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Background and Motivation

Providing sufficient opportunities for skill acquisition in early stages of life
to be able to get a ‘good’ job in the adult phase is an integral part of the
human development process.

This paper analyses the link between skill formation and work advantage.

We address the following questions in a simultaneous manner:

I How can one represent the process of skill acquisition of a child?

I How can we measure work advantage adopting a pluralistic
viewpoint?

I How do skills influence work advantage?



Background and Motivation

Skill formation

This happens essentially through schooling and parental/own investment.

The relationship between years of schooling and earnings has been
extensively studied in the literature, with Mincer 1974 and Becker 1993
being pioneering works among them.

However, recent works (e.g. Heckman et al., 2006; Kautz et al., 2014;
Lindqvist & Vestman, 2011) have shed a new light on this relationship.

They imply that it may not be a direct relationship as studied by the
traditional approaches.

They suggest that investment in ‘education’ is converted into skills and
abilities which in turn influence labour market outcomes.



Background and Motivation

Work Advantage

Here again, recent works (e.g. Sen 1999, Ghai 2008) have argued that
success in the labour market should be a broad notion that goes beyond
the monetary compensation for a job (i.e. earnings).

A more appropriate concept would be ‘wellbeing at work’ covering
multiple aspects including working conditions, social protection, social
dialogue, workers’ rights, and so on (Decent Work, ILO).

Therefore, multiple job characteristics are needed to adequately grasp
this concept.



Our paper

Our paper develops a comprehensive framework that connects
work advantage with skill formation combining two pioneering
approaches developed separately, namely Sen’s Capability
Approach and Heckman’s technology of skill formation.

We apply it to Bolivian data and investigate the role played by
cognitive and non-cognitive skills, acquired in early life, in
determining work advantage in the adult stage.
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Main Results: Methodological framework

We develop a simultaneous equation model relating educational
investments, skills and different dimensions of work advantage with the
following features:

Based on data availability, we consider three dimensions of work
advantage: i) Employment opportunities and earnings, ii) Decent working
time and iii) Safe work environment.

Cognitive and non-cognitive skills at any time are determined by
educational investments in all previous periods, as well as parental skills,
as in Heckman’s model.

These skills in turn influence work advantage, the latter being defined in
a pluralistic manner (adopting the capability approach).

Skills and advantage are hard to directly observe and hence measured by
multiple indicators.

A general formulation is presented to incorporate possible endogeneity of
investments in skill formation. Theory-based identification restrictions are
introduced.



Main Results: Empirical Findings for Bolivia

Both cognitive and non-cognitive skills are important determinants of
work advantage. Non-cognitive skills do not have a significant effect on
Decent working time.

Years of schooling are effective drivers of both cognitive and non-cognitive
skills. People with tertiary education tend to have much higher
non-cognitive skills with respect to people that have only finished primary
school. Similarly, cognitive skills also tend to be significantly higher.

Exposure to pre-school programs is also fruitful for skill development and
consequently, for the work advantage. Greater school-start gaps hinders
cognitive skills, but it does not have an effect on non-cognitive skills.



Model Formulation: Basic Characteristics

I T development stages (skill formation) t = {1 . . .T}.
Job potential is assessed in period T + 1

I Set of available resources in T + 1:

rT+1 = (θCT+1, θ
NC
T+1, x1,T+1)

I Conversion of resources into work advantage:

QT+1 = f1(θCT+1, θ
NC
T+1, x1,T+1, eT+1)

I Skills and advantage are often not directly observable, thus we
postulate a set of measurement equations: ZQ

T+1 = f2(QT+1, v1,T+1)
ZC
t = f3(θCt , v2,t)

ZNC
t = f4(θNCt , v3,t)

(1)



Model Formulation: Skill Formation Process

I Temporal dependence of skills:

θt+1 = gt(θt , It , θ
p, νt),∀t ≤ T , where θt = [θCt , θ

NC
t ]

I Possible endogeneity of investments:{
θt+1 = gt(θt , It , θ

p, πt , εt),∀t ≤ T
It = ht(θt , θ

p, πt , yt),∀t ≤ T
(2)

