely on labourm arket
participants.

Figure 13 shows, for the base case ndividual, the d®erence n sim ulated
unem ploym ent ncidence for the two groups. At the m edian value of the
random e®ects, the d®erence am ounts to approxin ately 5 percentage points,
0 that Y T' S experience produces a substantially reduced unem ploym ent risk.
W e have Investigated the In pact of unobsarvable persistent heterogeneity by
repeating the sin ulations for a range of xed values for each ofthev; . Figure
13 show s the plot for v ; broadly sin ilar pattems are found for the other
Vi, suggesting that the bene cial é®ect of YT S participation ism ore or less
constant across ndividuals w ith di®ering unobservable characteristics.

#%%%x FIGURE 13 HERE *%**

Table 3 shows the nPuence of obsarvable characteristics, summ arishg
the results of sim ulations for the base case and peturbations w ith respect to
ethnicity, education and area/school quality. The bene cial e®ects of YT S
participation are evident in all cases, but are particularly strong form em bers
of ethnic m inorities and for those with better levels of school exam nation
achievam ent. Note that these are the groups w ith the highest probabilities
of fullterm YT S spoells.
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TABLE 3 Sinulted e®ects of Y T S participation on en ploym ent frequency
and duration for hypothetical ndividuals

Replicationswith no YT S spell

Simulated nmdividual % period In work % goells n work
Base case 899 86.0
Non-white 653 605
13 GCSEsatgradeC 851 830
>3 GCSEsatgrade C 883 854
Low school& area quality 865 840

R eplications containinga YT S spell

% postYTS % postYTS [ Mean YTS % YTS sells

Sinulkted Individual | period n work soellsn work [ duration full-term
Base case 951 892 147 51.0
Non-white 866 802 156 595
13 GCSEsatgradeC 965 91.8 162 63.6
>3 GCSEsatgrade C 986 96.8 1.75 731
Low school& area quality 901 811 147 518

Note: 500 replications over a 5-year period; random e®ects ™ xed at 0

52 Sinulating a world without YT S

Theultim ateain of this type ofm odelling exercise is to say som ething about
the econom ic e®ects of In plam enting a training/an ploym ent subsidy schem e
such as YTS. The ocbvious way to attam pt this is to com pare sin ulations
of the model n two altemative settings: one (the actual') corresponding
to the YT S scham e as it existed during the obsarvation period; and other
(the “counterfactual') corresponding to an otherw ise dentical hypothetical
world In which YT S doesnot exist. T here are wellknown and obvious Iim its
on what can be concluded from this type of com parison, since we have no
direct way of know ing how the counterfactual should be designed . N ote that
this isnot a problan goeci ¢ to the sin ulations presented In this paper; any
attem pt to give a policy-oriented nterpretation of survey-ased econom etric
results is in plicitly subject to the sam e uncertainties.

The design of a counterfactual case requires assum ptions about three
m ajor sources of nterpretative error, usually referred to, rather loosely, as

22



deadw eight Joss, digplacem ent and scale e®ects. D eadw eight loss refers to the
possibility that YT S (whose objective is em ploym ent prom otion) m ay direct
som e resources to those who would have found em ploym ent even w ithout
YTS. Since YT S has som e of the characteristics of an an ploym ent subsidy,
this is a strong possibility. Tt seem s likely that if Y T S had not existed during
our observation period, then som e of those who were In fact obsarved to par-
ticipate n YT S would have been o®ered conventional em ploym ent Instead,
possibly on old-style private apprenticeships. D igplacan ent refers to a second
possibility that a net ncrease in em ploym ent forthe Y T'S target group m ight
be achieved at the expense of a reduction in the en ploym ent rate for som e
other group, presum ably older, poorly quall ed workers. Note, however,
that displacam ent e®ects can also work I the other direction. For exam ple,
Johnson and Layard (1986) showed, In the context of a segm ented Jabour
m arket w ith persistent unsatis ed dem and for skilled Jabour and unem ploy-
m ent am ongst unskilled workers, that training programm es can sin ultane-
ously produce an eamings increase and reduced unem ploym ent probability
for the trainee (which m Ight be detected by an evaluation study) and also
m ake availlble a b for one of the current pool of unem ployed. A third in-
terpretative problam is that the aggregate net e®ect ofa training programm e
m ay be nonlinear mn its scale, 0 that extrapolation of a m icro-level analy-
sis gives a m isleading pradiction of the e®ect of a general expansion of the
schem e. Thism echanian m ay work, for nstance, through the e®ect of the
systam on the relative wages of skilled and unskilled Jabour (see B lau and
Robins (1987)).

