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ABSTRACT
Bumpy Rides: School to Work Transitions in South Africa*
Re-enrollment in school following a period of dropout is a common feature of the South
African school to work transition that has been largely ignored in both the literature on South
Africa and the wider literature on sequential schooling choice. In this paper, I quantify the
importance of the option to re-enroll in the school to work transition of South African youth. I
estimate a structural model of schooling choice in South Africa using a panel dataset that
contains the entire schooling and labor market histories of sampled youth. Estimates of the
model’s structural parameters confirm the hypothesis that enrollment choices reflect dynamic
updating of the relative returns to schooling versus labor market participation. In a policy
simulation under which re-enrollment prior to high school completion is completely restricted,
the proportion completing at least 12 years of schooling rises 6 percentage points, as youth
who would have dropped out under unrestricted re-enrollment reconsider the long-term
consequences of doing so. The results suggest that the option to re-enroll is an important
component of the incentives South African youth face when making schooling decisions.
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Introduction

More than a decade after the fall of apartheid in South Africa, economic outcomes for previously
disenfranchised groups remain bleak, particularly for youth: 52% of 20-24 year olds were unemployed in 2005 (Banerjee, Galiani, Levinsohn, McLaren and Woolard 2008). South Africa’s youth
unemployment is severe even by the standards of its region, with its employment/population ratio
of 14% far below the Sub-Saharan Africa average of 49%.1 Behind South Africa’s poor youth labor
market outcomes lies an especially slow and bumpy transition from school to work: 22% of 20 yearolds were enrolled in grades K-10 in 2001, reflecting frequent grade repetition and re-enrollment;
Figure 1 shows that only Brazil has a higher rate among a group of comparison countries. Numerous studies have examined the mechanisms generating youth economic outcomes in South Africa,
but most rely on static theories that assume students have perfect foresight about future job opportunities when making schooling decisions. Even the small number of dynamic sequential schooling
models in the wider literature dismiss re-enrollment in school after spells of withdrawal as a “rare
event” (Keane and Wolpin 1997, pp. 487) or ignore it entirely. Yet in South Africa, where lack
of labor market opportunities and high rates of school failure make enrollment decisions difficult
for many youth, re-enrollment is a key feature of the school to work transition: in my sample,
almost one third re-enroll at some point in their schooling careers, including 21% before completing
high school.2 While static models are incapable of explaining this irregular enrollment behavior,
re-enrollment becomes sensible in a dynamic context in which youth are uncertain about future
outcomes and the returns associated with their choices.
This paper aims to fill this gap in the literature by quantifying the importance of the option to reenroll in the South African school to work transition. Specifically, I develop and estimate a dynamic
model of school advancement and job search that allows for uncertain outcomes and re-enrollment
following dropout during the schooling career. As youth learn the results of their enrollment and
job search choices, they update their expectations about the relative returns to enrollment versus
labor market participation, leading some who dropped out of school to re-enroll. In addition to
explaining observed patterns of school enrollment, completion, and labor market participation, I
quantify the importance of re-enrollment by conducting simulations in which the option to reenroll before completing high school is restricted. I find that the re-enrollment restriction increases
the proportion completing at least 12 years of schooling by 6 percentage points, as youth who
would have dropped out under unrestricted re-enrollment reconsider the long-term consequences of
doing so. To my knowledge, this is the first dynamic, sequential schooling model applied to South
1
2

Data refers to 15-24 year olds for 2005, from World Bank Africa Development Indicators.
Comparable rates in the NLSY79 for the United States are 20% and 5%, respectively (Keane and Wolpin 1997).
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African data, and the first in the wider development literature to focus on the importance of school
re-enrollment after periods of dropout.
The difficult school to work transition of South African youth in the post-apartheid era has been
well documented. Racial disparities in school quality and student outcomes found under apartheid
(Case and Deaton 1999, Case and Yogo 1999) persisted in the post-apartheid era (Yamauchi 2005).
In the post-apartheid school system, high rates of grade repetition lead to lengthy school careers
for black and coloured youth (Fiske and Ladd 2004, Lam, Ardington and Leibbrandt 2011), while
transitions from school to employment are slow, with only 37% of black males aged 21-22 reporting
ever obtaining employment (Lam, Leibbrandt and Mlatsheni 2009). When facing such poor labor
market outcomes, forward-looking agents may find it optimal to remain in school despite relatively
low probabilities of advancement. Others may drop out and later re-enroll if unsuccessful in the
labor market. Static human capital investment models, however, will not capture this behavior
if agents adapt their expectations and alter their choices due to acquisition of new information,
making a dynamic model appropriate. Eckstein and Wolpin (1999), Arcidiacono (2004), Stange
(2009) and Joensen (2008), among others, estimate dynamic schooling models in which agents face
uncertainty over academic advancement and labor market opportunities.
Like each of those studies that use dynamic schooling models, the model in this paper will
allow agents to update their expectations about the relative returns to school enrollment and
labor market participation in a dynamic discrete choice framework. I extend the previous work by
allowing for an option to re-enroll in school after a spell of labor market participation, an important
feature of school to work transitions in South Africa that prevailing dynamic schooling models have
overlooked.3 The pervasiveness of adverse shocks to South African youth – grade repetition while
in school, high and lengthy unemployment when in the labor market – lead to the frequently rocky
transitions from school to work observed in the data. Dropouts who update their expectations
about future labor market opportunities during labor market spells may choose to re-enroll as a
result. In this paper, I model these transitions and estimate their underlying structural parameters.
Estimates of the model’s structural parameters confirm the hypothesis that enrollment choices
reflect dynamic updating of the relative returns to schooling versus labor market participation.
The model replicates basic patterns of enrollment, grade advancement and employment observed
in the data, according to characteristics such as completed schooling and recent and cumulative
school failures. I use my estimates of the underlying structural parameters relevant to enrollment
3

There are important exceptions. Keane and Wolpin (1997) do not restrict re-enrollment in their model despite
referring to it as a “rare event” (pp. 16), while Eckstein and Wolpin (1999) allow re-enrollment within 5 years of
entering high school. Belzil and Hansen (2002) estimate a dynamic discrete choice model of school enrollment that
allows for re-enrollment after periods of “interruption,” but they assume that such interruptions occur exogenously.
Light (1995) estimates a hazard model of re-enrollment. Each of these studies uses U.S. data.
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to conduct policy simulations. To quantify the importance of re-enrollment, I simulate the model
under removal of the re-enrollment option. Enrollment rates rise sharply throughout the schooling
distribution after restricting re-enrollment before high school completion, relative to both the data
and results from the unrestricted model. I find that the re-enrollment restriction increases the
proportion completing at least 12 years of schooling by 6 percentage points: by increasing the
opportunity cost of dropout, restricted re-enrollment prolongs enrollment spells. Absent sources of
market failure, however, such a policy would reduce social welfare, and is therefore intended as a
useful thought experiment about the incentives to re-enroll rather than a specific policy proposal.
Additional policy simulations, such as enforcement and extension of compulsory schooling, lead
to qualitatively similar results as the restricted re-enrollment simulation. The results suggest that
the option to re-enroll is an important component of the incentives South African youth face when
making schooling decisions.
I organize the paper as follows. Section 2 develops the formal model and explains the estimation
method. Section 3 describes the data. Section 4 presents results, model fit, and robustness checks.
Section 5 presents results of policy simulations. Section 6 concludes.

