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Abstract

Inthisreport, we use the datafrom the 1998 Adult Education and Training Survey
(AETS) to estimate the impact of participating in adult education and training on
the employment and earnings of Canadians. We apply methods that assume
“selection on observables’, including both standard regressi on-based methods and
propensity score matching methods. We al so apply methods based on instruments
or exclusion restrictions, including standard instrumental variables estimation and
thewell-known Heckman bivariate normal selection estimator. These methodsaim
to deal with “selection on unobservables’. We find that none of the methods we
examine produce plausible estimates of theimpact of adult education and training,
although the methods that assume sel ection on observabl es produce more reasonable
estimates than those that assume an instrument or exclusion restriction. Based on
theresultsof our analysis, we suggest improvementsto the AET Sthat would make
it abetter tool for estimating thelabour market impacts of adult education and training.
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1. Introduction

Evaluating theimpacts of adult education and training isof great valuefor anumber
of reasons. To the policy-maker, information on thelabour market effects of publicly
financed adult education and training has obviousimplicationsonce placed insidea
coherent cost-benefit framework. Similarly, information on the labour market effects
of salf-financed and empl oyer-provided adult education and training providesinsight
on the extent to which existing policies to subsidize or tax such training (or the
earningsincrementsit leadsto, if any) could influence decisions, potentially away
from the socially optimal level of participation in these activities. For scholars,
information on the impacts of adult education and training provides insight into
how individual s and firms accumul ate human capital and shedslight on questions
of political economy, credit constraintson individualsthat may prevent them from
making individually and socially optimal investmentsin human capital, and theories
of under-provision of training in the labour market.

Theliterature distinguishes publicly financed or provided training, especially
that for the unemployed or for workersre-entering thelabour force, from that provided
by firmsto their employees. There are several reasonsfor doing so, including the
fact that the populations receiving the two types of adult education and training
have quite different characteristics, aswell asthefact that the content and duration
of thetraining tend to differ substantially. Wefollow that distinctioninour empirical
work below and in our brief literature review here.

An extensive literature exists on the labour market effects of government
employment and training programs. Table 25 of Heckman, Lalonde and Smith
(1999) lists literally dozens of such studies from numerous countries around the
world. Inthe United States, numerous studi es have made use of random assignment
methods to produce high quality, credible estimates of the impacts of programs
focused on job search assistance, classroom training and wage subsidies. Table 22
of Heckman, Lal.onde and Smith (1999) providesapartial list of such studies. The
published evaluation record for such programs in Canadais much more limited.
Two notable sources are Park, et a. (1996) and the widely cited Self-Sufficiency
Project, summarized in Michalopoulos, et al. (2000). Riddell (1991), Smith and
Sweetman (2001) and Warburton and Warburton (2002) analyze and critique the
evaluation of public adult education and training programsin Canada. Fortunately,
thetypesof programsand populations served in the United Statesare similar enough
that their evaluations provide a useful benchmark to compare our findingsin this

study.

Theexisting literature on the effects of employer-provided training ismuch
thinner. There are several reasonsfor this. First, governmentsare, quite reasonably,
willing to spend alot more money evaluating their own programs than eval uating
those of privatefirms. Second, good dataon therecei pt of employer-provided training
ishard to comeby. Even when alarge survey containsquestionsrel ating to employer-
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provided training, there are strong issues of measurement error.! Third, while
individualstypically participatein government-financed training only once, or only
at rare intervals when they are unemployed, employer-provided training often
continues throughout the lifecycle. Training episodes are often short, on the order
of daysor weeks, and there are often multiple spellswithin ayear. As documented
below, these patterns characterize employer-provided training in Canada. These
features of employer-financed training imply the need for longitudinal rather than
cross-sectional dataand also makeit difficult to know how to code participation—
whether in terms of incidence, hours, episodes and so on. British studies by
Arulampalam, Booth and Elias (1997) and by Blundell, Dearden and Meghir (1996)
attempted to use panel datato study the labour market effects of such training and
wrestled with theseissuesin depth.

Heckman, Lochner, Smith and Taber (1997) and Carniero, Heckman and
Manoli (2002) summarizethe evidencefromtheliterature that attemptsto evaluate
the labour market effects of employer-financed adult education and training. One
common finding isquite high estimated effects, which are generaly attributed to a
fallure of the available datato completely control for the assumed selection of more
able and more motivated employeesinto training within firms. We did not find any
studies along these lines using datafrom Canada.

In this paper, we estimate the impacts of participation in adult education and
training using the datafrom the 1998 Adult Education and Training Survey (AETS).
The AETS s asupplement to the Canadian Labour Force Survey (LFS), and asa
result includes all of the information on labour market activity and demographic
characteristicsincluded inthe LFS. Our analysishastwo primary goals. Thefirstis
tobegintofill thevoidintheliteraturein regard to the labour market effects of adult
education and training in Canada. The second isto determinethevalue of theAETS
as adata source for use in evaluation. The second goal is not trivial because the
primary focusof theAETSison documenting the typesand extent of participation
in adult education and training, as well as providing a vehicle for studies of the
determinants of participationin adult education and training.

The active literature on econometric methods for evaluating the impacts of
treatments such as adult education and training includes a variety of aternative
estimation strategies.? The basic problem addressed by all of these estimatorsisthe
general absence of dataon random assignment treatments. In the absence of random
assignment, we have observational data, which have the fault that the observed
variation intreatment, in our context the observed variation in participation in adult
education and training, comesfrom the (assumed) optimizing choicesof individuals.
Individuals have information that the analyst does not, and have characteristics
that the analyst does not observe. As a result, smple comparisons of the labour
market outcomes of participants and non-participants combine the effects of
participation with differences due to non-random participation. These differences
lead to selection bias.

Theliterature offerstwo wide classes of estimatorsto deal with this problem:
those that assume sufficient information in the datato mostly correct for systematic
differences between participants and non-participants, and those that assume the
absence of such information but instead assume the presence of a variable (an
instrument or exclusion restriction) that affects participation but not outcomesinthe
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absence of participation. We utilize two evaluation strategies drawn from each of
these broad classes. In the first class, we use standard regression-based methods
(the so-called Barnow, Cain and Goldberger (1980) estimator) aswell asrecently
developed propensity score matching methods. In the second class, we use
instrumental variables methods as well as the widely known Heckman (1979)
bivariate normal selection estimator. In each case, our specifications build on what
welearned from our analysis of the determinants of participation in adult education
and training.

As discussed, for example, in Heckman, Lalonde and Smith (1999) and
Smith (2000), each of these estimators makes different assumptions about the
processes that generate participation in adult education and training as well as
employment and earnings, the two labour market outcomes we examine. At most,
the assumptions of one of the estimatorswe consider match the dataand institutional
context we examine here. Our purposein examining al of themisto alow thedata
toinform us, in part, regarding which estimation strategies seem most plausiblein
the AETS context, and also to alow the findings to suggest ways in which the
AETSdatamight beimproved for the purposes of impact estimation.

Theimpact estimateswe obtain from al of the econometric methodswe apply
prove disappointing. Theimpact estimatesfor training financed by employersare
much too large, while those for training financed by the government are often
negative. Theoretical arguments based on expected rates of return, as well as
comparisons with alternative estimatesin the literature that use better data (in the
case of government-financed training, often experimental data), cast strong doubt
on the estimates obtained here. These poor resultshold for all of the estimatorswe
examine, but theresultsfrom theinstrumental variableand Heckman bivariate normal
estimatorsprovetheleast credible. Sensitivity analysesindicate that these poor results
arerobust to modest changesin the specification we estimate, leading usto conclude
that the primary problem with the estimatesliesin the datarather than in the methods.
Put ssimply, the AETS data lack critical elements necessary to produce credible
estimates of theimpact of adult education and training on labour market outcomes.

Theremainder of our study proceedsasfollows. Section 2 describesthe 1998
AETS data that we use, and defines our measures of training participation and
labour market outcomes. Section 3 describesthe non-experimental estimation methods
we employ to estimate the effects of adult education and training on participants
earnings and employment. Section 4 presents our impact estimates, and indicates
why they are problematicin light of the existing theoretical and empirical literature.
Section 5 briefly summarizes our suggestionsfor waysto makethe AETS abetter
tool for estimating impacts; these suggestions are elaborated on in our companion
paper Hui and Smith (2003). We conclude in Section 6 with asummary and some
conclusionsregarding adult education and training in Canada.
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2. Data

2.1 The AETS data

Thedatawe use come from the 1998 Adult Education and Training Survey (AETS)
master file. The 1998 AET Swasthethird in aseries of comparable surveysdesigned
to measure participation in adult education and training, defined as education and
training that occur after the conclusion of formal schooling. The objectives of the
survey areto measure participation rates, determinetherole of employersin adult
education and training participation and provision, and to identify barriersto adult
education and training. Statistics Canada collected the AETS data on behalf of
Human Resources Development Canada.

The AETSisasupplement to the Labour Force Survey (LFS). The LFS has
an overlapping panel design. Each month a new random sample of the LFS
population — civilians ages 15 and over —is drawn. Each such sampleiscaled a
rotation group. Each rotation group is of roughly equal size, and each oneremains
inthe LFSfor six consecutive months, at which point it isno longer followed but
instead replaced by a new rotation group. The AETS was administered to five of
the six rotation groupsin the January 1998 and March 1998 L abour Force Surveys.®

The 1998 AETS (hereafter just AETS) consists of five modules, designated
A to E. The questions in Module A collect background information on the
respondent. The modul e also asks whether the respondent received any training or
education within the previous year. Respondents who indicate that they did not
receive any education or training skip the following three modules, B, C and D,
and proceed directly to module E.

Thequestionsin Module B ask about the details of any training or education
leading to formal certification of some sort. The AETS calls such education and
training “training programs.” The questionsin Module C ask about the detail s of
any education or training not leading to formal certification. TheAETS calls such
education and training “training courses.” The questions in Module D concern
coursestaken for hobby, recreational or personal development reasons. They also
cover residud training activities not reportedin Module B or C. We omit the courses
reported in Module D from our analysis due to our focus on training related to
labour market outcomes. In each of Modules B, C, and D, the survey collects
information on up to five different courses or programs. Theinformation collected
on each course or program includesthefield of study, thelocation, the provider, the
teaching medium, the duration, whether or not the training was completed, who
paid for thetraining, and what employer support was provided (if any). Thesurvey
also collectsinformation on respondents’ reasonsfor taking thetraining, expectations
regarding thetraining, and opinionsof thetraining’susefulness. All of the questions
in Modules B, C and D refer to education and training activities undertaken in
1997.
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All respondents complete Module E. This module collects information on
labour market outcomesin 1997 for which dataare not collected onthe LFS. This
includesinformation onthemainjobin 1997 if it differsfrom that at the time of the
LFS completion in 1998. Module E also collects a variety of demographic
informationincluding characteristicsof therespondents' parentsand the respondents
immigration and disability statuses. To supplement the information collected in
Module E, the labour force information collected on the LFS is attached to the
record of each AET Srespondent. In addition, Module E includesaseries of questions
that seek to determine why respondents were not ableto participatein thetraining
they wanted or needed to take during the reference year.

The household response rate to the LFS was 95.3% 4, while 85.2% of LFS
respondentsresponded to the 1998 AETS. Thisimpliesarespectable overal AETS
responserate of 81.2%. The 1998 AET Shasatotal of 33,410 respondents. In order
to restrict our attention to those who have completed their formal schooling, we
further restrict the sample to persons 25 to 64 years of age who are not full-time
students at the time they complete the LFS. Table 1 shows how these restrictions
result in basic analysis samples of 10,748 malesand 12,418 females. The samples
actually used in some analyses are smaller due to item non-response on particular
covariates.

2.2 Defining our measures of training receipt

Asnoted in theintroduction, theliterature on adult education and training (hereafter
weoftenjust cal it “training”) distinguishes public and private training for anumber
of reasons. In Canada, the popul ationsthat receive public and privatetraining differ
substantially. Public and private training also tend to differ in their content and in
thenature of their providers. Thus, wedistinguish between public and privatetraining
inthisstudy.

The AETS distinguishes between employer-supported training and non-
employer-supported training. The AET Sinterprets employer support very broadly,
toinclude suchthingsasunpaid timeoff for training. In contrast, wefedl that someone
receiving unpaid time off from hisor her employer to participatein agovernment-
sponsored training program should be designated asreceiving government training,
rather than privatetraining.

Thus, we adopt an alternative definition that (necessarily) relies on the
information availablein theAET S but instead focuses on who paid for thetraining.
In particular, we define three mutually exclusive categories. employer or union
financed training, self-financed training, and government or other financed training.
Thefirst category consistsof any training paid for, inwholeor in part, by an employer
or aunion. Thiscategory dominatesthe othersin the sensethat training paid for by
both an employer and the government, or by the employer and the individual, is
counted only inthis category. The second category, self-financed training, includes
any training paid for solely by the respondent, along with training provided free of
charge. Thiscategory may include sometraining where the government subsidizes
(inwholeor in part) thetraining provider, depending on whether or not respondents
recognize this subsidy in their survey response. It may also include training that
receives indirect subsidies in the form of tax credits, transportation assistance,
childcare allowances or exemption for job search requirements. Thefina category
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isaresidual category that includes training the respondent reports as exclusively
funded by the government or other sources. Thevast mgjority of thetraininginthe
third category isreported asfunded exclusively by the government.

As aready mentioned, the AETS distinguishes between “programs’ and
“courses’ based on whether or not the training leads, or is intended to lead, to
formal certification. Participation in programsand participation in courses are not
mutually exclusive in the AETS data, although the vast mgjority of individuals
participate in only one or the other. In addition, they provide some evidence of
differencesin the determinants of participation for programsand courses. However,
given our relatively small sample sizes, and given that the distinction between
programs and courses relies on judgements by the respondents, we combine the
two typesof training in defining our measures of treatment.