The evidence on these é®ects is patchy. Deakin and Pratten (1987) give
results from a survey of B ritich em ployers which suggests that roughly a half
of YT S placesm ay have either gone to those who would have bean em ployed
by the training provider anyway or substituted for other types of worker
(w ith deadw elght loss accounting for the greater part of this net ciency).
H owever, other authors have found much am aller e®ects (see Jones (1988)),
and the issue ram ains largely unresolved. Blau and Robins (1987) found
som e en pirical evidence of a nonlinear scale e®ect, by estin ating a signi cant
nteraction between programm e size and its eé®ects. T he nead for caution in
nterpreting the estin ated e®ects of Y T' S participation is evident, but there
exists no clear and sim plem ethod for adjusting for deadw eight, digplacem ent
and scale e®ects.

The econom ic assum ptions we m ake about the counterfactual have a di-
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rect parallelw ith the Interpretation of the statistical transition m odel. To say
anything about the eé®ects of ram oving the YT S programm e from the youth
labour m arketrequires som e assum ption about how the statistical structure
would change ifwe were to ran ove one of the possible states. The smula-
tions we present In Tabl 4 corregpond to the very sim plest counterfactual
case and, equivalently, to the sim plest com peting risks interpretation.. In
thenonY TS world, we sin ply force the transition ntensities form ovam ents
from any state nto YT S, and the probability of Y TS asa ™ rst destination, to
be zero. T he ram ainder of the estin ated m odel is left unchanged, o that it
generates transitions betwean the ram aining three states. In otherwords, we
Interpret the m odel as a com peting risks structure, n which the YT S ‘risk'
can be ram oved w ithout altering the levels of hazard' associated with the
other possible destination states. T his is, of course a strong assum ption and
avoids the issue of the m acro-level e®ects which m ight occur if there really
were an abolition of the whole state training programm e.

A sbefore, wework w ith a set ofhypothetical ndividuals, and ram ove the
e®ect of mter-ndividual random variation by xing the persistent ndividual-
goecl ¢ randan e®ects at zero. Table 4 then summ arises the outcom e of
500 replications of a stochastic sinultion of the model. The ssquence
of psaudorandom num bers used for each replication is generated using a
random ly-selected seed speci ¢ to that replication; w ithin replications, the
sam e psaudorandom sequence is used for the actual and counter-factual
cases. Note that the results are not directly com parable to those presented
n section 4 2 which com pared YT S participants and non-participants, shoe
we are considering here the whole 5-year sim ulation period rather than the
later part of it. W e are al® not focusing exclusively on the labour m arket,
shcewe retain In the analysis individuals who are predicted by the smula-
tions to ram ain n education. A third m ajor d®erence is that the analysis
of section 4 2 did not consider the e®ects of d®erences n YT S participation
frequency togetherw ith the e®ects of Y T'S per participant, whereas the sim -
ulations reported here w ill necessarily show bigger in pacts of abolition for
groups w ith high YT S participation rates.