2

A model of the school to work transition

2.1

Weaknesses in existing static and dynamic human capital models

Standard, static human capital investment models, such as the canonical Becker (1994) model, have
difficulty explaining re-enrollment. Such models assume that the agent faces no uncertainty over
schooling outcomes or the shapes of the earnings and cost functions, and therefore need not update
her choice of schooling as new information about its returns (due to say, imperfect knowledge of
ability or labor market opportunities) arrives. Yet such dynamic considerations are likely to be
quite important to schooling choices, particularly for young adults. As Card (1999, pp. 18101812) acknowledges, “In fact the transition from school to work is often a bumpy one, as young
adults move back and forth between full-time or part-time enrollment and part-time or full-time
work...individuals do not necessarily know the parameters of their earnings functions when they
make their schooling choices.”
To address these concerns, a number of studies develop and estimate dynamic human capital models, in which agents may update their schooling decisions based on the arrival of new
information about academic ability (Eckstein and Wolpin 1999, Stange 2009) and labor market
opportunities (Keane and Wolpin 1997, Joensen 2008). However, even in most dynamic models
(such as Heckman and Navarro 2007, Joensen 2008, Stange 2009), exiting school to enter the la-
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bor market is a terminal action. While this assumption may be appropriate for settings where
re-enrollment in school after a spell in the labor market is rare, South African youth face high
levels of grade repetition and unemployment that magnify the uncertainty associated with their
enrollment choices and make them especially vulnerable to adverse shocks as they transition from
school to work. The corresponding prevalence of re-enrollment in South Africa make re-enrollment
essential to incorporate in a dynamic human capital model.
Under what circumstances will an agent with the option to re-enroll choose to do so? If agents
choose schooling sequentially based on all available information at the time of their choice, they
might re-enroll after updating their expectations about the relative returns to enrollment versus
labor market participation.4 For instance, a dropout who fails to find a job may update her
expectations about future employment and decide that re-enrollment in school is a better option
than continued job search. Such behavior is a rational response to the acquisition of new information
based on the outcomes of past choices, but the dynamic updating that drives re-enrollment in this
scenario is absent from static human capital models.5

2.2

Timing and preferences

Building on the intuition for re-enrollment described in the previous section, I develop a model of
enrollment choice in the presence of uncertain schooling and labor market outcomes. I then explain
how I estimate the structural parameters of the model using panel data on South African youth.
Consider an agent who makes discrete choices about school enrollment and labor market participation to maximize utility over a finite lifetime. In each period, the agent observes the state vector
St , which summarizes all information relevant to her choice at time t. She then chooses whether to
enroll in school or enter the labor market; let dt = I(enroll at time t). Simultaneous enrollment and
labor market participation is absent from the model because it rarely occurs among South African
youth, a point I return to in Section 3.1. The agent may enroll in periods t = t0 , . . . , Td , but in all
subsequent periods t = Td + 1, . . . , T , the agent participates in the labor market. In each period,
the agent receives choice-specific flow payoffs Utd (St ). Thus the agent’s optimization problem at
any time in the decision period t ≤ Td is:


Td
T
n
o
X
X
max E 
β t−τ dt Ute (St ) + (1 − dt )Utj (St ) +
β t−τ Utj (St )
d

t=τ

(1)

t=Td +1

4
The notion that dynamic updating could drive re-enrollment accords with Heckman and Navarro (2007). Their
sequential schooling model does not allow re-enrollment, but they nonetheless speculate, “In a general model, different
persons could drop out and return to school at different times as information sets are revised” (pp. 364).
5
In an unpublished appendix available upon request, I formalize this argument with a stylized model in which ex
ante identical agents make different re-enrollment choices based on the outcomes of their initial job search.
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where U e and U j are the utility functions for enrollment and labor market participation, respectively; β is the agent’s discount factor; and the expectation is taken with respect to the evolution
of the state space. The indirect utility functions are expressed in monetary units (South African
rand per year), and capture the agent’s preferences for enrollment and labor market participation
as a function of St . I assume the agent is risk neutral. I also assume that the utility functions
are additively separable in observable (to the econometrician) components Xt and choice-specific
shocks observed only by the agent, dt , so that Utd (St ) = udt (Xt ) + dt . The agent learns the shocks
t = (jt , et ) at the beginning of each period, prior to the enrollment decision.
If the agent chooses to enter the labor market, she must search for employment, with probability
of success conditional on current information contained in S. Her flow payoff in the labor market is
her expected wage, i.e., the product of the probability that she will find employment and the wage
she would earn if successful, all conditional on information known at the beginning of the period:6

Utj (St ) = E[w(Xt )] + jt
= Pr(work|Xt ) × w(Xt ) + jt

(2)

I model wages as a linear function of the observable state variables, i.e., w(Xt ) = Xt γ. The
probability of working is estimated as a logit that is linear in the same covariates as the wage
equation.7
If the agent chooses to enroll in school, she passes the grade level and accumulates associated
human capital with probability that depends on the current state. Her payoffs depend on her net
psychic benefits of schooling (b) based on all information known at period t, less the school fee.
Thus we have:
Ute (St ) = b(Xt ) − f ee(Xt ) + et

(3)

The net psychic benefits of schooling include the agent’s self-assessment of her ability based
on both pre-determined characteristics and her schooling outcomes up to year t, as well as other
6

Note that I implicitly normalize the value of unemployment to zero, consistent with the absence of a widely
accessible unemployment insurance system in South Africa.
7
This treatment of job search nests the approach of a companion paper that analyzes youth’s first post-school
labor market experiences using the same dataset (Levinsohn and Pugatch 2011). That paper estimates Pr(work|Xt ) =
q(Xt )×(1−Fw|X (w∗ )), where q is the arrival rate of job offers, F is the wage offer distribution, and w∗ is the reservation
wage. Whereas that paper focused on disentangling q from the parameters of F under alternative measures of the
reservation wage, my focus here is on the relative returns to enrollment versus job search, for which the distinction
between the arrival rate and distribution of wage offers is less important. Therefore, I choose to forego estimation of
these parameters, which simplifies estimation of the model.
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characteristics that may influence the non-monetary benefits and costs of school. I parameterize b
as a linear function of X, i.e., b(Xt ) = Xt α. School fees also depend on individual characteristics
X, which allows fees to vary by race and school level, consistent with South Africa’s educational
institutions.
Table 1 describes the elements of X, with further details in Section 3 and Appendix B. The table
also notes the exclusion restrictions for the utility functions (2) and (3) and the transition equations
for enrollment and passing (described in the next subsection).8 The state space X includes race
and gender dummies; indicators for ability quartiles based on results from a standardized test
administered in Wave 1 of the panel; a dummy for completion of grade 6 or higher at age 12,9
when the model begins; a dummy for enrollment in the previous period, to capture switching costs
between enrollment and labor force participation; and a dummy for co-residence with a pensioneligible grandparent, consistent with evidence that public pension receipt may fund the schooling
or job search of youth in the household (Duflo 2003, Case 2004, Edmonds 2006, Souza 2010).10
The model assumes that the returns to schooling are linear, but allows for changes in slope and
intercept at high school completion.11 By including time-varying covariates such as work experience
and an indicator for employment in the last relevant period, the model allows agents to update
their expectations of labor market outcomes based on the results of past choices (pass or fail for
enrollment, work or search for job search).12
In the enrollment utility function, I account for (possible) credit constraints by including indicators for lower quintiles of household incomes (yq for quintiles q = 1, 2) and their interaction with
a dummy for high school graduate (HSG), reflecting the potential difficulties youth from lowerincome households face in financing post-secondary education.13 The completed schooling terms
8