Substituting It in Θt+1, we get

θt+1 = gt(θt , ht(θt , θ
p, πt , yt), θ

p, πt , εt)
= g̃t(θt , θ

p, yt , πt , εt) = g̃t(θt , θ
p, yt , νt)

(3)



Model Formulation: Skill Formation Process

One ‘general’ equation for treatment of investment:

θt+1 = g∗
t (θt , I

∗
t , θ

p, νt),∀t ≤ T

Three possible theoretical configurations:

1. Investments are exogenous: I ∗t ≡ It and g∗
t ≡ gt

2. Investments are endogenous and the reduced system is estimated:
I ∗t ≡ yt and g∗

t ≡ g̃t

3. Investments are endogenous and 2SLS-IV is applied: I ∗t ≡ Ĩt
(estimates given by the investment policy function) and g∗

t ≡ gt

In all cases, recursive resolution of this equation yields:

θt = mt(I
∗
t−1, I

∗
t−2, ..., I

∗
1 , θ

p, ν̃t)



Empirical Strategy

I We use Bolivian data from the STEP Program (World Bank, 2012)

I Three time periods:
early childhood (t = 1),
formal schooling (t = 2),
economically active period (current) (t = 3)

I System of equations:
Q3 = f1(θ3, x1,3, e3)
θ3 = m2(I ∗1 , I

∗
2 , θ

p, ν̃2)

ZQ
3 = f2(Q3, v1,3)

ZC
3 = f3(θC3 , v2,3)

ZNC
3 = f4(θNC3 , v3,3)

(4)

including identification restrictions.



Empirical Strategy

I Measuring cognitive skills:
Six indicators:

1. Vocabulary
2. Sentence processing
3. Comprehensive reading
4. Reading (self-reported)
5. Writing (self-reported)
6. Numeracy (self-reported)



Empirical Strategy

I Measuring non-cognitive skills:
Big-Five taxonomy:

1. Conscientiousness
2. Openness to experience
3. Neuroticism
4. Agreeableness
5. Extraversion

combined with three additional socio-emotional traits (Borghans et
al., 2008):

1. Grit
2. Hostile attribution bias
3. Decision-making



Empirical Strategy

I Measuring work advantage
All indicators in line with the conception of Decent Work (ILO):

I First dimension (WA1): Employment opportunities and earnings

1. Hourly earnings
2. Access to social benefits
3. Firm size (employees)

I Second dimension (WA2):Decent working time

1. Overwork
I Third dimension (WA3): Safe work environment

1. Physical demand at work
2. Not heavy weight-lift at work (> 50 pounds)
3. Occupational category



Empirical Strategy

I Investments in skill formation:
I In t = 1: School-start gap with respect to 6 years of age.
I In t = 2: Years of education (primary, secondary and tertiary

programs)
I Possible instruments: i) perception of relative economic status when

the respondent was 15 years of age, ii) number of siblings in the
household when the respondent was 15 years of age, and iii) number
of economic shocks experienced in respondent’s household before she
was 15

I Control variables:
I Parental skills: highest level of completed education (mother and

father)
I Environmental conditions in t = 3:

i) Economic sector where the individual works
ii) Age (linear and quadratic)
iii) Gender
iv) Ethnicity



Results: Standardized structural parameters, work
advantage equations, IV procedure

WA1 WA2 WA3

Cognitive skills 0.193 *** -0.124 *** 0.174 ***
Non-cognitive skills 0.128 *** 0.012 0.178 ***
Control variables yes yes yes
R2 0.14 0.04 0.18

WA1: Employment opportunities and earnings
WA2: Decent working time
WA3: Safe work environment
***: p-value < 0.001



Results: Standardized structural parameters, work
advantage equations, IV procedure

WA1 WA2 WA3
Indigenous -0.041 0.036 -0.081 **
Services -0.053 * -0.058 ** -0.177 **
Male 0.098 *** 0.014 0.188 ***
Age 0.045 0.570 *** -0.522 ***
Age2 -0.033 -0.499 *** 0.503 ***