On the basis of these results in Table 4, the e®ect ofthe YT S programm e
on an ploym ent frequencies is inportant but m oderate: a fall of no m ore
than 5 percentage ponnts In the proportion of tin e spent in em ploym ent.
Instead, the m ajor Inpact of abolition is on tim e goent In education and
n unanployment. W ith YT S abolished, the proportion of tin e soent in
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unem ploym ent rises for m ost cases by between 6 and 14 percentage points,
although the rise is necessarily much an aller for those with low probabili-
ties of YT' S participation (notably non-whites and those with good GC SE

results) . The sim ulated degree of substitution between continuing education
and YTS is substantial, with the duration rising by 4-9 percentage points
n every case. The rise is Jargest for mdividuals disadvantaged by ethnicity,
health or social/educational background; but also for those w ith a m odestly
ncreased Jevel of school exam nation achievem ent relative to the base case.

TABLE 4 Simulated work histories for hypothetical ndividuals w ith and
w ithout the YT S scheam e in existence

Sinulated Spell Proportion of tine for Tncrease com pared to

ndividual type nonYTSworld (3) YTSword (3 points)
C 24 0 +43
Base case E 581 +12
U 179 +10.7
C 653 +66
N on-white E 217 25
U 130 + 3.7
C 38.8 +82
13 GCSEsat E 431 46
grade C U 181 +8.38
C 702 +4.6
> 3GCSEsat E 223 20
grade C §) 74 +29
C 315 +93
M ajor health E 495 29
problem U 190 +142
C 25.7 +73
Poor school E 521 0.7
& area quality U 223 +132

Note: 500 replications over a 5-year period; random e®ects ™ xed at 0
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6 Concluding rem arks

W e have estim ated a Jarge and highly com plex transition m odel designed to
address the form dable problam s of understanding the role played by gov-
emm ent training schem es n the Jabourm arket experience of school-keavers.
The question \what is the e®ect of Y T S?" isa ram arkably com plex one, and
we have looked at its various din ensions using stochastic sim ulation of the
estim ated m odel. Abstracting from endogenous (self) selection nto YTS,
we have found evidence suggesting a signi cant in provam ent in subssquent
an ploym ent progpects for those who do go through YT S, particularly in the
case of YTS ‘stayers'. This is a rather m ore encouragihg conclusion than
that of D olton, M akepeace and Treble (1994), and is roughly in Inew ith the
earlier applied literature, bassd on Jess sophisticated statisticalm odels. O ur
results suggest that, or the  rst ve years after reaching school-leaving age,
Y TS appearsm ainly to have absorbed ndividualswho would otherw ise have
gone Into uneam ploym ent or stayed on in the educational system . The an -
ploym ent prom otion eé®ect of YT S am ong 1621 year odsm ight In contrast
be judged worthwhile but m odest. O ur estin ated m odel is not intended
to have any direct application to a period longer than the 5-year smula-
tion period we have usad. However, arguably, these results do give us som e
grounds for clain ing the existence of a positive longer-term e®ect for YTS.
The increased em ploym ent probabilities induced by Y T S naturally occur In
the Jate post—Y T S part of the 5-year history we have sim ulated. A s a result,
we can conclude that, conditional on cbservables and persistent unocbserv-
able characteristics, a greater proportion of ndividuals can be expected to
reach age 21 n employm ent, if YT S has been available during the previous
5 years than would otherw ise be the case. On the reasonable assum ption of
a relatively high degree of em ploym ent stability after age 21, this suggests a
strong positive Jong-term e®ect of Y TS on am ploym ent probabilities.

R eferences
[l1 Ackum ,S. (1991).Youth Unem ploym ent, LabourM arket Program sand

Subsequent Eamings, Scandmnavian Joumal of Econom ics, 93, 4, 531-
543.

26



R] Andrews,M .and S Bradley (1997) .M odelling the transition from school
and the dem and for training In the United K lhgdom , Econom ica, 64,
387-413.

Bl1Blu,D M .and PK .Robns (1987). Traning program s and wages - a
general equilibbrium analysis of the e®ects of program size, Joumal of
Hum an Resources 22, 113-125.