These exclusion restrictions are theoretically motivated, and not necessary for identification.
Completing grade 6 by age 12 represents “on-time” school completion for students who enter at age 6, the modal
school entry age in South Africa.
10
Note, however, that I assume that pension receipt is unexpected. This avoids the multiplication of the state
space required to allow the ages and mortality risk of co-resident grandparents to evolve. Edmonds (2006) finds that
the labor supply responses of youth to household pension receipt are as though pension income is unanticipated.
11
Case and Yogo (1999) also find evidence for a slope change in the returns to schooling at high school completion,
although their outcome measure is log wages, whereas my outcome is expected wages.
12
In addition to the state variables in Table 1, I also assume that expected wages evolve with a quadratic trend
in age beginning at the close of the decision horizon (t = Td + 1) until the end of the model at t = T . I restrict
the age-expected wage profile to begin at t = Td + 1 for several reasons. First, because no individual in the data is
observed after age 26 (t = Td + 3), I prefer to control for actual work experience, rather than age, prior to Td . Second,
estimating age coefficients with wage data on such young agents is likely to be biased, so I use auxiliary data from
the 2001 South African Census to estimate the age-expected wage profile. Details may be found in Appendix B.
13
This method of allowing household income to proxy for credit constraints follows Cameron and Heckman (2001),
Carneiro and Heckman (2002) and Lam, Ardington, Branson, Goostrey and Leibbrandt (2010), although the resulting estimates may reflect the accumulation of educational disadvantage in low income households, rather than
credit constraints. Formally incorporating credit constraints would require a richer model that incorporates asset
accumulation and savings, as in Keane and Wolpin (2001) and Cameron and Taber (2004).
9
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(s, HSG, sps ) capture how the net psychic benefit of schooling evolves over time. The failure terms
(f, ftot ) capture how the agent dynamically updates her self-assessed academic ability; including
separate terms for recent and cumulative school failure allows the agent to place different weight
on recent versus past outcomes.14 Figure 2 summarizes timing, choices, and payoffs in the model.

2.3

State transitions

Because the choice environment is dynamic, the agent considers not only current payoffs when
deciding to enroll in school, but also how the current period’s choice affects expected future payoffs.
Following standard practice in dynamic discrete choice models, I assume that transitions of the
state variable follow a first-order Markov process, and that transitions of the unobserved shocks
are conditionally independent from those of the observed state.15
In the present model, an agent choosing to enter the labor market considers the probability of
finding employment in the current period, which enters the labor market utility function, as well as
the effect that current success or failure in job search will have on future job opportunities, which
enters the state transition function. Because work experience variables are the only elements of the
state space that evolve during periods in which the agent enters the labor market, the corresponding
state transition simplifies to the probability that the agent finds work:

Pr(Xt+1 |Xt , dt = 0) = Pr(xt+1 = 1, xtot,t+1 = xtot,t + 1|Xt , dt = 0)
= Pr(work|Xt , dt = 0)

(4)

14
The process of dynamic updating of the net psychic benefits of schooling in the model may be viewed as an
approximation to Bayesian updating. Partition Xt into [X0 , Xt ], representing its time-invariant and time-varying
elements, respectively. If both the prior and posterior distributions for b are normal, then the posterior mean E[b|Xt ]
is a linear combination of the prior mean E[b|X0 ] and the mean of Xt :

E[b|Xt ] = a1 E[b|X0 ] + a2 X̄t
where a1 =

1/σb2
2
(1/σb2 )+tσX

and a2 =

tσb2
2
(1/σb2 )+tσX

2
. Here, σb2 and σX
are the variances of b and Xt , respectively. Note

that as t increases, the agent places relatively more weight on Xt when updating E[b|Xt ], reflecting the importance
of new information. Stange (2009) gives a similar interpretation of the agent’s updating rule, noting that the process
is similar to the normal learning model.
15
These assumptions allow me to estimate transitions of next period’s observed state Xt+1 as a function of the
current observed state Xt only. This simplification comes at a cost, as it assumes that the transition probability for
Xt+1 depends on unobserved shocks only through their influence on the current state variable. This property would
not hold if, for instance, an unobserved negative household shock that does not cause a youth to fail the current
grade nonetheless persists and affects the following period’s academic performance, leading her to fail the subsequent
grade. However, assuming that persistent shocks affect the observed state variable upon impact, thereby allowing
the current observed state to serve as a sufficient statistic for the distribution of next period’s observed state, seems
reasonable given the large gain in computational tractability.
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Similarly, for periods in which the agent enrolls in school, the state transition simplifies to the
probability that the agent will pass the grade level:16

Pr(Xt+1 |Xt , dt = 1) = Pr(st+1 = st + 1, ft+1 = 0, ftot,t+1 = ftot,t |Xt , dt = 1)
= Pr(pass|Xt , dt = 1)

(5)

I estimate both state transitions (4) and (5) as logits that are linear in Xt , using data on
labor market and schooling outcomes, respectively.17 The labor market utility function (2) and
employment probability (4) functions also include the macro environment indicator ζ, but for
simplicity agents forecast next period’s macro state to be identical to the present. Denote the logit
parameters governing the labor market transition (4) and enrollment transition (5) as φj and φe ,
respectively.

2.4

Model Solution and Estimation

Because the model has a finite horizon, it may be solved by backward recursion. Via Bellman’s
principle of optimality, rewrite the agent’s problem as a dynamic programming problem, where the
value function Vt is defined as the maximal expected present value of utility at time t, conditional
on the state St :
Vt (St ) = Ut (St ) + βE [Vt+1 (St+1 )]

(6)

Because the value function assumes optimizing behavior by the agent from period t forward, it
may also be expressed as the maximum over alternative-specific value functions:

Vt (St ) = max{Vtd }
d



d
d
= max Ut (St ) + βE max{Vt+1 (St+1 )}|St , dt
dt

dt+1

(7)

The assumptions of additive separability and conditional independence of the state space allow
16

This treatment of the state transition while enrolled follows Lam et al. (2011), who model school progression as
the outcome of a threshold advancement rule with stochastic shocks.
17
The state transitions may also be estimated nonparametrically. Since X is discrete, a simple bin estimator would
make nonparametric estimation particularly straightforward, for example. However, because many covariate cells
would have few observations, consistent estimation of the state transitions using nonparametric methods would be
difficult, so I opt instead for parametric estimation using logits.