While some AETS respondents report receiving multiple training spells,
whether programs or courses, in 1997, the vast majority of participantsreport only
asingle spell. Thus, in our analysesthe “treatment” variables consist of indicator
(dummy) variables for receipt of employer/union training (courses, programs or
both), self-financed training (courses, programsor both) or government/other training
(courses, programs or both). Table 2 provides descriptive statistics for the three
treatment measures, aswell asthe underlying distributionsin termsof coursesand
programsfor each of the three funding sources.

To get asense of how much training the treatment represents, Table 3 presents
descriptive statistics on the distribution of hourswithin reported training spells. The
top panel indicates the mean duration, as well as the 1st, 2nd (median) and 3rd
quartilesof thedistribution for the combined sample of training programsand courses.
Theinformationis presented separately for men and women and, within these groups,
both overall and separately by the financing source for the training. Four main
findingsemergefrom Table 3. First, employer-financed training generally hasmuch
shorter durations than government and self-financed training. This holds for both
men and women and for both courses and programs. Second, as expected given
their definitions, training programstend to have much longer duration than training
courses, athough the two distributions do have non-trivial overlap. Third, themean
durations show aremarkable similarity between men and women. Fourth, thedata
reveal ahuge amount of heterogeneity intheintensity of thetreatment whoseimpacts
we seek to measure. To take just one example, government-financed training for
men has amean duration of 591.5 hours, but the 1st quartile duration is 90 hours,
whilethe 3rd quartileisover 1,000 hours.

A number of thetraining spellsinthe datawerestill in progress at the time of
the AETS interview in 1998. Persons with a spell of training in progress at that
time, which is when our outcomes are measured, are included in the descriptive
statistics but omitted from the impact analyses.

2.3 Defining our outcome variables

Studies of the impact of education and training typically focus on their effect on
employment and on earnings. We care about employment because the employed
generally support themselves, rather than relying on employment insurance or social
assistance. Thus, getting people employed representsagoal of many government
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training and assistance programs. At the sametime, for conventional cost-benefit
analysis, earnings provide amore natural outcome measure. In addition, earnings
reflect differencesin hours of work and rates of pay between jobs. All else equal,
the government (and the trainee!) would prefer that government-financed or
subsidized training result in full-time jobswith higher rates of pay rather than part-
time jobswith lower rates of pay.

We follow the literature by defining two outcome measures, one related to
employment and onerelated to earnings. Thefirst outcome measureisemployment
at thetime of therespondents' LFSinterview in 1998. The second isrespondents
usual weekly earnings at their main job as of the LFS interview in 1998. Table 4
reportsthe means (and, for earnings, the standard errors) of these variablesfor the
full samples of men and women, and conditional on participation in each type of
training (employer/union-financed, self-financed, and government/other-financed)
or onreceiving no training in 1997.

Asdiscussed indetail in Hui and Smith (2003), these outcome variableshave
the very important drawback that they are measured no morethan 12 (or 15inthe
case of the March 1998 respondents) months after the completion of the training
whose effect we seek to measure. In some cases, the lag may be only a month or
two, or the training may not yet even be complete. As aresult, the outcomes may
not fully pick up the earnings and employment effects of training, particularly if it
takes sometimeto find ajob following completion of thetraining. Recent evidence
fromthe CaliforniaGAIN program presented in Hotz, Imbens and Klerman (2000)
suggests that government-financed human capital acquisition may have a payoff
that does not fully appear for acouple of years after the completion of training.
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3.  Evaluating the labour market effects
of education and training

In this section, welay out amodel of labour market outcomes and participationin
training. We then describe the assumptions required under different econometric
methods of estimating the impact of training on outcomes.

In considering aternative eval uation methods, we are limited by the fact that
the AETSisessentially across-sectional survey. The AETS collectsinformation
on each respondent only once. While the AETS data contain information on total
annual earningsfor theyear 1997, which isthe period during which thetraining it
measurestakes place, thisearnings measure is not comparabl e to the weekly 1abour
earnings measure obtained in the Labour Force Survey in 1998. Moreover, for
most longitudinal estimation strategies, we want dataon the outcome prior to, rather
than at the sametime as, the training whose impact we seek to estimate. Thelack of
preciseinformation on thetiming of training during 1997 further limitsany attempt
at using longitudinal methods.

Thus, the datacompel usto restrict our analysisto cross-sectional evaluation
methods. We consider two pairs of related methods. Thefirst pair of methodsrelies
on the assumption that the data contain information on all of theimportant factors
affecting both labour market outcomes and participationintraining. Theliterature
refersto thisassumption as* selection on observables.” We consider both parametric
regression and semi-parametric matching estimatorsthat build on thisassumption.
The second pair of methods allows for selection on unobservables. Both methods
require the presence in the data of an instrument (or exclusion restriction). An
instrument isavariablethat affects participation but not outcomes, other than through
itseffect on participation. Credible examplesof such variablesaredifficult to come
by in this context; we examinethe performance of multiple candidateinstruments
intheempirica work presented in Section 4. Asmethodsare not our primary purpose,
our discussion is short and focuses on the main points. Further detail on al of the
methods we consider appears in Angrist and Krueger (1999) and Heckman,
Lal onde and Smith (1999).

3.1 A model of labour market outcomes and participation in
training

The standard human capital earnings function (see, for example, Becker, 1964, or
Mincer, 1974) formsthe basis of the outcome modelswe useto estimate the impact
of training on earnings and employment using the AETS. Assuming a linear
functional form, we have the outcome equation,

Y, =Ly + B Xyt ¥ B Xy +0,T +.o +0, T e,
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whereY, denotes the outcome of interest for person “i” in period “t” (earnings or
employment inour case), X,k =1...,K denotefactors such asyearsof schooling
and experience, andT;;, ] =1...,J are indicators for receipt of different types of
training. Henceforth, given that we have only cross-sectional data, wedrop the“t”
subscript. For smplicity later on, wedefineY, =Y, (X;,T. =1 &) tobetheobserved
outcome with training andY,, =Y,(X,,T, =0,&;) to be the observed outcome
without training.

Now cons der the participation equation. For smplicity, assumefor themoment
only a single type of training, so that the participation choice consists of taking
training or not, and that the training is available only in a single period.
LetY (X,,T =1) denote the expected, discounted present value of earnings
associated with training. Similarly, let Y™ (X, T. = 0) denotethe expected, discounted
present value of earnings associated with not taking training. Now let C(W) denote
the expected, discounted present val ue of the costs associated with taking training,
where W, which may include elementsof X, , denotesfactorsthat vary the cost of
training among persons. Such factorsmay include age, existing human capital, family
characteristics, industry, occupation, job tenure, firm size, region, and so on.
Assuming linearity, thisgivesthetraining cost function:

C =V * YW, + + YW, +u,

whereW,,...,W,, aretheindividual elementsof W .
A risk-neutral individual will takethetraining if and only if,

Y (X, T =1)-COW) >Y (X, T, =0).

The expected, discounted gain (or loss) from training isgiven by
H' (X, W) =Y" (X, T, =) =Y'(X,,T, =0) -C(W).

We do not observeH™ (X;,W), because we do not observe the counterfactual
expected earningswithout training for personswho taketraining or the counterfactual
expected earnings with training for personswho do not take training. What we do
observein the dataisthe decision of whether or not to take training. We can write
this decision in the form of a binary choice model, T, =1 for persons who take
trainingand T, =0 for those who do not:

L H™ (X, ,\W)>0;
i 0 otherwise.

AssumingthatY” (X,,T.) isalinear function of X; andT, (asabove), that C(W) is
alinear function of W, and that the unobservable components of both have normal
distributions centered at zero, yields areduced-form probit model of participation.
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The generalization to individualswho are not risk-neutral isstraightforward.
Simply change the discounted earnings streams above to discounted utility streams.
Equally straightforward isthe generalization to multiple typesof training, solong
as we continue to assume that the training takes place in only one period — an
assumption consistent with our cross-sectional data (but not, of course, with redlity).
Inthiscase, there are multiple possible earnings, or utility, streams, with onefor no
training and one associated with each available type of training. Each individual
choosesthetraining action associ ated with the maximum of these discounted val ues.

Now consider some implications of this simple model of participation and
outcomes for the impact estimation undertaken in thismodel. Thisisamodel of
rational training participation. Individuals participatein training when they expect,
ex ante, that the benefitswill exceed the costs. Thisfeature of the model has several
implications. First, it suggests a strong prior belief that the impacts of training,
particularly of private training (publicly financed training is sometimes taken for
other reasons), will have a positive impact on labour market outcomes. Negative
impact estimateswill raise suspicion and can be considered aninformal specification
test of sorts.

The second implication of rational behaviour in the context of this model
relatesto instrument selection. Individual s deciding whether or not to taketraining
areweighting the costs and benefits of doing so. Good instrumentswill bevariables
that affect the costs and benefits of taking training without affecting outcomesinthe
absence of training. Examples of possible instruments suggested by this line of
reasoning include variables specifically related to costs, such asdistanceto thelocal
training centre, and variables related to variation in the impacts of training. The
third implication of rational behaviour relates to heterogeneous impacts. If some
individualsgain more (or gain at all) from training and others gain less, wewould
expect that if individuals can predict their gainsto some extent, those we observe
taking training will have larger impacts from it than those we do not. This has
important implicationsfor policiesthat seek to increase participationintraining, as
it suggests care in generalizing estimated impacts of training to populations not
presently observed to takeit. There may be areason they are not doing so.

Next, consider theissue of selection biasin the context of the ssmple model.
Some variables affect both participation in training and outcomesin the absence of
training. If wefail to condition appropriately on these variableswhen estimating the
impact of training, our estimates of the impact of training will be biased as the
training indicator will proxy for the missing variablesthat affect both training and
outcomes. Two standard examples of such variables are ability and motivation.
Both ability and motivation likely have a positive effect on both earnings and
participation in training, which implies a positive bias in the estimated impact of
training if they matter and wefail to condition on them.

If we observetherelevant variablesthat affect both participation in training
and outcomesin the absence of training in our data, then we have what Heckman
and Robb (1985) refer to as* selection on observables.” Inthiscase, including these
variables appropriately using the methods discussed in Section 3.3 will sufficeto
solve the selection problem. If we do not observe the relevant variables, then in
terms of the model these unobserved factorsresult in acorrelation between the error
terms in the outcome and participation equations, so that corr(&;,u,) # 0. In that
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case, we require methods for “ selection on unobservables’, which we discussin
Section 3.4. Thesemethodstypically require aninstrument or an exclusion restriction,
which, in terms of our model, isavariablethat “belongs’ in W but notin X;.

Finally, consider the relationship between this simple, static model and the
underlying dynamic process of training participation over thelifecycle. Asshown
in Becker (1964), it makes sense to take training when young rather than old, as
young people have alonger period over which to realize the labour market benefits
of their training. Thisdynamic aspect of the training participation decision can be
captured in the static model by including age asadeterminant of training.

Another lifecycleissue concernsrepeated participationintraining. Empiricaly,
we observe individual s taking both publicly financed training (see, for example,
Trott and Baj, 1993, for the U.S.) and privatetraining (see, e.g., Blundell, Dearden
and Meghir, 1996 for the U.K..), more than once. Suppose these repeated instances
of training are not independent, but instead are positively correlated, perhaps dueto
unobserved differences in tastes for training. In this case, the impact of current
training we estimate may also include the impact of past training episodes we do
not observe. To the extent that training hasthe positive effect suggested by theory,
thiswould bias our impact estimates up, if weinterpret them strictly asimpacts of
the training we observeinthe AETS.

3.2 Parameters of interest

In aworld in which individuals have heterogeneous impacts from training, it is
important to consider precisely what the parameter of interest isin evaluating the
impact of training.® To keep the discussion simple, we again assumefor the moment
only asingletraining type, withimpacto, (=Y, —Y, ) for person“i”. Theextension
to multipletraining typesisstraightforward. We consider three possible parameters
of interest and briefly discussthe relationships among them.

The average treatment effect (ATE) is, simultaneously, the effect of training
on arandomly selected person in the popul ation of interest and the mean effect on
all personsinthe population of interest. It isdefined as

ATE =E(J)

Thisparameter isof interest in caseswhereapopulationwill berequired (or induced)
to participatein training.

Themost common treatment effect parameter intheliteratureisthe so-called
“treatment onthetreated” (TT) parameter. Thisparameter measuresthe mean impact
of training on those observed to receiveit in the data. In term of our notation, itis
given by

TT=E(3 T, =1)

Thisparameter isof interest if wewant to perform acost-benefit analysisontraining
currently being received, whether privately or publicly funded.
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Thefinal type of parameter of interest consists of various treatment effects
measured at the margin. If we have abinary instrument, then we can define local
average treatment effects (LATES), asin Imbensand Angrist (1994). The LATEis
the mean effect on those personswho change training participation statuswhen the
instrument changesvalue. It assumesamonotonic response, so that personsdo not,
for example, becomemorelikely to participate when they movefarther away from
atraining centre. Each different instrument impliesitsown LATE, and the LATES
for two different instruments may differ substantially depending on the impacts
realized by the persons each instrument inducesto participate. If theinstrumentisa
policy variable, such asthetuition for the training, then the LATE may be of great
policy interest. If we haveacontinuousinstrument, we can define marginal treatment
effects (MTES) asin Heckman and Vytlacil (2001). The marginal treatment effect
they defineisthe effect on the person just indifferent to participating at their current
valueof theinstrument. That is, themarginal personisoneforwhom H™ (X;,W) = 0.
Heckman and Vytlacil (2001) show that all of the other common treatment effect
parameters can bewritten as particular integrals of such MTEs.