4] Deakin, BM .and C F. Pratten (1987). The econom ic eé®ects of YT S,
Em plym ent G azette, 95, 491-497.

B] Burdett K., N M . Kiefer and S. Shama (1985). Layo®s and duration
dependence In m odel of tumover, Joumal of E conom etrics, 28, 51-69.

6] Dolon, P.J. (1993). The econom ics of youth training h Britatn, Eco-
nom ic Joumall03, 1261-1278.

[7] Dolton,P.J.,G H .M akepeaceand J G .Treble (1994).TheYouth Train-
ng Scham e and the school-to-work transition, O xford Econom ic Papers,
46, 629-657.

B] Goodm an, L. (1961). Statistical m ethods for the m overstayer m odel,
Joumal of the Am erican Statistical A ssociation, 56, 841-868.

B] G ourderoux, C . and M onfort, A . (1996) . Sin ulhtbdon-Basad E conom etric
M ethods, O xford : O xford University Press.

[10] Gritz,M . (1993).The in pact of training on the frequency and duration
of em ploym ent, Joumal of E conom etrics, 57, 21-51.

[l1] Heckman, J. J. and Singer, B. (1984). A m ethod for m lnim ishg the
Im pact ofdistributional assum ptions n econom etric m odels for duration
data, Econom etrdica, 52, 271-320.

[12] Johnson,G E .andR .Layard (1986).Thenatural rate ofunan ploym ent:
explnation and policy. Tn O .A shenfelterand R .Layard (eds.) Handlook
of Labour E conom ics, Am sterdam : N orth H olland.

[13] Jones, I. (1988). An evaluation of YT S, Oxford Review of Econom ic
Policy, 4, 54-71.

27



[l4] Katz LF. and BD. M eyer (1990). Unemn ploym ent nsurance, recall
expectations and unem ploym ent outcom es, Q uarterly Joumal of Eco-
nom ics, 105, 973-1002.

[15] Lancaster, T . (1985). G eneralised residuals and heterogeneous duration
m odels: w ith applications to the W elbullm odel, Joumal of Econom et
rics, 28, 113-126.

[l6] Lancaster, T . (1990). The Econom etric Analysis of Transition Data.
C am bridge: C am bridge University Press.

[17] Lindeboom ,M .and G .van den Berg (1994) . H eterogeneity in m odels for
bivariate survival: the i portance of the m ixing distribution, Joumal
of the Royal Statistical Society, series B M ethodolgical), 56, 49-60.

8] Main, BG M .and M A Shelly (1988). The e®ectiveness of YTS as a
m anpow er policy, Econom ica, 57, 495-514.

[19] M ealli, F.and S E Pudney (1996). 0 ccupational pensions and job m o-
bility In Britain: estim ation of a random -e®ects com peting risksm odel,
Joumal of Applied Econom etrics, 11, 293320.

R0l M ealli, F.and S E Pudney (1999). Speci cation tests for random -e®ects
transition m odels: an application to am odelof the B ritish Youth Train-
ng Scham e, Lifetim e Data Analysis, 5, forthcom Ing.

R1] M ealli,F ., SE Pudney and JM Thomas (1996). Traning duration and
posttraining outcom es: a duration lim ited com peting risksm odel, Eco-
nom ic Joumal, 106, 422-433.

R2] M eyer, B. (1990). Unem ploym ent nsurance and unem ploym ent spells,
E conom etrica, 58, 757-782.

R3] Narendranathan W .andM B Stawvart (1993) .M odellng the probability
of Jleaving uneam ploym ent: com peting risks m odels with °exible base-
line hazards, Joumal of the Royal Statistical Society, series C (A pplied
Statistics), 42, 63-83.

R4] O Higgins,N. (1994).YTS, em ploym ent and sam ple selection bias, O x-
ford E conom ic Papers, 46, 605-628.

28



25] O rganisation for E conom ic C o-operation and D evelopm ent (1991) .Eval-
uating Lalbour M arket Programm es: the C urrent State ofa Com plex A rt,
Paris: OECD.