8

Bumpy Rides: School to Work Transitions in South Africa

Todd Pugatch

me to treat the E[max] term in (7) as a double integral over the marginal distributions of X
and . I discussed the transitions of X in the previous section. To make the problem tractable for
estimation, I must assume a parametric form for the distribution of . I assume that the unobserved
shocks are independently and identically distributed Type I extreme value (EV), i.e., F (dt ) =

exp − exp −dt . The i.i.d. assumption on  implies that unobserved shocks affecting enrollment
utility occur independently from those affecting labor market utility. Although it is easy to think of
unmodeled shocks that could affect enrollment and labor force participation simultaneously (illness,
household job loss, etc.), many types of shocks, such as the transfer of a talented teacher or the
unexpected destruction of a job due to demand-side factors, will affect the utility of just one choice.
Assuming that  is drawn from an i.i.d. Type I EV distribution allows me to write E[max] in closed
form, a considerable computational savings.
The assumptions of additively separable utility and conditionally independent and i.i.d. Type
I EV shocks allow me to rewrite the E[max] terms of the Bellman equation as:


d
E [Vt+1 (St+1 )|St , dt ] = E max{Vt+1 (St+1 )}|St , dt
d
"
!
#
h
i
X
d
= E ln
exp Vt+1 (Xt+1 ) |Xt , dt + ν

(8)

d

where ν ∼
= .577 is Euler’s constant. Substituting the above expression into (7) serves to calculate
the agent’s expectations over the unobserved state variables . Combined with my assumptions on
the transitions of the discretized observable state variables X, we have:

"
E [Vt+1 (St+1 )|St , dt ] =

X
X

ln

X

exp

h

d
Vt+1
(Xt+1 )

!
i

#
|Xt , dt + ν

!
Pr(Xt+1 |Xt )

(9)

d

The model’s structural parameters are θ = (φj , φe , γ, α), where φj and φe are the labor market
and enrollment transition parameters; γ is the parameter vector for the wage equation; and α is the
parameter vector describing enrollment preferences. For any value of θ, we may solve the model
recursively by using the terminal condition that following the close of the decision horizon at Td , the
agent must enter the labor market. Therefore, I set Ute (Xt ) = Utj (Xt ) = E(w|Xt ) + jt for all t > Td ,
which allows me to solve for the value functions in periods t = Td + 1, . . . , T by backward induction.
The Type I EV assumption on the distribution of utility shocks and their conditional independence
over choice alternatives allow me to express the agent’s conditional enrollment probability as:

9
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exp (Vte (Xt ))


exp (Vte (Xt )) + exp Vtj (Xt )

(10)

d
, I decompose an individual’s contriWith data on the sequence of enrollment choices {dt }Tt=1

bution to the likelihood function as:

le (φe ) =

lj (φj ) =

Td
Y
t=1
Td
Y

Pr(passt |Xt , dt = 1)dt

(11)

Pr(workt |Xt , dt = 0)1−dt

(12)

t=1
Td


Y
lw (γ) =
f w(Xt )I(workt )

ld (α) =

t=1
Td
Y

Pr(dt = 1|Xt )dt Pr(dt = 0|Xt )1−dt

(13)

(14)

t=1

where the components are the grade transition (11), the labor market transition (12), the wage
equation (13)18 and the enrollment choice equation (14). The individual’s likelihood contribution
is then:

l(θ|X) =

Td
Y

le · lj · lw · ld

(15)

t=1
d
With panel data {dit , Xit }Tt=1
for i = 1, . . . , n individuals, the likelihood function becomes:

L(θ|X) =

n
X

ln li (θ|Xi )

(16)

i=1

Estimation of θ may proceed by a nested fixed point (NFXP) algorithm, as in Rust (1987): in
the “inner loop,” the current guess of θ is used to solve the model recursively, as described above,
while in the “outer loop,” each guess of θ is updated through a numerical optimization procedure.
The process repeats until convergence.
Because the likelihood function is additively separable in the contributions of enrollment (d = 1)
and labor market (d = 0) components, I am able to estimate these parts sequentially. First, I use
18

Here, f (·) is the density of the wage residuals. In practice, I estimate (13) by linear regression rather than
maximum likelihood.
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data on employment and school advancement to estimate (φe , φj ) using (11) and (12); accepted
wage data are used to estimate γ using (13). The resulting estimates are then substituted into (14)
to estimate α. To obtain final parameter values and consistent estimates of their standard errors,
I conduct one Newton iteration over the full information likelihood function, using the sequential
estimates as starting values (McFadden 1984, p. 1426).19 I set the discount factor β to 0.95.
The likelihood function converges to identical parameter estimates from several different arbitrary
starting values.

2.5

Parameter Identification

This subsection discusses identification of the model’s structural parameters θ = (φj , φe , γ, α).
Employment and grade advancement probabilities conditional on observable characteristics identify
the transition parameters φj and φe , respectively, as in standard logistic regressions for binary
outcomes. Variation in state variables across individuals and over time among those in the labor
market identifies γ, the parameters of the wage function. Although γ is identified from the selected
sample that chooses to participate in the labor market and therefore may not be interpreted as
causal, the discrete choice model fully specifies the selection process. Differences in enrollment
rates by net psychic benefits of schooling (b), both across individuals and over time, identifies the
enrollment utility function parameters α. For example, the difference in enrollment rates between
those who failed their last grade enrolled and those who passed identifies the coefficient on the
failure indicator in (3).
The transition parameters φe and φj capture youth expectations about future schooling and
labor market outcomes, respectively. The parameters α and γ capture expectations about the
utility associated with enrollment and labor force participation, respectively. Precise estimation and
sensible signs of coefficients on time-varying characteristics within each structural parameter would
provide evidence in favor of my hypothesis that youth dynamically update their expectations about
the relative returns to enrollment versus labor market participation. The most notable coefficients
are those on school failure and work experience (recent and cumulative), as such coefficients reflect
updating based on previously uncertain schooling and labor market outcomes. Evidence of dynamic
updating may also be found in the schooling coefficients (schooling, the indicator for high school
graduate, and their interaction), because completed schooling also evolves based on past enrollment
choices and their outcomes.
19
The exception is the wage equation parameter (γ), which is not identified separately from the enrollment preference parameter (α) because only differences in utility matter in binary choice estimation. I report values of γ
obtained from sequential estimation in the results.
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Data

3.1

The Cape Area Panel Study

I use data from the Cape Area Panel Study (CAPS), a longitudinal study of youth in metropolitan
Cape Town, South Africa (Lam, Ardington, Branson, Case, Leibbrandt, Menendez, Seekings and
Sparks 2008).20 CAPS sampled about 4,800 youth aged 14-22 in Wave 1 (2002) and currently
includes four publicly available waves, the most recent conducted in 2006. In Wave 1, retrospective
life histories were collected for each year stretching back to birth, and include information on school
enrollment and advancement, job search, and employment. I update this retrospective life history
data with information from Waves 2-4 to construct the panel used in this paper. I make several
sample restrictions. I drop white youth, as they tend to enjoy living standards comparable to those
in developed countries, and my focus here is on youth who tend to face high uncertainty in their
schooling and employment outcomes.21 I keep only those youth observed until at least age 18.
I also drop those with inconsistent schooling histories (details described in Appendix B), leaving
N = 3, 374 individuals in the sample, comprising 61,314 person-years from ages 4-26. Table A1
shows the panel balance at selected ages. The sample size drops sharply at later ages due to both
the young ages of entry into the panel (i.e., right-censoring) and attrition in later waves, but there
is no evidence of differential attrition by race.
At each age, the data contain information on the youth’s enrollment status. If enrolled, the
data report the school outcome (pass or fail);22 if in the labor market, the data report whether
employed.23 Enrollment in school supersedes labor market participation when these are reported to
occur simultaneously at a given age, in order to keep these choices consistent with their treatment as
mutually exclusive in the model. Work or search while enrolled peaks at 3% across all grade levels,
and never exceeds 2% during grades 1-12, making me confident that modeling enrollment as distinct
from labor force participation is reasonable. Monthly calendar data collected during CAPS Waves
20