Finally, we can define other marginal effects not necessarily related to
instruments. If we build a new training centre in a depressed town, then we can
define the impact on the persons who choose to participate in the presence of the
new training centre who did not participate before when they had to travel to the
next town. Thistreatment effect werefer to asamarginal average treatment effect
(MATE). Itisnot aLATE, because the variation (the new training centre) isnot an
instrument, due to the placement of it in a depressed town where, presumably,
outcomesin theabsenceof training arelower. From the discussion, thepolicy interest
inparticular MATEsisclear.

Inthispaper, welook only at theimpact of treatment on thetreated for different
types of training. We do so for several reasons. First, although it is the parameter
most often examined in the literature, estimates for both publicly financed and
privately financed training remain somewhat controversial, especially the latter.
Second, none of the instrumentswe examine arise from variation in policy, which
istypically necessary for LATEsto be of interest. Finally, as no oneis proposing
making either public or private training mandatory, potential interest in the ATE
parameter in thiscontext issmall.

3.3 Cross-sectional evaluation methods that assume selection on
observables

I nthissection, we consider two methods based on “ sel ection on observables’. That
is, both methods assumethat we observeinthe dataall the main factorsthat affect
both participation in training and outcomesin the absence of training.

The most common (and, which is not unrelated, the simplest) method for
eva uating theimpact of training relies on standard regression methods. For smplicity,
wefirst consider the case of onetraining type and acommon effect of training. The
extension to multipletraining typesis straightforward; we discussthe extension to
heterogeneoustraining impacts bel ow.

Now supposethat X; includesthestandard variablesoneincludesin the human
capital model, such as previous schooling and experience (or its proxy, age). But
suppose that there remain other factors, not included in the standard human capital
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model but availablein thedata, which affect both outcomesin the absence of training
and participationintraining. Geographic locationisapotential example here. These
latter variables represent a subset of W.. We let Z, denote the union of this subset
of W with X;. Under these assumptions, we have that

E(s | X, T)#0,
but
E(&12,.T)=0. @

Barnow, Cain and Goldberger (1980) (hereafter “BCG”) first derived thismotivation
for estimating theimpact of training using standard regression methods but with a
rich set of covariates — rich enough to make the outcome equation error term
conditionally mean independent of training.

Asdiscussed in Heckman and Robb (1985) and Heckman and Smith (1996),
inaworld with heterogeneousimpacts, the error termin the outcome equation now
implicitly includes the person-specific component of the impact for persons who
receivetraining. That is, the error term includes the difference between the mean
impact of treatment on thetreated and theindividual trainee’ simpact fromtraining
aswell asthe unobserved component of the outcomein the absence of training. In
the BCG set-up, the only major changeisin interpretation. The coefficient on the
training indicator now just estimates the mean impact of treatment on the treated;
under the common effect world it was also an estimate of the average treatment
effect.

Like the standard regression estimator, matching assumes selection on
observables. However, rather than assuming a functional form for the outcome
equation, matching directly comparesthe outcomes of trained and untrained persons
with the same (or similar) values of those variables thought to influence both
participation in training and outcomesin the absence of training.

Matching hastwo advantagesrel ativeto theregression estimator just discussed,
and one disadvantage. The primary advantage is that it is semi-parametric. No
functional form assumption from the outcome equation isrequired to implement the
estimator. In standard regression analysis, even if you have the correct covariates,
you can still get biased estimatesif you assumetheincorrect functiona form—say
by failing to include needed higher order or interaction terms. The second advantage
is that you can match on variables that are correlated with the error term in the
outcome equation. Thisisthe case because matching only requiresthat the mean of
the error term be the same for trainees and non-trainees with given values of the
conditioning variables, not that it be zero. In notation, it requiresthat

E(|1Z T, =)=E( |Z,T =0),

but it does not require, as regression does, that both terms equal zero. Thisisa
weaker assumption than assumption (1) above.® The disadvantage of matching is
that, if thelinear functional formrestriction, implicit inregression-based analysis, in
fact holdsinthedata, thenfailing toimposeit reducesthe efficiency of the estimates.
Put differently, if the outcome equation really islinear, imposing linearity will lead
to smaller standard errors on theimpact estimates.
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The conditional independence assumption (CIA) that justifies matching is
given by:

Yo 0T 1Z;.

Thisassumption impliesthe balancing condition mentioned in the preceding
paragraph. The CIA states that, conditional onZ,, the variables affecting both
participation in training and outcomes in the absence of training, participation in
trainingisunrelated to outcomesin the absence of training. Put differently, whatever
selection into training takes place, within groups defined by the samevaluesonall
thevariablesinZ, , participation is unrelated to what would happen if the person
did not taketraining. Thus, overall, trainees may have better or worse labour market
prospects than non-trainees, but conditional onZ, , their expected labour market
outcomes are equivaent. Two technical detailsdeservenote. First, thisistheversion
of the CIA that justifies using matching to estimate the mean impact of treatment on
the treated; astronger version, which also appliestoY,; , isrequired for estimating
the average treatment effect. Second, the variablesinZ, may not be factorsthat can
be altered by the trainee in anticipation of taking training (or by a non-traineein
anticipation of not taking training). See Lechner and Miquel (2002) for more on
thislatter point and Heckman, Lal onde and Smith (1999) for more on the former

point.

The problem with matching directly on Z, isthat any set of covariates that
plausibly satisfiesthe CIA isgoing to be of relatively high dimension. Eveniif all
theelementsof Z, arediscrete, the number of distinct combinations becomeslarge
very rapidly, leading to the problem of empty cells — values of Z, for which we
observe participants but no corresponding non-participantsto provide the estimated
counterfactual. Simply omitting traineesin cellswith no non-traineesisnot avery
satisfying solution. Equally unsatisfying are the various ad hoc cell combination
algorithmsused in some of the evaluations of the Comprehensive Employment and
TrainingAdministration (CETA) programintheU.S. These eval uationsare surveyed
and referenced in Barnow (1987).

Thisproblem of the potential absence of non-traineesto providethe estimated
counterfactua for traineeswith certain values of the conditioning variablesiscalled
the*“ support problem.” The support isastatistical term meaning the set of valuesfor
which adensity functionisnon-zero; that is, it isthe set of values of avariablethat
you might observe with positive probability. Along with the CIA, the second main
assumption underlying matching is the support condition, given by
Pr(T. =1]Z,) <1 for &l possible values of Z,. This condition states that for all
values of the conditioning variables, some personswill not participate. Evenif this
condition holdsin the population, it may sometimesfail in finite samples. A more
general version of the support conditionisrequired to estimate the average treatment
effect.’

Regression-based methods, such asthe BCG estimator, implicitly “solve’ the
support problem through thelinear functional form assumption. Thefunctional form
assumption fillsin wherethe dataare absent. Thisfact reveal sanother advantage of
matching; it highlightsthe support condition and makesit clear whether the results
obtained were generated by the data, or whether the counterfactual sinstead depend
heavily on thelinearity assumption.
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The literature has converged on an alternative solution to the “curse of
dimensionality” and the related support problem. Rosenbaum and Rubin (1983)
showed that if youcanmatchon Z,, thatis, if Z, satisfy the CIA, thenyou can aso
match on P(Zi = Pr(T, =1|Z,) . Thisquantity isthe probability of participation or
“propensity score.” Thishelpssolvethe problem because P(Z,) isascalar —justa
real number between zero and one, rather than avector.

Theliterature containsanumber of different methodsfor actualy implementing
propensity score matches. These include nearest neighbour matching (with and
without replacement), cell matching, kernel matching and local linear matching.
These methods are all consistent in the sense that, as the sample size becomes
arbitrarily large, they al givethe sameanswer becausein an arbitrarily large sample,
all of them rely only on comparisons of trainees and non-trainees with equivalent
values of P(Z). Detailed discussions of the various methods can be found in
Heckman, Ichimura and Todd (1997), Heckman, LalL onde and Smith (1999) and
Smith and Todd (2003).

In this paper, where we are concerned with substance rather than methods,
we confine ourselvesto nearest nelghbour matching with replacement, but vary the
number of nearest neighbours. Consider first just one nearest neighbour. Nearest
neighbour matching without replacement goes through the treated (trainee)
observations one by oneand, for each one, findsthe non-traineewith the nearest (in
absolute value) estimated propensity score. That non-trainee becomesthe nearest
neighbour match for the current trainee and may not be matched to any other trainees.
Nearest neighbour matching with replacement proceeds in the same fashion, but
allows a given non-trainee to be used as the match for more than one trainee.
Matching with replacement reduces the average distance (in propensity scores)
between each trainee and hisor her matched non-trainee. Thisshould reduce bias.
The cost isthat if some non-trainees are re-used, thiswill increase the variance of
the resulting estimate. Dehejia and Wahba (1999) clearly illustrate the problem
with matching without replacement when the number of comparison non-trainee
observationswith high probabilities of training islessthan the number of trainees
with high probabilitiesof training (asit usually isfor obviousreasons). Inthiscase,
you get a lot of bad matches. To avoid this, we match with replacement. The
formulafor the (single) nearest neighbour estimator isgiven by

1 M=y 5=
Z (Yil_ Z Wino,'),

N7y = [

wherethe“i” sumisover trainees, the“j” sumisover the non-trainees, N+, isthe
number of trainees, N+, isthe number of non-trainees, and where

_ [1if j=argmin{ P(Z))-P(Z)) |}
I~ ] 0otherwise.

The generalization to the case of multiple nearest neighbours, each receiving
equal weight, isstraightforward.

Varying the number of nearest neighboursin the estimation allowsusto trade
off between the bias and variance in our estimator. Consider switching from using
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one nearest neighbour to construct the counterfactual for each observation to using
two nearest neighbours. Theaverage distance (intermsof propensity scores) between
each trainee and the non-trainees used to construct hisor her estimated counterfactual
mean necessarily increases. At the same time, the number of observations used to
construct the counterfactual increases, which reducesthe variance of the estimator.
The optimal number depends on the density of non-participants. For example, if
there are not many more non-participants than participants, there islittle gain to
using additional neighbours. We experiment with one, two, and five nearest
neighboursin our empirical work.

The norm in the economic literature that employs matching is to use
bootstrapping methods to estimate the standard errors, for reasons laid out, for
example, in Heckman, Ichimuraand Todd (1997, 1998). For reasons of time and of
computing convenience, weinstead report here estimates that do not take account
of the variance components resulting from the estimation of the propensity scoreor
from the matching itself. Thus, our estimated standard errorsarelikely downward
biased.

3.4 Cross-sectional evaluation methods that assume selection
on unobservables

We consider two (related) methods that attempt to deal with selection on
unobservables. In this setting, we believe that we do not have all of the variables
that affect both participation and outcomes in the absence of participation in our
data. But, webelievethat we have avariable, an instrument or exclusion restriction,
which affects participation but does not affect outcomes other than through itseffect
on participation.

Thefirst of these estimatorsisthe Heckman (1979) bivariate normal selection
estimator. Thisestimator assumesthat the error termsin the participation and outcome
eguations have ajoint normal distribution, and that the selection biasresultsfrom a
non-zero correlation between the two error terms. When the outcome variable is
binary, thismodel correspondsto abivariate probit model. Technically, the Heckman
(1979) model isidentified solely based on the joint normality assumption, and no
exclusionrestrictionisrequired. Extensive experienceintheliteratureintheform
of bothtrial and error and M onte Carlo studiesindicatesthat, in practice, an excluson
restrictionisrequired to ensurethe stability of themodel. Theliteraturealso reveals
that the performance of the bivariate normal estimator depends critically on the
validity of the normality assumption. Simulation resultsin Heckman, Lal onde and
Smith (1999) show that it also depends on having a strong exclusion restriction —
that is, that the variableincluded in the participation equation but not in the outcome
eguation has a substantively important effect on participation. Puhani (2000)
summarizesmuch of themethodol ogical literature on the performance of the bivariate
normal estimator.

The bivariate normal model is often referred to as the “ Heckman two-step”
model, because of the simple two-step estimation procedure outlined in Heckman
(1979). However, estimation in two-stepsisinefficient. Asmany common software
packages (for example, Stata) now includeroutinestojointly estimatethe participation
and outcome equations, it makes sense to do so, and to drop this name for the
estimator. There are both common effect and heterogeneous effect versions of the
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Heckman model; Bjorklund and Moffitt (1987) first laid out the | atter version. For
simplicity, weinterpret our resultsin terms of the common effect model.

The instrumental variables (1V) estimator also deals with selection on
unobservables. The simplest way to think about how the IV estimator worksisin
terms of implementing it by doing two-stage least squares. In the first stage, the
endogenous variable, in our context participation in training, is regressed on the
exogenous variables, including both the X, from the outcome equation and the
instrument Z, . Theestimatesfrom thisregression arethen used to generate predicted
valuesof T,. Unlikethe original valuesof T,, these predicted values have azero
correlation with the error term in the outcome equation by construction, becauseall
of the variation in participation is due to variation in the exogenous variables X,
and Z,. Theoutcome equationisthen estimated using the predicted valuesof T. in
place of the observed values.

Asdiscussed in Heckman and Robb (1985), thelV estimator requiresdifferent
and generally weaker assumptions than the bivariate normal estimator. While the
difficulty of finding valid instruments hastraditionally dominated discussion of this
estimator intheliterature, the recent methodological literature focuses on two other
concerns. Thefirst concernisinstrument strength. Asthe simulationsin Heckman,
Lal onde and Smith (1999) reveal, weak instruments—in the sense of instruments
that have only asubstantively weak connection to participation in training—lead to
highly unstabl e estimates. Bound, Jaeger, and Baker (1995), and the literature that
hasfollowed fromit, aso show that IV estimates based on weak instruments can be
biased. Asaresult of thisline of research, empirical work typically now paysmore
attention to theimportance of theinstrumentsin predicting the endogenousvariable.