R6] Pudney S.E. (1981). An anpiricalm ethod of approxin ating the sso-
arable structure of consum er preferences, Review of Econom ic Studies,
48, 561-577.

R7] Pudney S.E . (1989) .M odelling ldividualC hoice: The Econom etrics of
C omers, K Inks and Hoks. O xford : Basil B lackwell.

28] Pudney S.E.and J.M .Thaom as (1995). Speci cation tests for the com -
peting risks duration m odel: an application to unem ploym ent duration
and sectoralm ovam ent, O xford Bulletin of E conom ics and Statistics, 57,
323-347.

R9] Ridder, G . (1987). The sensitivity of duration m odels to m isgpeci ed
unobserved heterogeneity and duration dependence, m im eo, University
of Am sterdam .

B0] van den Berg, G .J. (1997) . A ssociation m easures fordurations in bivari-
ate hazard m odels, Joumal of E conam etrics (Annals of Econom etrics),
79, 221-245.

B1l] W ecks, M . (1995). C rcum venting the curse of dim ensionality in applied
work using com puter tensive m ethods, Econom ic Joumal, 105, 520-
530.

29



TABLE A1l Variables used in them odels

Variable D e nition | M ean
T In e-nvariant characteristics (m ean over all ndividuals)

DOB Date of birth (years after 1.1 .60) 12.16
WHITE Dummy = 1 ifwhite; = 0 if other ethnic origh 0.942
GCSE2 Dummy forat least 1 G eneral C erti cate of

Secondary Education (GCSE) pass atgradeD orE 0263
GCSE3 Dummy for 13 GCSE passes at grade C or better 0185
GCSE4 Dummy for at Jeast 4 G CSE passes at grade C or better 0413
ILL Dummy for the existence of a m ajor health problem 0.012
SCHOOL M easure of school quality = proportion of pupils w ith at
Jeast 5 GCSE passes In ~ rst published school league table | 0384
AREA M easure of social background = proportion ofham es n
ward of resddence that are owner-occupied 0.779
Spell-speci ¢ variables m ean over all episodes)

DATE D ate of the start of spell (years since 1.1.88) 111
YTSYET Dummy for existence ofa spellof YT S

prior to the current spell 0229
YTSDUR Total length of tin e goent on YT S prior to the

current spell (years) 0300
YTSLIM Dummy = 1 iftwoyear Imiton YT S was

reached prior to the current spell 0.094
YTSMATCH | Dummy = 1 if current spell is In an ploym ent and thre

was a previous YT S spell n the sam e mdustrial sector 0121
CLERTCAL Dummy = 1 if current spell is in clerical em ploym ent 0.036
TECH Dummy = 1 if current spell is n craft/technical

em ploym ent 0135
STN Dummy = 1 forYTS spell and trainee w ith special

traning needs 0.013
CHOICE Dummy = 1 iflast or current YT S spell

i desired industrial sector 0.136
URATE Local rate of unan ploym ent (at ward level) 0103
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TABLE A2 Sampl transition frequencies (percent)

(@) nitial spell

State of D estination state
orign C E U YTS Attrtion Incomplete| M argnal
C - 70 123 48 49 703 474
E 3.0 - 178 154 09 629 106
U 91 272 - 576 55 0.7 282
YTS 16 739 1109 - 101 25 138
Margnal| 31 215 9.7 202 51 405 100
b) ATl spells
State of D estination state
orign C E U YTS Attrtion Incomplete | M argnal
C - 81 134 409 48 68.8 251
E 0.7 - 132 58 04 799 305
U 53 378 - 412 133 24 245
YTS 13 706 165 - 82 34 199
Margmal| 1.8 253 10.7 131 62 42 9 100
TABLE A3 M ean durations (years)
C E U YTS