CAPS is publicly available at http://www.caps.uct.ac.za/.
Including whites in the sample leads to qualitatively similar results, however. Results in unpublished appendix,
available upon request.
22
“Failure” refers to any type of failure to complete a grade level while enrolled, and includes withdrawal from
school as well as academic failure. For post-secondary education (grades 13-16), I expand the definition of grade
advancement to include a response of “no grade/continuing” to the survey question on school result, as this is
consistent with continuation in a multi-year degree program, and is the modal response for these grades. Unfortunately
I am unable to distinguish reliably whether those in post-secondary education are making satisfactory progress to
degree completion, because few students report academic failure in these grades.
23
Although search behavior is also reported in the sample, all non-enrolled youth are assumed to be participating
in the labor market. In principle, the model could be extended to include non-participation in the labor market as a
discrete choice. However, a companion paper using CAPS (Levinsohn and Pugatch 2011) finds that 64% of those who
permanently exit school and never report searching nonetheless find employment by the end of the sample, suggesting
that labor market participation is not synonymous with active search for these youth.
21
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1-4 verify that school enrollment and labor force spells last at least one year on average, regardless
of whether I allow a spell to include other concurrent activities or restrict the definition to full-time
spells.24 Moreover, school enrollment spells tend to follow the January-December academic year,
with 48% of enrollment spells beginning in January or February and 55% ending in November or
December, making my assumption in the model that time periods last one year seem reasonable.
Data on accepted wages and school fees are available only at each panel interview rather than
at each age. To overcome this restriction, I predict wages and school fees by regressing observed
values on the state variables in Table 1.25 Appendix A contains additional information on the
South African education system, while Appendix B contains additional information on the sample
and variable definitions.
For the purposes of the model, the first decision period t0 occurs at age 12, as no youth enter the
labor market and obtain work prior to this age, so extending the model to an earlier age would be
superfluous. Of course, by age 12 substantial, non-random differences have already arisen among
youth due to unobserved characteristics related to family background and motivation. Therefore,
I include a dummy for completion of at least 6 years of schooling at age 12 as a state variable
(representing “on-time” completion for a student who enters at age 6), which proxies for the effect
of such early life differences. The decision period ends at Td = 24. The model ends at T = 60, the
age of public pension eligibility in South Africa.26

3.2

Summary statistics and stylized facts

Table 2 presents summary statistics for the sample. The racial distribution reflects the unique
racial composition of Cape Town, where coloureds (mixed racial heritage) are prominent. Schooling
careers range on average from ages 6 to 18, with a mean of 1.4 grades failed. There is wide variation
(standard deviation 1.3 years) in completed schooling even by age 12. Only slightly more than half
of the sample has worked, though this in part reflects right-censoring of school careers rather than
24

The mean durations of school, work, and labor force participation spells have a minimum of 13.6 months in the
monthly calendar data. However, removal of censored spells reduces the minimum mean duration to 7.4 months,
because the longest spells tend to be censored.
25
I predict school fees using only a dummy for black, completed schooling, and a dummy for high school graduate,
to be consistent with racial disparities in school expenditure and the discontinuous jump in fees in post-secondary
schooling. I am concerned that if additional information on, say, cumulative grades failed were used to predict school
fees, results could reflect unmodeled endogenous school choice and therefore be biased. For both expected wages and
school fees, I replace predicted values below the minimum value observed in the sample with the first percentile from
the data, in order to avoid non-positive predicted values and extreme outliers.
26
Although individuals must also pass a means test to receive a public pension, in practice about 80% of elderly
blacks and coloureds receive the pension. The pension is quite generous relative to the median incomes of these
groups (Case 2004). The pension eligibility age for males was 65 during much of the CAPS Wave 1-4 survey period.
I chose T = 60 for simplicity in estimation, and later check robustness to setting T = 65.
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failure in job search. As mentioned in Section 1, almost one third of the sample has re-enrolled
in school (after disenrolling for at least one year) at some point in the sample, including 21% who
re-enroll before completing secondary school. This re-enrollment behavior is difficult to reconcile
with standard human capital theory, but is a prominent feature of the dynamic model I estimate.27
Table 3 depicts patterns of enrollment and school failure by level of completed schooling. Enrollment rates are relatively high among those in the primary and early secondary school grades (1-9),
though not universal,28 falling steadily to a trough of 17% at high school completion. Those with
some post-secondary education (grades 13 and above) tend to remain enrolled, however. Enrollment
and failure rates are negatively correlated, with failure highest between 9-11 years of completed
schooling (when students prepare to pass the “matric,” or secondary school completion exam).
Dropout increases in secondary school and peaks upon secondary completion. Re-enrollment follows a similar pattern, with re-enrollment rates highest among those with 9-11 years or more than
12 years of schooling.
The discrete choice model of this paper treats (expected) wages and school fees as the directly
measurable economic factors influencing enrollment decisions; Table 3 also shows employment,
wages and fees as functions of completed schooling. Employment rates, wages and school fees
increase substantially upon completion of secondary school. The apparent non-linearity of returns at
secondary completion motivates the inclusion of terms (HSG and sps , described in Table 1) allowing
the intercept and slope of the expected wage equation to change in post-secondary schooling. Yet
despite the large increase in fees for higher education, their (mean) reported level remains markedly
lower than the corresponding wage throughout the schooling distribution.29