WA1: Employment opportunities and earnings
WA2: Decent working time
WA3: Safe work environment



Results: Standardized structural parameters, skills
equations, IV procedure

CS NCS

Years of schooling 0.373 *** 0.346 ***
Age school-start gap -0.930 *** -0.345
Control variables yes yes
R2 0.45 0.20

CS: Cognitive skills
NCS: Non-cognitive skills
***: p-value < 0.001



Results: Standardized structural parameters, skills
equations, IV procedure

Cognitive skills Non-cognitive skills
Mother ISCED=2 -0.007 -0.070 *
Mother ISCED=3 0.127 *** -0.036
Mother ISCED=4 0.168 *** 0.028
Father ISCED=2 0.044 *** 0.062 *
Father ISCED=3 0.151 *** 0.091 **
Father ISCED=4 0.207 *** 0.114 **
Private school 0.930 *** 0.076 **

Mother ISCED=1 and Father ISCED=1 are references



Results: Standardized structural parameters, educational
investments equations

Years of schooling School-start gap
Mother ISCED=2 0.039 0.032
Mother ISCED=3 0.024 -0.057 *
Mother ISCED=4 0.129 *** -0.036
Father ISCED=2 0.115 *** 0.007
Father ISCED=3 0.169 *** -0.055 *
Father ISCED=4 0.326 *** -0.115 ***
Economic status 0.019 -0.008
Siblings -0.054 ** 0.087 ***
Shocks -0.128 *** 0.023

Mother ISCED=1 and Father ISCED=1 are references



Measurement indicators WA1 WA3 CS NCS
Vocabulary 0.622 ***
Sentence processing 0.851 ***
Comprehensive reading 0.875 ***
Reading (self-reported) 0.394 ***
Writing (self-reported) 0.517 ***
Numeracy (self-reported) 0.344 ***
Grit .366 ***
Decision making .387 ***
Hostile behaviour -.133 ***
Extraversion .379 ***
Conscientiousness .362 ***
Openness to experience .508 ***
Emotional stability .174 ***
Agreeableness .273 ***
Hourly earnings 0.119 ***
Access to social benefits 0.823 ***
Firm size 0.730 ***
Physical demand at work 0.673 ***
Not heavy weight lift at work 0.763 ***
Occupational category 0.333 ***



Cumulative distributions of skill scores
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Densities of skill scores
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Discussion: Years of schooling and skill formation
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Discussion: School-start gap and skill formation
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Discussion: Skills and work advantage
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Discussion: Skills and work advantage
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Concluding Remarks - Theoretical framework

I This work studies the influence of early educational investments on
work advantage in ‘adult’ life as one that is mediated by skills.

I We pay a special attention to potential endogeneity issues in this
pathway from educational investment to work advantage.

I We consider three dimensions of work advantage (due to data
availability) - employment opportunities and earnings, decent
working time, safe work environment, and two types of skills -
cognitive and non-cognitive.

I We propose an extended SEM as a suitable way to study the
phenomenon.



Concluding Remarks - Bolivian results

I In Bolivia, cognitive skills have a stronger effect on all the
considered dimensions of work advantage. In fact, decent working
time is not influenced by non-cognitive skills.

I For instance, the median individual in the highest quintile of
distribution of cognitive skills has an advantage of employment
opportunities and earnings that is 0.42 standard deviations greater
than the average advantaged individual in the population. The
corresponding figure is 0.39 in relation to non-cognitive skills.

I Years of schooling are effective drivers of better skills.

I Relatively advantaged individuals with respect to their stock of
cognitive skills are concentrated among people who have spent at
least 12.5 years in the educational system.

I Relatively advantaged individuals in terms of their stock of
non-cognitive skills are concentrated among people who have
completed 8 years of schooling.



Concluding Remarks - Bolivian results, contd.

I In Bolivia, early exposure to pre-school programs also fosters better
cognitive skills.

I For instance, the median individual with 8 years of school-start gap
is at a disadvantage in terms of her stock of this type of skills that is
quantified as 1.4 standard deviations lower than the average
advantaged person in the distribution of these skills.
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