The second concern iswith the interpretation of the IV estimatesin aworld
with heterogeneoustreatment effects. Aninstrument may bevalidinthe sensethat
itisnot correlated with the outcome equation error term &, , but may nonetheless be
correlated with the person-specific component of theimpact. Inthissituation, the
interpretation of the estimate produced by instrumental variablesis problematic.
Under certain assumptions, the resulting estimate may be a LATE rather than an
estimate of theimpact of treatment on thetreated, which isgenerally the parameter
of interest. Heckman (1997) discussesthisissuein detail.

3.5 Assumptions and data

Table 5 summarizes the variables available in our data set. How well do these
variables satisfy the requirements of the estimators discussed in Sections 3.3 and
3.4? Can we plausibly employ the BCG, matching, IV and bivariate normal
estimators using our data, given what we know from the literature about the
determinantsof participation intraining and of outcomesin the absence of training?
Thisisthe question addressed in this section.

For clarity, Table 6 dividesthe variablesin Table 5 into three sets, A, B and
C. Set A represents variables we think influence both outcomes and participation,
and which areplaus bly exogenous (not correl ated with the error term) inthe outcome
equation. Thisset includesthe standard variablesincluded in human capital earnings
functions. In such models, education captures differencesin human capital across
individuals due to differences in the amount of formal schooling obtained, while
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experience capturesthe effects of human capital obtained through learning by doing.
In the absence of ameasure of years of experience, asinthe AETS, ageservesasa
proxy measure.

In practice, other variables affecting labour market outcomes also appear in
human capital earnings functions (and employment equations). Such variables
include regional dummies that capture geographic differences in labour market
conditions(and pricelevels, inthe case of earnings), and animmigrant statusindicator
to capture differences dueto language skill, educational quality or discrimination.
Wefollow the standard practice of estimating theimpacts of training separately for
men and women, rather than just including an indicator variable for sex. Familiar
differencesin lifecyclelabour supply dueto childbearing and other factors, and the
resulting frequent statistical rejection of model sthat pool men and women, motivate
this practice. Thus, thereis no need to include asex variablein set A. We include
the variablesin set A in the outcome equations of all the regression-based models
we estimate, and include them in all specifications of the propensity score for the
matching estimates.

Set B representsvariablesthat we expect to affect both participationin training
and outcomes in the absence of training, but which we think are endogenous
(correlated with the error term) in the outcome equation. These variablesinclude
mainly characteristicsof the 1997 job, including firm size categories, and indicators
for union membership and for professional and blue-collar jobs. As some sample
members were not working in 1997, we include indicator variables for missing
valuesof thejob characteristics, along with indicatorsfor any employment and full-
time employment. Due to our concern with endogeneity, we do not include these
variables in any of the regression-based models, as including them would likely
bias the estimates we obtained. However, because we do not think that anyone
would deliberately alter any of these variablesin anticipation of taking training, we
feel confident in including them in some of our propensity score matching
specifications.

Set C represents variableswethink can plausibly be used asinstrumentsfor
training participation. These variables include various measures related to the
respondent’sspouse, if oneispresent, and hisor her children. Themost problematic
variable hereiswhether or not thereisaspouse present, asthereisa(controversial)
literature that suggests amarried wage premium for men. If such apremium exists,
marriage does not constitute a good instrument. Waite and Gallagher (2001)
summarizetheliterature on this. Because of thisconcern, werepeated our analysis
deleting the marital statusvariablesfrom Set C, and obtained qualitatively similar
results. We use the variables in Set C as instruments for our 1V estimates and as
exclusion restrictionsfor our bivariate normal estimates.
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4. Estimates of the labour market impact
of training

In this section we present our estimates of the labour market impacts of training
using thedatafromthe AETS. Wedivide our presentation based on the two outcome
variables of interest — employment and earnings. A short summary of the impact
estimates endsthe section.

We examine several alternative models because we do not have strong apriori
beliefs about how well the assumptions for any of the models correspond to the
popul ation participation and outcome processes for adult education and trainingin
Canada, given the data we have available from the AETS. As discussed in, for
example, Smith (2000), there is no one econometric evaluation estimator that is
alwaysthe correct one, regardless of the available dataand the substantive context
under consideration, although one could not befaulted for drawing thisconclusion
from much of theliterature. Assuch, we consider estimatesfrom severa alternative
estimatorshere.

4.1 Impacts of training on employment

Table 7 lists our estimates of the impact of any training on employment as of the
1998 LFS survey. For ease of presentation, estimates of the other parametersin
each model appear intheappendix (TableA.1andA.2), which aso presentsestimates
of the propensity score models, of the participation equation in the bivariate probit
and bivariate norma models, and thefirst stage estimatesfromtheV estimation.

Each row of Table 7 correspondsto adifferent estimator, with the estimators
listed in the order in which we discussed them in Section 3. All of the estimates
should beinterpreted as estimates of theimpact of trestment on thetreated, asdefined
in Section 3.2. The first row presents estimates from a linear probability model
(LPM) version of the BCG estimator, using the variablesin Set A as covariates.
The second row presents the same model but estimated as a probit. The impact
estimate is the marginal effect evaluated at the mean of the covariates, and so is
comparableto the estimate from the LPM and the other models.

The next six rows present various propensity score matching estimates. There
are three pairs of matching estimates. Each pair uses the same number of nearest
neighbours but variesthe set of conditioning variables. We consider estimates based
on one, two and five nearest neighbours. Within each pair, we present estimates
using scores that include only the variables in set A and scores that include the
variablesin setsA and B. Comparisons within each pair show the effect, if any, of
conditioning on aricher set of covariates— covariatesthat could not beincludedin
the regression-based models due to their correlation with the outcome equation
error term.
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Thefinal two rows present estimatesfrom model sthat attempt to take account
of selection on unobservablevariables, such asability or motivation. The penultimate
row inthetable presentstwo-stageleast squares estimates obtained using thevariables
inset C asinstrumentsfor training in aregression of employment onthevariablesin
set A plusthetraining indicator. The estimated standard errorsfor these estimates
take account of the additional variation induced by the estimation of thefirst stage;
afull set of estimatesfrom thefirst stage (including thefirst stage F-statistic) appear
inthe appendix. Thefinal row of Table 7 presents estimates from abivariate probit
model, using the variablesin set C as exclusion restrictions. The impact estimate
from the bivariate probit model isamarginal effect estimated at the mean of the
covariatesin the outcome equation.

Before turning to the estimates themsel ves, we briefly consider the support
condition for the matching estimates. Support problemsariseswhenthereareintervas
of the propensity score that have positive density for participants but zero or very
low density for the non-participants. A support problem meansthat thereareno (or
at least not very many) non-participants to utilize in constructing the estimated
counterfactual for the participants. We found no support issues for the matching
estimates of any training and of employer financed training for both men and women.
Minor support problemsarise at some higher values of the probability of participation
for government-financed training and self-financed training. Becausethefractions
of participantsin theseregionsare small, the support issueislikely of second-order
importancerelativeto the other concernswe discussin what follows.

The estimated impacts of any training presented in Table 7 revea several
important patterns. First, the estimates obtained from the linear probability model
(LPM), the probit (trand ated into amarginal effect for comparability) and matching
onthevariablesin set A (the samevariablesincluded inthe LPM and the probit) all
give about the same answer. Thisindicatesthat thelinear functional formrestriction
implicit in the LPM and the probit is not crucial here. Second, matching on the
variablesin set B, the variablesrelated to employment status and job characteristics
in 1997, reduces theimpact estimates by well over 50 percent. Thisillustratesthe
value of being able to condition on “endogenous’ variables in matching. The
variablesin set B clearly capture differences between trainees and non-trainees not
captured by the variablesin set A.

Third, theimpact estimatesfromthelV and bivariate probit are huge—far too
huge to be plausible given the magnitude of the treatment being evaluated, which
has amean of around 320 hoursaccording to Table 3. We consider the plausibility
of al of theestimatesin moredetail in our discussion of the earningsimpacts bel ow.
The bizarre values of the IV and bivariate normal estimates indicate that set C,
which contains the most promising candidates for valid instrumentsin the AETS
data from atheoretical standpoint does not in fact contain valid instruments. To
verify this, werepeated the analysisusing each variablein set C asasingleinstrument
in turn; doing so did not change the qualitative findings. We aso performed
“Hausman” testsof theinstruments. The basic procedure hereisto assumethat all
but one of the candidateinstrumentsare valid and test the remaining one conditional
ontheothers. Thisprocedureisthen repeated for each candidate instrument (or set
of instruments in the case of dummies for categories of a common variable).
Surprisingly, we could not reject the null hypothesis of valid instrumentsin every
case but one. Theweakness of thistest, of course, isthat it needsat |east some of the
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instrumentsto bevalid onestowork, and it isnot clear given our estimatesthat we
meet thisrequirement.

Fourth, and finally, the estimates for men and women are somewhat similar.

Tables 8A and 8B present asimilar set of impact estimates for each of the
threetypes of training: employer-financed, self-financed and government-financed.?
The estimators here are similar to those in Table 7, but with a few changes. To
estimate the effects of the three types of training in the BCG model, we simply
include indicatorsfor the threetrainingsinthe LPM and probit modelsin place of
thesingleindicator for any training used in Table 7. For the matching estimates, we
generate separate impact estimatesfor each training type using the traineeswith that
type of training asthe treatment group and those sample memberswith no training
of any type asthe comparison group. Wefollow the samestrategy for thelV estimates
as we do for the BCG estimates, by replacing the single training indicator with
separateindicatorsfor thethreetraining types. We can do this because set C contains
morethan threevariables; asiswell known, in order to satisfy therank condition, at
least one instrument is required for each endogenous variable. Finally, we do not
present any estimates by training type for the bivariate normal model; the
generalization of this model to multiple training types would require the joint
estimation of aprobit outcome equation and amultinomial probit model for training
participation with four alternatives, anumerical task which isbeyond the scope of
thisreport.

Turning to the estimates by type of financing, the picture becomes even more
interesting. The most obviousfinding in Tables 8A and 8B isthat the estimatesfor
any training in Table 7 disguise a substantial amount of heterogeneity by typein
termsof theimpact of training. In Tables8A and 8B, employer training hasapositive
impact, whichisquitelargewith most of the estimators, government-financed training
has modest to large negativeimpacts, and theimpact of self-financed training varies
in sign depending on the estimator in question for men while having small but
consistently positiveimpactsfor women.

Most of the other patterns observed in Table 7 carry over to Tables 8A and
8B. The matching estimates using the set A variables remain very similar to the
estimatesfrom the linear probability modelsand the probit model susing the same
covariates. Adding the set B variables again reduces the magnitude of the impact
estimates— even more substantially herethan in Table 7. For example, for men, the
impact estimates for employer training fall from around 12 percentage points to
around one percentage point when matching on variable sets A and B rather than
just variable set A. Once again, the theoretical advantage of matching, which allows
comparisons conditional on variables that would be endogenous in a regression
framework, has important practical consequences. As in Table 7, we obtain
implausible estimatesusing thelV estimator, which we again interpret asreflecting
poorly ontheavailableinstrumentsintheAETS. Thegeneral patternsin the estimates
remain similar for men and women.

In terms of substance, only the matching estimates using variable setsA and
B appear reasonable. Theothersareall too largein magnitudeto be plausiblegiven
the average duration of the training whose impact we seek to measure. Even with
matching onthe set A and B variables, we still obtain negativeimpact estimatesfor
government-financed training. While there is some experimental precedent for
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negative impacts from government training — as in the findings for male youth in
theU.S. National Job Training Partnership Act Study (NJS) documented by Bloom
et al. (1993), we hesitate to jump to the same conclusion for Canadian government-
financed training here, especially since positiveimpactswerefound inthe NJSfor
adults, which correspond more closely to the age group under consideration here.

4.2 Usual weekly earnings

Tables 9 for any training and 10A and 10B for training by type present estimated
impacts on usual weekly earnings.® These tables repeat the basic structure of
Tables 7, 8A and 8B in terms of the estimators presented with only a couple of
minor differences reflecting the change from a binary outcome variable to a
continuousone. First, instead of reporting alL. PM and aprobit for the BCG model,
we report asingle linear regression. Second, the bivariate normal estimator now
combinesaprobit participation equation with alinear outcome equation; the estimates
presented arefrom full information (joint) estimation of thismodel, rather than from
the traditional two-stage approach due to Heckman (1979). Given the avail ability
of the more efficient (i.e., smaller standard errors) full information version of the
model in widely used software packages, there is no reason to use the two-step
method. As in the preceding section, we do not report estimates of the bivariate
normal model for theindividual training types, the extension of the normal model to
the multiple treatment case as in Lee (1983) or Dubin and McFadden (1984) is
beyond the scope of thisreport.

Not surprisingly, the earningsimpactsin Table 9 for any training show much
the same patterns observed already for the employment impacts. Thisincludesthe
similarity of thelinear regression estimates and the matching estimates using the set
A variables, the steep decline in the matching estimates when conditioning on the
set A and set B variables compared to just the set A variables, the extreme
implausibility of theV and bivariate normal estimates, and the general similarity of
the estimates for men and women. These same patternsrecur again when we break
the training down by type of financing in Tables 10A and 10B. We also again
observe strong differencesby financing type, with large positive estimated earnings
impacts for employer training along with generally large negative estimates for
government-financed training. The one difference to the employment impactsis
that earningsimpactsfor self-financed training aretypically nearly as negative as
thosefor government-financed training.