3.3

Evidence consistent with dynamic updating of expected returns

To justify the specification of a dynamic model, we must observe behavior that could not be
accounted for in the static case, such as enrollment (and re-enrollment) decisions reflecting dynamic
27
Moreover, it is unlikely that measurement error, in the form of recall bias, leads to a gross overstatement of
re-enrollment rates. If recall bias were severe, I would expect re-enrollment rates to be greater for observations from
ages before youth entered the panel and were subject to frequent interviews. Yet in a regression of the re-enrollment
indicator on a dummy for whether the observation overlapped with the time of the panel, the coefficient is positive
and significant (coefficient 0.03, t-statistic 2.5), which is the opposite of the result I would expect to find in the
presence of recall bias. The regression includes a full set of age and schooling dummies, controls for work experience
and school failure (in both the last relevant period and cumulative), and individual fixed effects, with standard errors
clustered at the individual level.
28
Recall that the sample begins at age 12, when many youth will already be close to primary school completion.
Extending the sample to age 4 makes primary school enrollment nearly universal.
29
These values, as with all currency-denominated units in the paper, are in real South African rand per year, base
year 2002 (unless otherwise noted). The South African rand traded at 10.3 per US dollar in August 2002, when
CAPS Wave 1 began.
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updating of expected returns following acquisition of new information. Much labor market entry
and exit may occur because youth dynamically update their expectations about the relative returns
to enrollment and job search based on the outcomes of their past choices. For instance, a student
who fails a grade may believe she is more likely to fail in the future, as she updates her assessment
of her academic ability. Similarly, a youth who succeeds in her job search may be more likely to
succeed in the future, as she builds a professional network and firm-specific human capital or forms a
long-term contract with her employer. Figure 3 shows that these patterns exist in the data: among
those with less than 12 years of schooling, for instance, 28% of those who failed their last grade fail
again, compared to just 16% of those who passed their last grade. Among those employed in their
last period of non-enrollment, 62% are employed again, compared to 14% among the previously
unemployed.30 If youth know these conditional probabilities of passing and employment, they may
change their behavior as they update their expectations based on the outcomes of their past choices.
The transition matrices in Table 4, which show how youth in the sample move between enrollment and non-enrollment, suggest that enrollment decisions reflect such dynamic updating about
returns. In the full sample, 81% of those enrolled in a given year will remain enrolled in the following year. Of those not enrolled in school, 90% will remain not enrolled in the following year,
for a gross re-enrollment rate of 10%. Conditioning on past outcomes reveals behavior consistent
with dynamic updating of the relative returns to enrollment versus labor market participation.
Among those enrollees who passed the grade level, 87% remain enrolled in the following period,
while just 49% of those who failed remain enrolled. Similarly, only 4% of those employed choose
to re-enroll in school in the following period, compared with 13% of the unemployed. This pattern
of re-enrollment is consistent with the intuition presented in Section 2.1, in which agents who fail
to find a job are more likely to re-enroll as they reassess their expected returns to labor market
participation.
Transition patterns consistent with dynamic updating are present regardless of secondary completion. For both those with less than or at least 12 years of completed schooling, enrollees who
failed are more likely to drop out of school than those who passed and those who were unemployed
while not enrolled are more likely to re-enroll in school. This descriptive data is consistent with
agents dynamically reassessing the returns to enrollment as they acquire new information based on
past outcomes. The importance of such updating to the decision-making process makes a dynamic
human capital investment model appropriate.
30

Of course, these patterns may also simply reflect selection, as the less able and employable are more likely to fail
and be unemployed, respectively, both now and in the past. The model fully specifies the dynamic selection process,
however, and includes a rich set of controls to account for such selection.
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Results

4.1

Parameter estimates

Table 5 presents estimates of the model’s structural parameters θ = (φe , φj , α, γ). The transition
parameters for school advancement and employment (φe and φj , respectively) in columns (1) and
(2) are mostly as expected. In the school advancement equation of column (1), I find that conditional on all other included covariates, blacks and females are significantly more likely to pass to the
next grade level. The probability of passing is increasing in ability and for those who completed at
least 6 years of schooling by age 12 (again, conditional on other included variables; unconditional
probabilities may differ). The probability of passing declines with the level of schooling, though the
separate slope and intercept terms for high school graduates are positive, reflecting the lower failure
rates in post-secondary education reported in Table 3. Grade failures, both recent and cumulative, do not significantly predict current grade failure, consistent with the aribitrariness in school
performance and advancement found in Lam et al. (2011). Those living with a pension-eligible
grandparent are less likely to pass, possibly reflecting a lower incentive for school performance as a
result of intra-household transfers.
Column (2) shows results for the labor market transition equation (4), corresponding to the
parameter φj . Most coefficients have the expected sign: despite their higher rates of grade advancement, blacks and females are significantly less likely to find work than coloureds and males; the
probability of employment is increasing in schooling, with a higher intercept (though no steeper
gradient) for high school graduates. As hypothesized, employment is path dependent, with the
coefficient on employment during the last period of non-enrollment quite large and precise. Surprisingly, those with at least 6 years of schooling at age 12 are less likely to be employed. Those
enrolled in school in the previous period are more likely to be employed, suggesting that youth time
their dropout decisions well.31 Employment is quite sensitive to macro conditions, with a precisely
estimated negative coefficient on the bad macro environment dummy.
Column (3) presents parameter estimates from the enrollment utility function of the dynamic
discrete choice model, i.e., the coefficients from (3).32 The coefficient for black shows that blacks
are (conditionally) more likely to enroll in school than coloureds, consistent with the shorter school
careers of coloured youth. The schooling coefficient is negative, reflecting increasing dropout rates
31

The positive coefficient on enrollment in the previous period could also reflect anticipatory job search while in
school, but the low rates of simultaneous enrollment and labor force participation mentioned earlier suggest otherwise.
32
A note on the interpretation of coefficients from the enrollment equation in Table 5: as is well known, logit
coefficients such as these are identified only up to scale. Because the units of the labor market utility function (as
well as the school fee term in the enrollment utility function) are in South African rand per year (ten thousands, base
year 2002), so too are the units of the enrollment utility coefficients, provided the scale parameter of the i.i.d. Type
I extreme value shocks is unity, as assumed.
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over school careers, with a large negative coefficient upon high school graduation. The coefficients
on recent and cumulative failure are negative and precisely estimated, representing strong evidence
in favor of the hypothesis that youth dynamically update their enrollment behavior based on past
schooling outcomes.
Since the school fee term in the enrollment utility function (3) accounts for the direct costs of
schooling, the negative sign on the indicator for high school graduate may reflect any of several
impediments to higher education: greater psychic costs, difficulty in obtaining admission, or credit
constraints. The coefficients on all household income terms are negative, which may reflect the
accumulated disadvantage of poverty, credit constraints in school financing, or both. The argument
for credit constraints strengthens when considering the negative interaction terms on high school
graduate and indicators for the first two household income quintiles, which means that conditional
on high school graduation, youth from poorer households are less likely to enroll in post-secondary
education, as also found by Lam et al. (2010). Pension recipients in the household may also provide
transfers to youth to fund their studies, as suggested by the positive coefficient on co-residence
with a pension-eligible grandparent. Ultimately, however, the model cannot determine whether
lower post-secondary enrollment by poorer youth stems from credit constraints or accumulated
disadvantage.
Coefficients for the wage equation (parameter γ) presented in column (4) generally show the
expected pattern with respect to demographic, schooling and ability variables, with a large wage
return to higher education evident in the high school graduate slope coefficient. A bad macro
environment dampens wages, as expected. The school fee regressions reported in Table A2 show
that fees are lower for blacks, likely reflecting lower school quality. School fees increase with grade
level, with a large and discontinuous jump in post-secondary schooling.

4.2

Model fit

Figure 4 assesses model fit by comparing observed versus predicted grade advancement (panel [a])
and employment (panel [b]), corresponding to the transition equations (5) and (4), respectively.
The model fits the data well for both types of transitions, performing poorly only in the early and
post-secondary grades where the data is particularly noisy.33 Figure 5 plots enrollment probabilities
for various state variables. The model does well in predicting enrollment by completed schooling
(panel [a]), except in the final levels of post-secondary schooling, where small sample sizes make
prediction more difficult. The model also does well in predicting enrollment as a function of previous
33

Because the model begins at age 12 and relatively few students advance to post-secondary schooling, there are
few observations with less than 4 or more than 12 years of schooling, as shown in the histogram (right axis) overlaying
Figure 4.
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school failure, reflecting students’ learning about their academic ability: in panel (b), agents in the
data and the model are less likely to enroll following a failed grade, which is also true in the case
of cumulative failures, as in panel (c). Panels (b) and (c) show that the model captures how youth
dynamically update their behavior based on past schooling outcomes.
Another important dimension of fit to consider is whether the model can replicate the patterns
of dropout and re-enrollment observed in the data. Figure 6 presents observed and predicted
dropout and re-enrollment rates by completed schooling.34 The model predicts the stylized pattern
of dropout fairly well, accurately capturing the rise of dropout through the end of secondary school,
although the predicted magnitudes are sometimes quite different from the data at particular levels
of schooling. Similarly, the model predicts the secular rise in re-enrollment through the secondary
and post-secondary school years (despite noise in the early grades due to small sample sizes).