M ean duration for com pleted spells

100 057 027 148

M ean elpsad duration for
both com plete and ncom plete spells

295 217 031 152
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TABLE A4 Estin ates: lnitial state Jogit com ponent (standard errors in

parentheses)

D esthation state (relhtive to YT S)

C ovariate c E U
Constant 1575 (036) 0321 (038) 3.835 (047)
WHITE 2580 (034) - -0.867 (037)

GCSE2 0530 (0.16) - -
GCSE3 1284 (020) 0212 (022) 0307 (0.16)
GCGSE4 2985 (020) 0473 (024) 0522 (017)

ILL - 2311 (110) -
SCHOOL 1.855 (031) - 1236 (0.35)
AREA - - -1.818 (0.33)
URATE - -8.607 (257) -12.071 (1.95)
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TABLE A5(a) Estin ates: transition com ponent (standard errors in

parentheses)
C oet cient D esthation-gpeci ¢ transition ntensities
®;) C E U 0 YTS
Constant 1377 (1.85) 5924 (057) -1.820 (0.71) 6926 (0.78) 4481 (111)
DATE -8.090 (2.99) - - 0.795 (011) -1.884 (014)
YTSYET - 1461 (043) - -
YTSDUR - 0.762 (018) 1328 (046) -0498 (0.17) -
YTSLIM IT - 2568 (0.71) 3234 (0.75) - -
YTSM ATCH - - 0610 (0.50) - -
CLERICAL - - 0865 (0.53) - -
STN - - 1158 (041) - -
CHOICE - -0335 (0.15) - - -
WHITE 1919 (0.77) 1433 (028) -0.751 (032) - 1.007 (029)
GCSE2 2150 (0.61) - 0666 (020) - 0437 (018)
GCSE3 2369 (0.88) -0.700 (017) -1233 (024) 1415 (033) -1.036 (045)
GCSE4 3406 (094) -0939 (018) 2046 (026) 2221 (032) -1.642 (045)
ILL - - 0642 (039) - 0964 (0.75)
B - - 4782 (059) -0962 (061) 3469 (1.05)
9) 5530 (0.73) 6.654 (0.54) - 5.079 (058) 6.066 (1.04)
YTS - 3558 (049) 2853 (041) - -
U*GCSE3/4) -0447 (0.72) 0927 (022) - 1197 (036) 1.635 (045)
SCHOOL - 0233 (032) 0690 (047) -1389 (045) 1451 (050)
AREA 1512 (123) - -1.628 (0.51) - -
URATE - 3231 (1.99) 2630 (2.62) 8488 (332) 5.724 (320)
College 14 0817 (0.16)
College 1, 1516 (0.16)
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TABLE A5() Estimates: Burr shape param eters (standard errors in

parentheses)
D estination
O rigin C E U 0 YTS
C - 1341 (015) 1852 (016) 1636 (013) 1.167 (022)
B 0356 (045) 1528 (021) 1190 (022)
9) 2667 (025) 1.601 (010) - 1.722 (011)
YTS 0592 (058) 1427 (012) 1100 (0.13) -
%ij
C - 2494 (062) 1471 (047) 0555 (026) 5547 (148)
B 0414 (1.70) 4,083 (043) 5465 (0.75)
9) 2429 (041) 1.652 (013) - 1508 (012)
YTS 5569 (445) 1.018 (036) 1315 (0.40) -
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TABLE A6 Estimates: YT S lm it Jogit (standard errors in parentheses)

Param eter Coet cients for state E
C onstant 5205 (125)
H eterogeneity (3 ) <1493 (0.81)

TABLE A7 Estimates: coet cients of random e®ects and correlation
param eter (standard errors in parentheses)

State
C E U YTS
Tnital state logit (Ai) 0075 (0.10) 1.106 (039) 0.160 (023) 0521 (023)
Transition m odel (! ;) 3832 (033) 0248 (021) 0335 (013) -0.586 (020)
C orrelation param eter (, ) 0224 (0.04)
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