4.3 Plausibility of the impact estimates

In the context of earnings asadependent variable, it issomewhat easier to consider
the plausibility of the estimated impacts. Consider two benchmarks. Thefirstisthe
literature on the earningsimpactsof ayear of formal schooling. Card (1999) provides
arecent summary of thisliterature. A typical valuefor the earningsimpact of ayear
of formal schooling from alog wage equation with some attempt to control for
ability biasisaround 8%. Now consider the mean earningslevelsof theindividuals
intheAETSdata. Asshownin Table 4, the overall mean for menisabout $500 per
week whilethe average for women is about $300 per week. The average duration
of ayear of formal schooling isabout 32 weeks; the average duration of trainingin
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the AETS as shown in Table 3 is about eight weeks (= 320 hours / 40 hours
per week). Thus, if the training measured in the AETS is about as effective as
formal schooling per hour, it should have an earningsimpact of about two percent
(=8/32* 0.08). For men, this correspondsto about $10 per week and for women it
corresponds to about $6 per week.

The second benchmark comesfrom arate of return calculation. The primary
cost of training islikely to beitsopportunity cost. For men, eight weeksof training
has arough opportunity cost of $4,000 (= $500 per week * eight weeks), whilefor
women it hasarough opportunity cost of $2,400 (= $300 per week * eight weeks).
Assumeafive percent annual rate of return and that the earningsimpacts of training
persist indefinitely. Then a$4,000 investment should yield animpact of about $200
per year or about $4 per week. Similarly, a$2,400 investment should yield animpact
of about $120 per year or about $2.50 per week.

Obvioudly, both these benchmarksarefairly crude. Asshownin Card (1999),
thereremains substantial disagreement about the earningsimpact of ayear of formal
schooling. The crude rate of return calculation ignores differences in opportunity
costsfor personstaking different typesof training (theseare clear fromthedifferences
in averageweekly earningsin Table4), aswell asthefact that individualswill tend
to take training when opportunity costs are transitorily low, whether due to slack
demand at a firm or due to unemployment at the individual level. Taking these
caveats into account, however, both benchmarks still strongly suggest the
implausibility of estimates exceeding $10 per week.

Themost plausibleestimatesin Tables9, 10A and 10B arethosefrom matching
on both variable setsA and B. A comparison of these estimatesto the benchmarks,
however, reveals that even their magnitudes are, with a couple of exceptions, far
too largeto be plausible. For example, in Table 9, these estimatesrange from $33 to
$45 for men and from $20 to $28 for women, depending on the number of
neighbours utilized in the nearest neighbour matching. Thisis five to ten times
larger than our benchmarks suggest as reasonabl e estimates.

4.4 Summary of the impact estimates

We can summarize our findings along two lines: variation in the estimates across
alternative econometric evaluation estimators and the substantive meaning and
plausibility of the estimates. In regard to the former, our findings suggest that we
lack valid instrumentsinthe AETS, with theresult that we obtain wildly implausible
estimatesusing thelV and bivariate normal estimators. Conditional on covariate set
A, wefind little difference between standard linear estimators and semi-parametric
matching estimates. The gain from matching comes when we match on set B
variables, which could not be included in the linear models due to endogeneity
concerns. Including the set B variables substantially reduces the magnitude of the
estimatesin all cases.

In terms of substance, only the matching estimates using both the set A and
set B variablescome closeto being plausiblewhen considered inlight of the evidence
from the literature on the earnings impact of ayear of formal schooling, or when
consideredintermsof standard rates of return on investment. Eventhere, they remain
many times larger than these external benchmarks suggest they should be. The
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exception isthe case of government-financed training, where the point estimates
arenegative and statistically significant in most cases. Theseresultsaretoo negative
evenrelativeto thelow standard set by theliterature.

Thus, our overarching conclusion from the empirical work isthat theAETS
requires some modification for use asatool to estimate impacts, in addition to its
primary role asatool for measuring theincidence and nature of adult education and
training. In acompanion paper, Hui and Smith (2003), we discussin detail proposed
changesin the survey to make it into amore effective tool for evaluation. Without
those changes, our findings suggest extreme caution in the generation and
interpretation of impact estimates from these data. In the following section, we
briefly summarize the primary themesin Hui and Smith (2003).
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5. Problems with the AETS for impact
evaluation

Hui and Smith (2003) provide a detailed catalogue of suggestions for improving
the usefulness of the AET Sfor thetask of estimating the labour market impacts of
adult education and training in Canada. In this section, we summarize their four
primary themes.

Thefirst themein Hui and Smith (2003) isageneral one. Better information
ontiming of training eventswould substantially improvethe AETS. At present, itis
impossible to know when a spell of training endsin relation to the survey date at
which outcomes are measured. With the present survey structure, this difference
could range from one month to 14 months. This makes adifference, both in terms
of interpreting the obtained impact measures and for attemptsto measure thetime
path of impacts. A related issue concernsthetiming of job spellsintheyear prior to
the survey. Better timing information here would allow the researcher to always
link spellsof training to particular jobs.

The remaining three themes all centre on providing data for particular
econometric eval uation methods. Thus, the second themein Hui and Smith (2003)
concerns the value of obtaining information on additional covariatesfor use with
estimators that assume selection on observables. Such variables could include
measures of family background (for example, parental education), more detailed
measures of past degree and certificate attainment, or ameasure of ability. Thethird
theme concernsthe val ue of obtaining repeated outcome measures (or at least one
outcome measure) prior to training, in order to allow the utilization of longitudinal
evaluation methods. Finally, the fourth theme concerns the value of having more
credibleinstrumentsassociated with theAET Sdata. These could includeinformation
from respondents on the nearest training centre or on subsidies available at their
firmfor training, or it could include matched information from external sourceson
variables such astuition at public collegesin each province. The potential value of
each of theselines of improvement inthe AETSisclear from the analysis presented
inthispaper.
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6. Conclusions

Our findingslead to anumber of important conclusions. First, the impact estimates
fromthe AETSexhibit extreme senditivity to the choice of non-experimental impact
estimator. Careful consideration of the plausibility of alternative econometric
evaluation methods is crucial in using these data to obtain estimated impacts of
adult education and training.

Second, our findings suggest the absence of aplausibleinstrument for training
among the variables availablein the 1998 AETS. Asaresult, we obtain extremely
large impact estimates when applying the IV and bivariate normal estimator —
estimatesfar too largein magnitudeto be believed.

Third, wefind that thereislittle difference in estimates obtained from semi-
parametric matching methods and traditional linear models such as regression or
probit when estimated using acommon set of covariates. The advantageto matching
inthisapplicationisthat it allows conditioning on variablesrel ated to employment
status and job characteristics in the previous year. Including such variablesin a
linear model would raise endogeneity concerns. Theinclusion of thesevariables—
denoted the set B variablesin our analysis— substantially reduces the magnitude of
the estimated impacts. Indeed, the only really plausible estimateswe produce come
from matching on the combined A and B covariate sets. These findings highlight
two methodol ogical pointsalready present in theliterature but often timesignored:
first, what you match on matters alot for the answer you get, and matching may
produce very poor estimates when applied with a covariate set for which the
conditional independence assumption that justifies matching failsto hold.

Fourth, even the most plausi ble of the estimates, those obtained by matching
on both variable sets A and B, where the latter includes variables measuring
employment status and job characteristics in the previous year, lack plausibility.
When compared to benchmarks based on estimates of the returnto ayear of formal
schooling or upon simplerate-of-return cal cul ations, these estimates appear at |east
fivetotentimestoolarge.

Finally, the overall conclusion from our study isthat the AETS as presently
constituted isnot avery good vehicleto usein eval uating theimpact of adult education
andtraining. Thisisperhapsnot surprising, asit wasdesigned to measuretheincidence
and variation in type of adult education and training. However, it is a fact worth
knowing. In our view, however, with modifications along the lines suggested in
Hui and Smith (2003), it could become such avehicle. Having adata set, whether
the AETS or some other, that could be readily used to eval uate the impacts of adult
education and training would be an asset to both policy and research in Canada.
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Tables

Table 1
1998 AETS total observations and sample restrictions

Men Women

Total number of observations 14,875 18,535

Full time students in 1998 855 1,107
Not full time students:

Age: 17-24 856 1,052

Age: 65 and over 2,416 3,958

Analysis sample 10,748 12,418

Notes: Statistics shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.

Table 2
Summary statistics on training incidence

Men Women
Percentages

Program participation
Employer-financed programs 3.08 (0.23) 2.07  (0.17)
Government-financed programs 0.84 (0.14) 1.21 (0.15)
Self-financed programs 2.87 (0.25) 4.61 (0.29)
Any training programs 6.83  (0.36) 7.91 (0.36)
Course participation
Employer-financed courses 17.07  (0.51) 15.52  (0.47)
Government-financed courses 1.31 (0.19) 1.28 (0.14)
Self-financed courses 3.79  (0.26) 6.78 (0.35)
Any training courses 21.90 (0.57) 22.93 (0.55)
Any training participation
Employer-financed training 19.39  (0.53) 17.00 (0.48)
Government-financed training 2.11 (0.23) 2.40 (0.20)
Self-financed training 6.38 (0.35) 10.81  (0.43)
Any training 27.07  (0.62) 28.76  (0.60)

Notes: Estimated standard errorsin parentheses. The sample sizesare 10,748 and 12,418 for men and women, respectively.
Statistics shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table 3
Summary statistics on total training time in hours

Quartiles

Mean 1st-quartile Median 3rd-quartile
Any training
Men
Employer-financed training 69.1 12 24 48
Government-financed training 591.5 90 425 1,026
Self-financed training 526.2 32 304 960
Any training 320.7 16 48 425
Women
Employer-financed training 57.7 8 18 42
Government-financed training 605.3 99 480 1,000
Self-financed training 443.4 24 180 745
Any training 314.7 12 50 450
Training programs
Men
Employer-financed training 252.5 40 90 240
Government-financed training 770.4 320 736 1,170
Self-financed training 730.6 225 600 1,120
Any training 676.1 156 480 1,080
Women
Employer-financed training 219.2 39 96 280
Government-financed training 783.5 352 720 1,200
Self-financed training 646.4 180 496 990
Any training 624.6 150 480 960
Training courses
Men
Employer-financed training 34.9 10 18 38
Government-financed training 75.3 6 19 50
Self-financed training 66.9 6 18 40
Any training 45.6 7 18 42
Women
Employer-financed training 34.7 6 18 30
Government-financed training 117.8 10 30 112
Self-financed training 62.7 6 16 35
Any training 50.6 6 18 36

Notes: Statisticsuselower boundsfor spellsin progress at the time of the AET Sinterview and for top-coded spells. Seethe discussioninthe
text. The sampleincludesrespondentsin the sasmple defined in Table 1 with positive reported training time.

Statistics shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.

Table 4
Summary statistics for outcome variables used in the analysis

Mean weekly earnings ($) Employment (%)
Men Women Men Women
Overall 477.54  (6.63) 302.84 (4.73) 80.01 (0.55) 67.32 (0.60)
Not in any training 413.91  (7.38) 236.25 (5.16) 76.07 (0.68) 60.00 (0.74)
In any training 648.96 (13.28) 467.83  (9.35) 90.62 (0.82) 85.46 (0.84)
Employer-financed training 748.02 (14.68) 582.70 (10.35) 96.31 (0.49) 96.58 (0.52)
Government-financed training 331.63 (51.10) 186.13 (23.74) 61.26 (5.52) 48.84 (4.23)
Self-financed training 448.53 (23.39) 367.75 (16.81) 83.44 (2.10) 77.36  (1.62)

Notes: Estimated standard errors appear in parentheses. Outcomes are measured in March 1998 for respondents in Quebec and in January
1998 for all other respondents. Training referstotraining in calendar year 1997.