4.3

Robustness checks

The model of this paper treats transitions between high school and post-secondary education and
transitions between schooling and labor force participation in the same framework. Although
enrollment preferences and the returns to schooling may change discontinuously at high school
completion, one might worry that school to work transitions for those with post-secondary schooling
are fundamentally different than for those without. To explore this possibility, I re-estimate the
model using only observations from youth not enrolled in post-secondary schooling.
Table A3 shows results from the sample with no post-secondary schooling. Results are qualitatively similar to those from the full sample presented in Table 5. In particular, youth who never
enroll in post-secondary schooling are more likely to drop out of school as a function of cumulative
grade failures, just as in the full sample. This result suggests that the process of dynamic updating
of the expected relative returns to enrollment versus labor force participation is similar for these
youth. Those who failed recently tend to remain enrolled, however, suggesting that youth who have
not completed secondary view grade failure as a more surmountable obstacle than those who fail
in post-secondary, where failure is more rare.
One may also be concerned that my assumptions about how forward-looking youth are drives my
results. In particular, one might worry that results will change dramatically depending on my choice
of the discount factor β or the time horizon T . Table A4, which presents estimates of the enrollment
utility parameter (α) under alternative scenarios for β and T , shows that this is not the case.35
34

To calculate predicted values, I simulate 50 enrollment histories for each observation, using the state variable at
age 12 (the first decision period) as the initial condition.
35
Estimates of the enrollment utility parameter α only are shown because this is the only structural parameter that
depends explicitly on the discount factor β and the time horizon T in the model. All other structural parameters
remain unchanged.
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In columns (1) and (2), T is set to ages 52 and 65 (from 60 in the main estimates), respectively;
T = 52 corresponds to South African life expectancy in 2006, while T = 65 corresponds to the age
of public pension eligibility for males prior to a recent change in the law (and therefore may have
been the retirement age males had in mind when making enrollment choices). In columns (3) and
(4), β is set to 0.5 and 0.9, respectively (from 0.95 in the main estimates). Across all columns,
coefficients are generally qualitatively similar to those from the main results in column (3) of Table
5. In particular, the roles that recent and cumulative failures play in enrollment decisions do not
depend on these changes to the time horizon of the model, consistent with dynamic updating.36

4.4

Alternative explanations of observed enrollment behavior

Several alternatives to my preferred “dynamic updating” hypothesis could explain the observed
enrollment patterns, among them: 1) responses to household shocks; 2) preferences for leisure; 3)
credit constraints and the need to accumulate savings; and 4) behavioral explanations. I address
each of these in turn.
Responses to household shocks. Youth experiencing household shocks, such as a parent’s job
loss or the severe illness of a household member, may choose to change their enrollment behavior
abruptly as a result. Unfortunately, the available life history data are not rich enough for me
to model or otherwise rule out the role of such shocks. The most detailed data on household
shocks are available only during the period of the survey waves (2002-2006). In this limited panel,
household shocks are not statistically associated with dropout (after controlling for grade failures,
work experience, age, schooling and individual fixed effects), though contemporaneous shocks do
reduce re-enrollment by 2 percentage points, as shown in Table A5, which presents linear probability
models for dropout and re-enrollment in response to household shocks.37 Additional data on
household characteristics available throughout youth life histories include marriage, pregnancy, and
co-residence with parents or grandparents, which are more properly modeled as endogenous choices
rather than external shocks, and would therefore require a richer model.38 However, the model in
its current form is consistent with the presence of household shocks, either through their effects on
36
I conducted an additional robustness check in which I estimated the model without the exclusion restrictions
indicated in Table 1. Again, the results (not shown, but available upon request in an unpublished appendix) are
qualitatively similar to those of the preferred model of Table 5. In particular, youth respond to both recent and
cumulative grade failures by enrolling less, as do youth who gain both recent and cumulative work experience, just
as conjectured.
37
This evidence is generally consistent with Lam et al. (2010), who find using CAPS data that household shocks
(measured in Wave 3) do not significantly affect post-secondary enrollment.
38
Empirically, pregnancy does not play a prominent role in dropout decisions: among new dropouts’ self-reported
reasons for leaving school, girls cite pregnancy 5% of the time, though the data is hampered by high rates of nonresponse.
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observable outcomes (such as grade advancement and employment) or through the unobservable
(to the econometrician) state variable .
Preferences for leisure. Some youth may prefer to take some time off from school occasionally
and enjoy a period of leisure. Such a preference for leisure would be particularly likely at or near
the completion of secondary school, when youth might wish to enjoy a “gap year” before continuing
their studies. Yet the proportion of youth who cite economic factors (rather than other reasons
more likely to signal a preference for leisure) as the reason for dropout increases to 23% among
those with 12 years of schooling (compared to 12% for those with less than 12 years of schooling),
precisely when we would expect youth to be taking a “gap year.”39 Moreover, a sizable fraction
(21%) of the sample drops out and re-enrolls prior to completing high school (see Table 2), before
the typical “gap year” ages. This suggests that preferences for leisure, in the form of an extended
period of non-enrollment, are not driving dropout and re-enrollment rates.
Credit constraints. If youth are credit constrained, they may need to drop out of school temporarily in order to accumulate savings, and re-enroll when they have saved enough to pay school
fees. The relatively high rates of youth from the poorest households citing school fees as their reason for dropout (Table A6) are consistent with credit constraints. In the model I follow the existing
literature (such as Cameron and Heckman 2001, Carneiro and Heckman 2002, Lam et al. 2010)
and allow household income to proxy for credit constraints. Specifically, I include indicators for
lower household income quintiles and their interaction with an indicator for high school graduation;
the negative coefficients I find on these terms in Table 5 are consistent with the presence of credit
constraints for youth from the poorest households. Yet my finding that youth dynamically update
their expectations of the relative returns to enrollment versus labor market participation persists
in the presence of these proxies for credit constraints.
Behavioral explanations. Many behavioral explanations are possible for the observed enrollment
patterns, such as myopia or asymmetric information about the relative returns to schooling versus
labor market participation. Although I do not test such alternative behavioral hypotheses directly,
the model’s good fit with the data suggests that these youth behave as rational, forward-thinking,
and well-informed agents.
39

Economic reasons for dropout include work, job search, or not being able to afford school. Non-response is the
modal reason for not enrolling in school among dropouts, but the increase in those citing economic factors among
high school graduates suggests that preferences for leisure do not drive dropout at that stage.
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Policy Simulations

In this section, I return to the motivating question of the paper: how important is the opportunity
to re-enroll in the school to work transition of South African youth? To answer this question, I
simulate a counterfactual scenario in which the option to re-enroll in school following dropout is
restricted, and explore how enrollment decisions and outcomes change as a result. I also consider
other policy simulations that potentially alter the incentives for enrollment versus labor market
participation: compulsory schooling and a subsidy for post-secondary school fees. For each set of
simulations, I simulate 50 enrollment histories for each observation in the data, using age 12 as the
initial condition.