Statistics shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table 5
Personal and job characteristics

Men Women
Province
Newfoundland 1.91 (0.10) 1.89 (0.09)
Prince Edward Island 0.44  (0.03) 0.44 (0.02)
Nova Scotia 2.99 (0.13) 3.13  (0.13)
New Brunswick 2.51 (0.11) 2.53 (0.10)
Quebec 24.91  (0.62) 24.92  (0.58)
Ontario 38.12  (0.72) 38.29 (0.68)
Manitoba 3.51  (0.15) 3.47  (0.14)
Saskatchewan 2.96 (0.13) 2.97 (0.12)
Alberta 9.49  (0.36) 9.20 (0.33)
British Columbia 13.16  (0.46) 13.16  (0.43)
Regions
Census metro area 66.01  (0.58) 64.96  (0.56)
Toronto/Vancouver/Montréal 35.06 (0.77) 35.54 (0.72)
Urban centre 7.25 (0.27) 7.98 (0.29)
Rural area 16.07  (0.40) 15.96  (0.38)
Age group
25 to 34 27.55 (0.64) 27.22  (0.59)
35 to 44 31.52  (0.63) 31.50 (0.60)
45 to 54 2492  (0.60) 24.87 (0.58)
55 to 64 16.01  (0.50) 16.41  (0.49)
Age (years) 42.40 (0.15) 42.50 (0.14)
Age squared 1,907.22 (12.82) 1,917.11  (12.23)
Level of education
Some secondary 13.82  (0.48) 13.00 (0.40)
Grade 11-13 graduate 18.79  (0.56) 21.75 (0.56)
Some post-secondary 7.38 (0.36) 8.19 (0.3H)
Post-secondary certificate or diploma 32.49 (0.63) 32.75 (0.61)
Bachelor, Master or PhD 20.11  (0.58) 17.10  (0.51)
Presence of spouse 72.09 (0.64) 71.68 (0.57)
Spouse’s level of education
Some secondary 9.25 (0.39) 9.70 (0.36)
Grade 11-13 graduate 16.73  (0.52) 13.45  (0.46)
Some post-secondary 6.05 (0.33) 476  (0.27)
Post-secondary certificate or diploma 23.93 (0.58) 2417  (0.56)
Bachelor, Master or PhD 39.84 (0.69) 42.18  (0.65)
Number of children (age below 18)
1 child 17.83  (0.53) 19.37  (0.53)
2 or more children 31.87 (0.66) 34.95 (0.63)
Number of preschool children
1 pre-school child 11.86  (0.43) 13.24  (0.43)
2 or more pre-school children 6.00 (0.32) 6.22  (0.31)
Spouse and children interactions
Presence of spouse and children 47.59  (0.70) 45.41  (0.66)
Presence of spouse and 2 or more children 31.10  (0.65) 30.56 (0.62)
Presence of spouse and preschool children 17.64  (0.52) 17.16  (0.49)
Other personal characteristics
Born foreign 19.68 (0.65) 20.55 (0.64)
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Table 5
Personal and job characteristics (concluded)

Men Women
Job characteristics
Employed in 97 87.11  (0.47) 73.50 (0.57)
Full time worker in 97 72.85 (0.61) 45.66  (0.66)
Professional, managerial or administrative occupation 28.30 (0.63) 30.41  (0.61)
Blue collar occupation 38.43 (0.67) 8.35 (0.42)
Union member 26.35 (0.60) 21.63  (0.54)
Firm size: less than 20 29.43  (0.62) 23.59  (0.54)
20 - 99 13.00 (0.49) 9.93 (0.39)
100 - 199 5.59 (0.32) 4.41  (0.28)
200 - 499 6.21  (0.34) 5.91  (0.32)
500 or over 31.18 (0.65) 27.71  (0.60)
Missing indicators
Missing place of birth 0.52 (0.12) 0.37 (0.09)
Missing union status 0.11 (0.03) . (0.02)
Missing firm size 1.58 (0.18) 1.81 (0.19)
Missing occupation 0.46 (0.13) 0.08 (0.03)

Notes: Estimated standard errorsappear in parentheses. Unitsare percentagesfor binary variables and meansfor continuous variables.
Statistics shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.

Table 6

Definitions of instruments and conditioning sets

List of Set A variables

Dummies for provinces and regions of residence
Newfoundland
Nova Scotia
Quebec
Saskatchewan
British Columbia
Census metro area
Urban centres

Prince Edward Island
New Brunswick
Manitoba

Alberta

Toronto/Montréal/Vancouver
Rural area

Personal characteristics
Age
Some secondary
Some post-secondary
Bachelor/Master/PhD
Foreign born

Age squared
Grade 11-13
Post-secondary certificates of diploma

Missing place of birth

List of Set B variables

Characteristics of the job in 1997
Employment status in 1997
Union member
Firm size: 20-99
Firm size: 200-499
Firm size: 100-199
Firm size: 500 or over
Missing occupation information

Full-time working in 97

Blue collar occupation

Professional, managerial or
adminstrative occupation

Missing union information
Missing firm size information

List of Set C variables

Family characteristics
Presence of spouse
Spouse: Some secondary education
Spouse: Some post-secondary
Spouse: Bachelor/Master/PhD
1 child
1 child and spouse present
1 preschool child
Preschool children and spouse present

Spouse: Grade 11-13
Spouse: Post-secondary certificate
or diploma
2 or more children
2 or more children and spouse present
2 or more preschool children
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Table 7
Estimated impacts of any training on employment

Impacts on employment (%)

Men Women
Any training Any training

Linear probability model 7.82 (1.04) *** 15.91  (1.23) ***
Probit marginal effect 9.15 (1.18) **~ 18.60 (1.38) ***
Nearest neighbour matching (Set A)

1101 7.89 (0.97) *** 17.06 (1.08) **~

1102 7.72 (0.81) *** 16.77 (0.91) **~

1to5 9.01 (0.71) *** 16.63 (0.78) ***
Nearest neighbour matching (Sets A and B)

1101 2.66 (0.89) *** 2.59 (0.96) ***

1102 2.99 (0.78) *** 2.78 (0.87) ***

1to5 2.49 (0.70) *** 2.87 (0.80) ***
Instrumental variable 65.56 (12.74) *** 163.06 (34.59) **~
Bivariate probit marginal effect 66.53 (0.29) **~ 69.04 (0.23)

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percentlevel, and “***” at the one percent level. Theimpact estimatesarefor training received in calendar year 1997. Respondents
whosetraining wasin progress at the time of the AET Sinterview are not included in the estimation. The sample sizesare 10,469 for
men and 11,938 for women. Employment is measured in March 1998 for respondents in Quebec and in January 1998 for all other
respondents. The linear probability model includes covariate sets A and C. Propensity scores for the nearest neighbour matching
estimator include either covariate set A or covariate setsA and B. Theinstrumental variable and bivariate probit models condition on
covariate set A and use covariate set C asinstruments.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.

Table 8A
Estimated impacts of any training on employment by type — men

Impacts on employment (%)

Employer-financed Government-financed Self-financed

Linear probability model 12.49 (0.81) *** -16.14 (5.12) *** -0.35 (2.48)
Probit marginal effect 31.28 (1.07) *** -19.30 (4.60) *** 430 (2.24) *
Nearest neighbour matching (Set A)

1to1 11.49 (0.98) *** -18.00 (4.38) *** -3.61  (2.30)

1t02 12.15 (0.80) *** -17.75 (3.98) *** -3.61  (2.04) *

1to5 12.79 (0.67) *** -14.3 (3.70) *** -1.45  (1.91)
Nearest neighbour matching (Sets A and B)

1to1 0.94 (0.73) -5.50 (4.73) 2.61 (2.48)

1t02 0.52 (0.62) -3.75 (4.35) 1.81  (2.11)

1to5 1.00 (0.57) * -1.4 (3.95) 317 (1.89) *
Instrumental variable 70.61 (16.65) *** -40.98 (141.07) -132.70 (54.02) **

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level. Theimpact estimatesarefor training received in calendar year 1997. Respondents
whose training was in progress at the time of the AETS interview are not included in the estimation. The sample sizesfor the linear
probability model and thelV modelsare 10,469. The sample sizesfor the nearest neighbour matching are 10,611, 10,720 and 10,631
for employer-financed, government-financed and self-financed training, respectively. Employment is measured in March 1998 for
respondentsin Quebec and in January 1998 for all other respondents. The linear probability model includes covariate setsA and C.
Propensity scores for the nearest neighbour matching estimator include either covariate set A or covariate sets A and B. The
instrumental variable and bivariate probit models condition on covariate set A and use covariate set C asinstruments.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table 8B
Estimated impacts of any training on employment by type —women

Impacts on employment (%)

Employer-financed Government-financed Self-financed

Linear probability model 25.24 (0.98) **~ -17.91 (4.33) *** 4.09 (1.96) **
Probit marginal effect 30.76 (1.17) *** -20.32 (5.16) *** 3.57 (2.24)
Nearest neighbour matching (Set A)

1101 26.29 (1.15) *** -24.33 (4.10) *** 1.13  (2.00)

1t02 25.92 (0.89) *** -23.95 (3.71) *** 1.65 (1.77)

1to5 27.29 (0.67) *** -22.74 (3.36) *** 1.79  (1.59)
Nearest neighbour matching (Sets A and B)

1t01 2.77 (0.72) *** -6.84 (4.35) 3.40 (2.02) *

1t02 2.90 (0.61) *** -4.75 (3.93) 3.76  (1.81) **

1to5 3.20 (0.53) *** -6.62 (3.60) * 3.21  (1.61) **
Instrumental variable 188.60 (64.36) *** -72.77  (110.33) 156.43 (106.65)

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percentlevel, and “***” at the one percent level. Theimpact estimatesarefor training received in calendar year 1997. Respondents
whose training was in progress at the time of the AETS interview are not included in the estimation. The sample sizesfor the linear
probability and 1V models are 11,938. The sample sizes for the nearest neighbour matching are 12,255, 12,370 and 12,145 for
employer-financed, government-financed and self-financed training, respectively. Employment is measured in March 1998 for
respondentsin Quebec and in January 1998 for all other respondents. The linear probability model includes covariate setsA and C.
Propensity scores for the nearest neighbour matching estimator include either covariate set A or covariate sets A and B. The
instrumental variable and bivariate probit models condition on covariate set A and use covariate set C asinstruments.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.

Table 9
Estimated impacts of any training on usual weekly earnings

Impacts on weekly earnings ($)

Men Women
Any training Any training

Linear model 172.8 (15.8) **~ 158.9 (11.4) **~
Nearest neighbour matching (Set A)

1101 1721 (12.5) *** 154.8 (8.84) **~

1102 161.6 (11.1) **= 153.2 (7.9) ***

1105 162.6 (10.1) *** 151.6 (7.2) ***
Nearest neighbour matching (Sets A and B)

1101 33.4 (12.9) **~* 28.1 (9.1) **~

1102 45.2 (11.5) *** 20.4 (8.5) **~

1105 44.5 (10.6) **~ 22.0 (7.9) ***
Instrumental variable 1,086.5 (188.4) *** 909.5 (205.3) ***
Bivariate normal model 407.2 (90.40) *** 204.4 (18.50) ***

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level. Theimpact estimatesarefor training received in calendar year 1997. Respondents
whosetraining wasin progress at the time of the AET Sinterview are not included in the estimation. The sample sizesare 10,469 for
men and 11,938 for women. Usual weekly earnings are measured in March 1998 for respondentsin Quebec and in January 1998 for
all other respondents. The linear probability model includes covariate sets A and C. Propensity scores for the nearest neighbour
matching estimator include either covariate set A or covariate setsA and B. The instrumental variable and bivariate normal models
condition on covariate set A and use covariate set C asinstruments.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table 10A
Estimated impacts of any training on usual weekly earnings by type —men

Impacts on weekly earnings ($)

Employer-financed Government-financed Self-financed
Linear model 256.6  (17.1) *** -122.4 (50.5) ** -60.5 (28.4) **
Nearest neighbour matching (Set A)
1to1 251.5 (14.4) **~ -106.7 (41.2) **~ -94.9  (27.5) ***
1to2 248.3  (12.4) *** -113.3 (34.9) ** -99.5  (24.2) ***
1t05 243.4  (11.2) *** -104.7 (30.9) *** -88.0  (21.6) ***
Nearest neighbour matching (Sets A and B)
1to1 59.4  (14.2) *** -6.3 (39.8) -50.1  (27.3) *
1102 50.2 (12.9) *** -20.3 (35.4) -82.8  (23.8) ***
1t05 60.6  (11.8) *** 16.2 (31.7) 743 (21.1) **x
Instrumental variable 1,162.5 (203.6) *** 720.1 (1,736.9) -969.6 (646.0)
Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level. Theimpact estimatesarefor training received in calendar year 1997. Respondents
whose training was in progress at the time of the AETSinterview are not included in the estimation. The sample sizesfor the linear
probability model and thelV modelsare 10,469. The sample sizesfor the nearest neighbour matching are 10,611, 10,720 and 10,631
for employer-financed, government-financed and self-financed training, respectively. Usual weekly earnings are measured in March
1998 for respondentsin Quebec and in January 1998 for all other respondents. Thelinear probability model includes covariate setsA
and C. Propensity scoresfor the nearest neighbour matching estimator include either covariate set A or covariate setsA and B. The
instrumental variable model conditions on covariate set A and uses covariate set C asinstruments.
Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
Table 10B

Estimated impacts of any training on usual weekly earnings by type —women

Impacts on weekly earnings ($)

Employer-financed Government-financed Self-financed

Linear model 256.2  (11.9) *** -93.0 (23.3) *** 15.1  (19.2)
Nearest neighbour matching (Set A)

1to1 261.9  (10.5) *** -139.4 (25.4) *** -33.8  (15.8) **

1to2 248.7 (9.4) *** -116.1 (21.3) *** -17.8  (13.8)

1t05 253.3 (8.4) *** -116.4 (19.3) *** -17.5  (12.5)
Nearest neighbour matching (Sets A and B)

1to1 40.6  (10.8) **~ -19.5 (23.9) 3.0 (15.3)

1to2 47.2  (10.0) *** -31.4 (22.1) -4.9  (13.8)

1to5 48.4 (9.3) *** -37.3 (20.0) * -18.7  (12.7)
Instrumental variable 1,112.1  (391.0) **~ -666.9 (681.5) 1,035.2 (679.1)
Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive

percentlevel, and “***” at the one percent level. Theimpact estimatesarefor training received in calendar year 1997. Respondents
whose training was in progress at the time of the AETSinterview are not included in the estimation. The sample sizesfor thelinear
probability model and thelV modelsare 11,938. The sample sizesfor the nearest neighbour matching are 12,255, 12,370 and 12,145
for employer-financed, government-financed and self-financed training, respectively. Usual weekly earnings are measured in March
1998 for respondentsin Quebec and in January 1998 for all other respondents. Thelinear probability model includes covariate setsA
and C. Propensity scoresfor the nearest neighbour matching estimator include either covariate set A or covariate setsA and B. The
instrumental variable model conditions on covariate set A and uses covariate set C asinstruments.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Endnotes

1 These issues are documented in, for example, Barron, Berger and Black (1997).

2 See Heckman, LalLonde and Smith (1999) and Angrist and Krueger (1999) for recent
summaries.

3 The data from March 1998 consists solely of respondents residing in Quebec. The survey
could not take place in January in Quebec due to an ice storm.

4 Response rate for the five rotation groups used for the AETS.

5 See Heckman, Smith and Clements (1997) and Heckman and Smith (1998) for extended
discussions of heterogeneous treatment effects. For an important early discussion, see
Bjorklund and Moffitt (1987).

6 See Heckman, Ichimura and Todd (1997, 1998) for further discussion.

7 See the discussion in Heckman, Ichimura, Smith and Todd (1998).

8 Estimates for the other parameters are presented in Table A.3.

9 Estimates for other parameters are presented in Table A.4 to A.6.
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Appendix tables

Table A1
Complete estimates for linear probability, probit and IV models in Table 7
Estimated coefficients (x100) and probit marginal effects (x100)

LPM Probit '}
Men Women Men Women Men Women

Newfoundland -23.52 (2.59) *** -15.80 (2.52) *** -26.12 (3.15) *** -17.45 (2.95) *** -17.29 (3.28) *** -117 (5.15)
Prince Edward Island -12.55 (3.06) *** -5.07 (2.82) * -13.61 (3.44) *** -528 (3.20) * -7.88  (3.60) ** 567 (5.02)
Nova Scotia -7.42 (1.99) *** -6.05 (2.05) *** -8.42 (2.35) *** -6.92 (2.41) *** -752 (2.44) *** -091 (3.70)
New Brunswick -11.35 (2.11) *** -10.46 (2.10) *** -12.46 (2.49) *** -11.95 (2.46) *** -6.85 (2.60) *** -0.71 (4.11)
Quebec -5.27 (1.50) *** -2.89 (1.63) * -6.01 (1.70) *** -3.36 (1.87) * 139 (2.32) 17.38  (5.43) ***
Manitoba 7.03 (1.59) *** 279 (1.99) 719 (1.47) *** 295 (2.20) 8.28 (2.04) *** 351 (3.59)
Saskatchewan 481 (1.74) *** 460 (1.91) ** 478 (1.72) *** 518 (2.14) ** 560 (2.27) *** 461 (3.54)
Alberta 533 (1.49) *** 454 (1.86) ** 6.06 (1.57) *** 511 (2.08) ** 736 (2.09) *** 517 (3.34)
British Columbia -6.19 (1.77) *** -462 (1.95) ** -7.01 (2.14) *** -548 (2.31) ** -597 (2.13) *** -588 (3.56) *
Census metro area -1.24  (1.39) 0.91 (1.58) -1.45  (1.42) 0.94 (1.75) -2.03  (1.78) 122 (2.64)
Toronto/Montréal/Vancouver 401 (1.44) *** 471 (1.60) *** 435 (1.51) *** 551 (1.79) *** 718 (1.94) *** 285 (2.94)
Urban centres -1.56  (1.98) 1.91 (1.99) -1.62  (2.05) 2.09 (2.16) -2.80 (2.31) -1.22  (3.51)
Rural area -2.67 (1.58) * -1.56 (1.70) -294 (1.63) * -1.80 (1.88) -3.03 (1.83) * -0.18  (2.83)
Age 560 (0.46) *** 5.00 (0.44) *** 477 (0.46) *** 520 (0.51) *** 494 (0.66) *** 2.84 (1.08) ***
Age squared -0.07 (0.01) *** -0.06 (0.01) *** -0.06 (0.01) *** -0.07 (0.01) *** -0.06 (0.01) *** -0.03 (0.01) ***
Some secondary 13.08 (2.93) *** 3.75 (2.94) 8.76 (2.66) ***  3.15 (3.04) 1412 (3.13) ***  6.43 (3.75) *
Grade 11-13 8.71 (2.16) *** 13.03 (2.09) *** 8.38 (2.32) *** 12.66 (2.19) *** 496 (2.61) * -0.26  (4.34)
Some post-secondary -1.82  (2.28) 3.44 (2.53) -1.79  (2.36) 3.15 (2.70) -7.29  (3.19) ** -5.74  (4.99)
Post-secondary certificate

or diploma 2.80 (2.07) 520 (2.33) ** 3.04 (2.18) 6.17 (2.55) *** 227 (2.71) -4.84  (4.90)
Bachelor/Master/PhD 6.16 (1.22) *** 3.91 (1.55) ** 740 (1.39) *** 576 (2.03) *** -0.85 (2.39) -15.51  (5.64) ***
Foreign born -2.22  (1.61) -7.06 (1.83) *** -3.25 (1.86) * -8.54 (2.12) *** -0.15 (2.07) 6.31 (4.78)
Missing place of birth -27.03 (10.40) *** 470 (5.86) -33.35 (11.08) ***  7.51 (7.53) -31.12 (11.65) *** 15.22 (18.12)
Any training 7.82 (1.04) *** 1591 (1.23) *** 915 (1.18) *** 18.60 (1.38) *** 65.56 (12.74) *** 163.06 (34.59) ***
Constant -40.24 (9.69) *** -45.30 (9.29) *** -42.23 (12.07) *** -3513 (17.80) **
Observations 10,469 11,938 10,469 11,938 10,469 11,938
Log-likelihood -4414.4 -6541
R-squared 0.17 0.17
Observed probability (at mean) 0.80 0.67
Predicted probability (at mean) 0.83 0.69

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table A2
Complete estimates for bivariate probit model in Table 7
Estimated probit marginal effects (x100)

Bi-probit
Employment Training incidence
Men Women Men Women

Newfoundland -0.46 (0.09) *** -0.29 (0.07) *x** -0.37 (0.09) *** -0.35 (0.08) ***
Prince Edward Island -0.23 (0.10) ** -0.04 (0.08) -0.25 (0.10) ** -0.23 (0.09) ***
Nova Scotia -0.23 (0.07) *** -0.12 (0.06) ** 0.02 (0.07) -0.10 (0.07)
New Brunswick -0.21 (0.07) *** -0.20 (0.06) *** -0.22 (0.07) *** -0.20 (0.07) ***
Quebec 0.01 (0.06) 0.08 (0.06) -0.38 (0.06) *** -0.45 (0.06) ***
Manitoba 0.30 (0.07) *** 0.08 (0.06) -0.06 (0.07) -0.01 (0.07)
Saskatchewan 0.18 (0.07) ** 0.13 (0.06) ** -0.06 (0.07) 0.02 (0.06)
Alberta 0.26 (0.07) *** 0.13 (0.06) ** -0.11 (0.06) * -0.02 (0.06)
British Columbia -0.20 (0.07) *** -0.14 (0.06) ** 0.01 (0.06) 0.01 (0.06)
Census metro area -0.07 (0.05) 0.03 (0.05) 0.05 (0.05) -0.01 (0.05)
Toronto/Montréal/Vancouver 0.23 (0.06) *** 0.12 (0.05) ** -0.15 (0.06) ** 0.04 (0.06)
Urban centres -0.08 (0.07) 0.03 (0.06) 0.05 (0.07) 0.08 (0.07)
Rural area -0.10 (0.05) * -0.03 (0.05) 0.01 (0.06) -0.01 (0.06)
Age 0.14 (0.02) *** 0.11 (0.02) *** 0.00 (0.02) 0.05 (0.02) ***
Age squared 0.00 (0.00) *** 0.00 0.00 *** 0.00 (0.00) 0.00 (0.00) ***
Some secondary 0.31 (0.08) *** 0.12 (0.08) -0.05 (0.11) 0.12 (0.15)
Grade 11-13 0.13 (0.08) * 0.20 (0.06) *** 0.26 (0.07) *** 0.45 (0.07) ***
Some post-secondary -0.21 (0.09) ** 0.00 (0.08) 0.28 (0.08) *** 017 (0.08) **
Post-secondary certificate or diploma 0.07 (0.08) 0.07 (0.07) 0.03 (0.08) 0.22 (0.07) ***
Bachelor/Master/PhD 0.07 (0.07) -0.01 (0.06) 0.30 (0.06) *** 0.33 (0.06) ***
Foreign born -0.04 (0.06) -0.09 (0.06) -0.16 (0.06) ** -0.30 (0.06) ***
Missing place of birth -0.85 (0.27) *** 0.27 (0.27) 0.21 (0.30) -0.18 (0.33)
Spouse present 0.44 (0.07) *** 0.07 (0.07)
Spouse — Some secondary 0.08 (0.16) 0.19 (0.11) *
Spouse - 11-13 0.13 (0.08) * 0.02 (0.08)
Spouse — Some post-secondary 0.03 (0.08) -0.01 (0.10)
Spouse — Post-secondary certificate

or diploma -0.01 (0.08) 0.06 (0.09)
Spouse — Bachelors or more 0.15 (0.06) ** 0.02 (0.06)
1 child 0.13 (0.11) -0.04 (0.09)
2 or more children 0.20 (0.19) -0.08 (0.10)
1 child with spouse -0.04 (0.13) -0.03 (0.11)
2 or more children with spouse -0.14 (0.20) 0.05 (0.12)
1 preschool child -0.22 (0.24) -0.32 (0.11) ***
2 or more preschool children -0.16 (0.08) * -0.27 (0.08) ***
Preschool children with spouse 0.09 (0.24) 0.13 (0.12)
Any training 1.67 (0.09) *** 1.64 (-0.12) ***
Constant -2.53 (0.38) *** -2.38 (0.32) *** -1.29 (0.42) *** -2.20 (0.39) ***
Observations 11,469 11,938
Log-likelihood -7207403 -8007787.8
Rho -0.85 -0.71
Pr(Rho=0) 0.00 0.00

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table A3
Complete estimates for linear probability, probit and IV models in Tables 8A and 8B
Estimated coefficients (x100) and probit marginal effects (x100)

LPM Probit '}
Men Women Men Women Men Women

Newfoundland -23.00 (2.58) *** -15.25 (2.53) *** -2512 (3.17) *** -16.66 (3.02) *** -18.71 (3.82) ***  2.02 (6.44)
Prince Edward Island -11.75 (3.05) *** -4.99 (2.81) * -11.98 (3.35) *** -5.14 (3.23) -5.33  (4.37) 6.03 (5.53)
Nova Scotia -7.67 (1.99) *** -583 (2.05) *** -8.85 (2.41) *** -6.77 (2.46) *** -6.75 (3.56) * 2.58 (4.84)
New Brunswick -10.89 (2.10) *** -10.08 (2.07) *** -11.41 (2.45) *** -11.44 (2.50) *** -7.30 (3.25) ** 261 (4.75)
Quebec -514  (1.48) ***  -2.47 (1.62) -5.68 (1.64) *** -2.94 (1.85) -0.42  (3.54) 21.23  (5.92) ***
Manitoba 6.95 (1.59) *** 3.20 (1.98) 6.85 (1.40) ***  3.64 (2.14) * 9.92 (3.51) *** 518 (4.65)
Saskatchewan 447 (1.73) *** 470 (1.88) ** 439 (1.68) *** 554 (2.07) *** 281 (3.12) 7.04 (4.26) *
Alberta 520 (1.49) *** 459 (1.84) ** 568 (1.52) *** 5.09 (2.05) ** 6.48 (2.72) ** 6.73 (3.74) *
British Columbia -5.96 (1.75) *** -414 (1.93) ** -6.56 (2.07) *** -490 (2.29) ** -145 (3.08) -3.47  (4.02)
Census metro area -1.05 (1.38) 0.92 (1.57) -1.10  (1.38) 1.03 (1.76) -0.10  (2.18) 198 (3.12)
Toronto/Montréal/Vancouver 420 (1.42) *** 459 (1.59) *** 450 (1.42) *** 556 (1.77) *** 6.14 (2.41) ** 246 (3.30)
Urban centres -1.33 (1.97) 2.41 (2.00) -1.42  (2.00) 2.62 (2.15) 0.89 (2.95) 225 (4.31)
Rural area -2.57 (1.58) -1.63 (1.69) -2.80 (1.60) * -1.90 (1.90) -2.57  (2.28) 0.73 (3.61)
Age 535 (0.45) *** 4.69 (0.44) *** 428 (043) *** 471 (0.49) *** 225 (1.06) ** 1.66 (1.85)
Age squared -0.07 (0.01) *** -0.06 (0.01) *** -0.06 (0.00) *** -0.06 (0.01) *** -0.04 (0.01) *** -0.02 (0.02)
Some secondary 1319 (2.92) *** 416 (2.92) 8.53 (2.60) ***  3.49 (2.97) 1317  (3.70) ***  8.62 (3.88) **
Grade 11-13 811 (2.11) *** 1252 (2.06) *** 7.34 (2.16) *** 11.54 (2.15) *** 287 (2.98) -2.70  (4.80)
Some post-secondary -1.75  (2.24) 3.71 (2.44) -1.69  (2.26) 3.61 (2.62) -0.57 (3.74) -4.26  (5.08)
Post-secondary certificate

or diploma 2.72 (2.03) 497 (2.25) ** 2.94 (2.09) 575 (2.48) ** 0.33 (3.08) -8.10  (5.77)
Bachelor/Master/PhD 6.03 (1.21) *** 298 (1.55) * 720 (1.34) *** 457 (2.08) ** 785 (3.90) ** -22.07 (6.86) ***
Foreign born -2.09 (1.59) -5.90 (1.79) *** -3.09 (1.78) * -7.00 (2.06) *** 137 (2.67) 12.05 (6.29) *
Missing place of birth -25.29 (10.66) ** 412 (6.08) -31.70 (12.11) ***  6.85 (7.58) -32.17 (14.33) **  12.08 (21.08)
Employer-financed training 12.49 (0.81) *** 2524 (0.98) *** 1531 (0.89) *** 31.28 (1.07) *** 70.61 (16.65) *** 188.60 (64.36) ***
Government-financed training  -16.14  (5.12) *** -17.91 (4.33) *** -17.43 (5.75) *** -19.30 (4.60) *** -40.98 (141.07) -72.77 (110.33)
Self-financed training -0.35 (2.48) 409 (1.96) ** -144 (2.71) 430 (2.24) * -132.70 (54.02) ** 156.43 (106.65)
Constant -34.74  (9.49) *** -38.30 (9.13) *** 29.19 (21.13) -8.40 (34.75)
Observations 10,469 11,938 10,469 11,938 10,469 11,938
Log-likelihood -4317.1506 -6314.386
R-squared 0.18 0.19
Observed probability 0.80 0.67
Predicted probability (at mean) 0.84 0.71

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table A4
Complete estimates for linear and IV models in Table 9
Estimated coefficients (x100)

Linear model Instrumental variables

Men Women Men Women
Newfoundland -194.2 (22.9) *** -108.6  (12.3) *** -95.6 (36.2) *** -33.9  (27.8)
Prince Edward Island -185.1 (22.7) *** -39.9  (15.8) ** -111.2 (38.0) *** 149  (27.2)
Nova Scotia -125.4 (19.5) *** -70.5  (12.9) *** -127.1 (29.8) *** -443  (20.5) **
New Brunswick -90.2 (19.7) *** -53.4  (13.1) *** -19.0 (30.2) -3.7  (23.4)
Quebec -65.8 (18.2) *** -52.8  (12.1) *** 39.5 (30.8) 50.6  (32.0)
Manitoba -45.9 (19.3) ** -585  (12.2) *** -26.2 (28.4) -54.8  (19.6) ***
Saskatchewan -97.1 (19.7) *** -51.6  (12.3) *** -84.5 (28.2) *** -51.6  (20.0) ***
Alberta -31.6 (20.7) -35.7  (12.9) *** 0.6 (29.0) -325 (194) *
British Columbia -55.9 (21.2) *** -40.5  (15.2) *** -52.3 (28.0) * -47.0  (21.0) **
Census metro area 46.8 (16.1) *** 284  (10.6) *** 34.4 (22.1) 30.0 (15.4) *
Toronto/Montréal/Vancouver -1.4 (19.1) 60.8  (12.8) *** 48.8 (27.3) * 513  (17.6) ***
Urban centres -4.8 (21.1) 120  (13.5) -24.4 (29.1) -4.0  (20.6)
Rural area -91.9 (16.3) *** -48.4  (10.5) *** -97.5 (22.1) *** -41.4  (16.0) ***
Age 63.0 (4.5) *** 34.2 (3.2) *** 52.5 (6.6) *** 23.2 (5.8) ***
Age squared -0.7 (0.1) *=** -0.4 (0.0) *** -0.6 0.1) *** -0.3 (0.1) ***
Some secondary 81.2 (20.2) *** -04  (12.9) 97.7 (27.5) *** 13.3  (17.6)
Grade 11-13 72.4 (19.2) *** 704 (10.9) *** 13.1 (28.3) 26 (24.4)
Some post-secondary -14.8 (26.6) 149  (15.4) -101.3 (39.4) ** -31.9  (27.4)
Post-secondary certificate or diploma 64.7 (25.0) *** 494  (15.6) *** 56.3 (33.6) * -1.8  (27.8)
Bachelor/Master/PhD 118.2 (21.4) **= 1546  (16.8) **~ 7.3 (33.3) 55,5  (35.0)
Foreign born -60.8 (19.5) *** -71.4  (14.0) *** -28.1 (26.0) -3.2  (28.3)
Missing place of birth -311.4 (57.2) *** 1924 (83.8) ** -376.1 (112.8) **~ 246.0 (130.2) *
Any training 172.8 (15.8) *** 158.9  (11.4) *** 1,086.5  (188.4) *** 909.5 (205.3) ***
Observations 10,469 11,938 10,469 11,938
R-squared 0.16 0.23

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level. The estimated constant term isomitted.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table A5
Complete estimates for bivariate normal model in Table 9
Estimated coefficients (x100) and probit marginal effects (x100)

Weekly earnings ($) Training incidence
Men Women Men Women

Newfoundland -168.9  (25.20) *** -104.1  (12.30) *** -0.40 (0.09) *** -0.37  (0.09) ***
Prince Edward Island -166.1  (25.00) *** -36.6 (15.70) ** -0.25 (0.10) ** -0.24  (0.09) ***
Nova Scotia -125.8  (20.50) *** -68.9 (12.90) *** 0.01 (0.07) -0.10  (0.07) ***
New Brunswick 719 (21.30) *** -50.4  (13.10) *** -0.25  (0.07) *** 021 (0.07) ***
Quebec -38.8 (21.10) * -46.6  (12.10) *** -0.40 (0.06) *** -0.50  (0.06) ***
Manitoba -40.8  (20.30) ** -58.3 (12.20) *** -0.07 (0.07) 0.00 (0.07)
Saskatchewan -93.9  (20.30) *** -51.6  (12.40) *** -0.05 (0.07) 0.02  (0.06)
Alberta -23.3 (21.7) -35.5  (12.90) *** -0.13 (0.06) ** -0.01  (0.06)
British Columbia -549  (21.60) ** -40.9 (15.20) *** -0.01 (0.07) 0.01  (0.06)
Census metro area 436 (16.70) *** 28,5 (10.60) *** 0.04 (0.05) -0.02  (0.05)
Toronto/Montréal/Vancouver 115 (20.4) 60.2 (12.80) *** -0.16 (0.06) *** 0.05  (0.06)
Urban centres -9.8 (21.9) 11.0  (13.5) 0.06 (0.07) 0.07  (0.07)
Rural area -93.3  (16.70) *** -48.0 (10.50) *** 0.03 (0.06) -0.02  (0.06)
Age 60.3 (4.80) *** 33.6 (3.20) *** 0.01 (0.02) 0.07  (0.02) ***
Age squared -0.7 (0.10) *** -0.4  (0.00) *** 0.00 (0.00) 0.00  (0.00) ***
Some secondary 85.5 (20.90) *** 0.5 (12.9) -0.05 (0.12) 0.14  (0.14)
Grade 11-13 57.2  (20.70) *** 66.3 (11.00) *** 0.25 (0.08) *** 0.46  (0.07) ***
Some post-secondary -37.0 (28.2) 12.0 (15.5) 0.29 (0.08) *** 0.20 (0.08) **
Post-secondary certificate or diploma 62.5 (25.50) ** 46.3 (15.70) *** 0.04 (0.08) 021 (0.07) ***
Bachelor/Master/PhD 89.8 (23.80) *** 148.6 (17.10) *** 0.27 (0.06) *** 0.32  (0.06) ***
Foreign born -52.4  (20.10) *** -67.3  (14.10) *** -0.12 (0.06) ** -0.30  (0.06) ***
Missing place of birth -328.0 (63.20) *** 195.6 (85.10) ** 0.22 (0.29) -0.23  (0.35)
Spouse present 0.43 (0.08) *** 0.08  (0.08)
Spouse — Some secondary 0.13 (0.17) 020 (0.12) *
Spouse - 11-13 0.17 (0.08) ** -0.01  (0.08)
Spouse — Some post-secondary 0.11 (0.09) 0.03 (0.10)
Spouse — Post-secondary certificate

or diploma -0.09 (0.09) 0.05 (0.10)
Spouse - Bachelors or more 0.20 (0.07) *** 0.06  (0.07)
1 child 0.04 (0.15) 0.00 (0.10)
2 or more children 0.33 (0.22) -0.04  (0.11)
1 child with spouse 0.09 (0.16) -0.08  (0.12)
2 or more children with spouse -0.27 (0.23) 0.03 (0.13)
1 Preschool child -0.33  (0.29) -0.18  (0.12)
2 or more preschool children -0.17 (0.10) * -0.25  (0.09) ***
Preschool children with spouse 0.16 (0.30) 0.10  (0.13)
Any training 407.2 (90.4) *** 2044 (18.5) ***
Constant -994.1  (-102.2) *** -509.3  (68.7) *** 147 (-0.45) *** 259  (-0.39) ***
Observations 10,469 11,938
Log-likelihood -61962067 -58169147
Rho -0.32 -0.09
Pr(Rho=0) 0.0088 0.0009

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Table A6
Complete estimates for linear regression and IV models in Tables 10A and 10B
Estimated coefficients (x100)

Linear model Instrumental variable

Men Women Men Women
Newfoundland -186.8 (22.2) *** -102.3  (12.4) *** -112.0 (38.0) *** -101 (38.7)
Prince Edward Island -171.6 (22.5) *** -38.8  (15.6) ** -86.0 (41.6) ** 213 (32.4)
Nova Scotia 1276 (19.5) *** -69.7  (12.6) *** -114.2 (39.0) *** -16.5  (29.3)
New Brunswick -84.1 (19.5) *** -504  (12.8) *** -33.3 (34.0) 234 (28.3)
Quebec -62.0 (18.0) *** -495  (11.9) *** 35.0 (42.3) 86.3  (37.0) **
Manitoba -44.3 (19.2) ** -53.9  (11.8) *** 1.4 (41.5) -46.3  (28.1) *
Saskatchewan -102.0  (19.5) *** 513 (12.1) *** -100.4 (37.1) *** -348  (25.3)
Alberta -32.8  (20.4) 355 (12.7) *** 46 (33.9) 218  (22.9)
British Columbia -49.6 (20.9) ** -36.3  (14.8) ** -6.0 (34.2) -321 (26.1)
Census metro area 50.2 (15.9) *** 28.0 (10.7) *** 51.8 (24.2) ** 36.4 (19.3) *
Toronto/Montréal/Vancouver 1.9 (18.8) 59.7 (12.6) *** 43.6 (30.0) 47.7  (20.9) **
Urban centres 0.5 (21.0) 15.6  (13.4) 13.8 (32.2) 19.0 (26.1)
Rural area -90.6 (16.3) *** -49.8  (10.5) *** -95.6 (24.3) *** -329 (22.2)
Age 57.6 (4.4) *** 31.2 (3.1) *** 24.0 (10.3) ** 152 (10.9)
Age squared -0.7 (0.1) *** -0.4 0.0) *** -0.3 0.1) ** -0.2 0.1)
Some secondary 82.1 (20.4) *** 34  (12.8) 85.3 (29.4) *** 285 (19.7)
Grade 11-13 621 (19.0) *** 65.7  (10.6) *** 77 (30.7) -194  (28.4)
Some post-secondary -11.6 (26.1) 16.8  (14.7) -41.6 (46.4) -25.4  (30.6)
Post-secondary certificate or diploma 62.3 (24.6) ** 48.7  (14.9) *** 38.8 (35.5) -31.2  (35.0)
Bachelor/Master/PhD 120.8 (21.2) *** 146.4  (16.6) *** 97.5 (46.3) ** 3.7  (43.0)
Foreign born -57.1 (19.2) *** -60.5  (13.6) *** -8.9 (30.2) 38.8 (37.5)
Missing place of birth -288.9 (56.1) *** 186.4  (83.2) ** -367.6 (135.0) *** 233.6 (154.2)
Employer-financed training 256.6 (17.1) *** 256.2  (11.9) *** 1,162.5  (203.6) *** 1,112.1  (391.0) ***
Government-financed training -122.4 (50.5) ** -93.0 (23.3) *** 720.1 (1,736.9) -666.9 (681.5)
Self-financed training -60.5 (28.4) ** 151 (19.2) -969.6  (646.0) 1,035.2  (679.1)
Observations 10,469 11,938 10,469 11,938
R-squared 0.18 0.27

Notes: Estimated (robust) standard errorsappear in parentheses. The“*” denotes statistical significance at theten percent level, “**” at thefive
percent level, and “***” at the one percent level. The estimated constant term isomitted.

Coefficients shown are weighted using the weights provided by Statistics Canadato account for stratified sampling and non-response.
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Culture, Tourism and the
Centre for Education Statistics

Research Papers

Cumulative Index

Statistics Canada’ s Division of Culture, Tourism and the Centrefor Education
Statisticsdevelops surveys, provides statistics and conductsresearch and analysis
relevant to current issuesinitsthree areas of responsibility.

TheCulture Statistics Progr am creates and disseminatestimely and comprehensive
information on the culture sector in Canada. The program managesadozen regular
census surveys and databanks to produce data that support policy decision and
program management requirements. |ssuesincludethe economicimpact of culture,
the consumption of culture goods and services, government, personal and corporate
spending on culture, the culture labour market, and international trade of culture
goodsand services. Itsanalytical output appearsin the flagship publication Focus
on Culture (www.statcan.calenglish/| PS/Data/87-004-X 1 E.htm) and in Arts, culture
and recreation — Research papers.

TheTourism Statistics Program providesinformation on domestic and international
tourism. The program covers the Canadian Travel Survey and the International
Travel Survey. Together, these surveys shed light on the volume and characteristics
of tripsand travellersto, from and within Canada. Itsanalytical output appearsin
the flagship publication Travel-log (www.statcan.ca/english/I PS/Data/87-003-
XIE.htm) and in Travel and tourism— Research papers.

The Centre for Education Statistics develops and delivers a comprehensive
program of pan-Canadian education statisticsand analysisin order to support policy
decisions and program management, and to ensure that accurate and relevant
information concerning education isavailable to the Canadian public and to other
educational stakeholders. The Centre conducts fifteen institutional and over ten
household education surveys. Itsanaytical output appearsin theflagship publication
Education quarterly review (www.statcan.ca/english/I PS/Data/81-003- X | E.htm),
in various monographs and in Education, skills and learning — Research papers
(www.statcan.calenglish/I PS/Data/81-595-M I E.htm).
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