5.1

Restricted re-enrollment

Given the prevalence of re-enrollment among youth in the sample, it is natural to ask what role the
option to re-enroll plays in decisions about schooling and labor market participation. Youth who
know that they may re-enroll in school after a labor market spell may invest differently in human
capital than those for whom labor market participation is a terminal action. The model developed
in this paper is well-suited to explore the ramifications of the option to re-enroll. By fully specifying
the enrollment choice environment for youth and recovering its structural parameters, the model
may be adapted to consider a counterfactual scenario in which the option to re-enroll is restricted.
I modify the model by restricting re-enrollment prior to completion of high school, making labor
market participation before completing grade 12 an absorbing state. I still allow for re-enrollment
after high school completion, because restricting re-enrollment in the transition between secondary
and post-secondary education seems particularly unrealistic. Although this scenario of restricted
re-enrollment is admittedly extreme (and possibly unenforceable under the existing educational
infrastructure in South Africa), it provides a useful thought experiment to assess empirically the
importance of the re-enrollment option. The exercise is similar in spirit to that of Heckman and
Urzua (2008), who simulate the elimination of the General Educational Development certificate
(GED), a high school equivalency certificate available in the U.S. that is typically earned by high
school dropouts who later re-enroll. Comparing simulated enrollment probabilities and completed
schooling to analogous simulation results from the unrestricted model provides an assessment of
how the option to re-enroll influences youth schooling choices and outcomes. The expected effects
of such a policy are ambiguous: although restricting the freedom to enroll in school among a
subpopulation (in this case, dropouts) ought to depress enrollment rates, potential dropouts facing
no possibility of returning to school may choose to remain in school as a result, causing overall
enrollment rates to rise.
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Figure 7 shows enrollment and dropout probabilities from the data, the unrestricted model, and
the restricted re-enrollment simulation. Enrollment rates in the restricted re-enrollment scenario
exceed observed and predicted (from the unrestricted model) enrollment rates through much of
the schooling distribution (panel [a]), particularly among those with completed schooling of 3-13
years, where the bulk of person-year observations occur. The magnitude of these increases are
striking: for example, 93% of those with 10 years of schooling enroll in school under the restricted
re-enrollment scenario, compared to 55% in the data and 62% in the unrestricted model. Dropout
rates are correspondingly lower in the restricted re-enrollment simulation (panel [b]). The intuition
for these results is that youth facing restricted re-enrollment will be less willing to experiment in
the labor market if the opportunity cost includes not only foregone human capital during a short
labor market spell, but also foregone human capital in all future periods.
Table 6 shows the distribution of completed schooling at age 20 from the data and the restricted
re-enrollment simulation. Column (1) reports the percentage of the sample in each schooling category under simulation of the unrestricted model; column (2) reports percentages under the restricted
re-enrollment simulation; and column (3) reports the difference (standard errors in parentheses).
The results show a clear rightward shift in the schooling distribution. The shares of the sample
completing high school or attaining some post-secondary education climb by 1.5 and 4.7 percentage
points, respectively, with corresponding declines in the lower schooling categories. The results are
robust to altering how forward-looking youth are when making enrollment choices: setting the discount factor to β = 0.5 (from β = 0.95) in an otherwise identical simulation, the share completing
at least 12 years of schooling by age 20 increases by 2.2 percentage points, compared to the 6.2
percentage points of the baseline simulation.
The results are qualitatively similar to those of Heckman and Urzua (2008), who use a structural
schooling model to find that elimination of the GED would increase secondary completion by 2.1
percentage points in the U.S.40 In both cases, restricting the option to re-enroll reduces dropout.
While the magnitudes of the effects I find are larger, the large share of my sample re-enrolling in
school prior to completing grade 12 (21%) suggests that the restricted re-enrollment policy should
indeed have a dramatic effect on the incentives faced by many youth.
A final note is in order on the welfare implications of the restricted re-enrollment simulation
considered here. Restricted re-enrollment imposes costs on youth, even if it induces some to remain
in school longer and complete more schooling than they otherwise would. In the unrestricted model,
the possibility of re-enrollment confers option value on agents who have dropped out. Youth who
choose to disenroll and re-enroll do so rationally. As forward-looking agents who compare the
40
Similarly, Heckman, LaFontaine and Rodriguez (2008) find, using a panel of U.S. states, that an increase in the
difficulty of passing the GED test reduced high school dropout rates.
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present value of enrollment and labor market participation in each period, their dropout and reenrollment decisions are rational responses to shocks such as school failure and unemployment. Any
restricted re-enrollment policy reduces youth welfare by shrinking their choice set. From a social
welfare perspective, restricted re-enrollment is efficient only if the resulting reduction in school
dropout generates sufficiently high social returns, which I do not model in this paper. This same
caveat about welfare implications applies to other policy simulations as well, in particular to the
compulsory schooling simulation considered below.

5.2

Compulsory schooling

Schooling is compulsory in South Africa from ages 7 to 15 (or until completion of grade 9, if this
occurs before age 15). Child labor laws also prohibit employment by those under age 15. In the
data, however, truancy rates in ages 12-15 reach as high as 9%, with child labor rates as high as 22%
among truants. Therefore, the model of this paper assumes that neither the compulsory schooling
nor child labor laws are enforced. I use the model to simulate the enforcement or extension of
these laws by restricting youth to be enrolled in school until a certain age; this restriction models
enforcement of both the compulsory schooling and child labor laws because youth in the model may
only work if they are not enrolled in school. The results of the simulation shed additional light on
the option to re-enroll because compulsory schooling removes the option to drop out and re-enroll
during that period.
Table 7 presents simulation results when schooling is compulsory through ages 15 and 16
(columns [2] and [3], respectively).41 Panel (a) shows the percentage of the sample in each schooling
category at age 20, while panel (b) reports differences between the compulsory schooling simulation and the unrestricted model. Compulsory schooling leads to a redistribution of youth from the
lower schooling categories (12 years or less) to the highest schooling category (more than 12 years).
Enforcing compulsory schooling until age 15 (the existing law), for instance, leads to a decrease of
1.5 percentage points in those completing less than 9 years of schooling, and a 0.2 percentage point
decrease in those with between 9-11 years. The effects are larger in magnitude when extending
compulsory schooling to age 16.
The results are qualitatively similar to those of the restricted re-enrollment simulation: in each
case, the policy shifts youth up the schooling distribution by age 20. These results are consistent
with each other because each policy increases the cost of early dropout (or completely restricts it,
in the case of compulsory schooling), changing the incentives for youth who might otherwise end
their schooling careers. For both simulations, however, the restrictions come at the cost of reducing
41

As before, I simulate 50 enrollment histories for each observation under both the unrestricted model and the
compulsory schooling policy, using the state variable at age 12 as the initial condition.
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youth’s choice sets, and therefore their individual welfare.

5.3

Post-secondary schooling subsidy

Given the sharp increase in school fees for post-secondary education (Table A2), I also consider
how a subsidy for post-secondary education would affect enrollment. Specifically, I simulate a
25% reduction in school fees for post-secondary education by modifying the school fee term in the
enrollment utility function (3) to reflect the subsidy. The post-secondary fee subsidy has small
effects on the proportion of the sample enrolling in post-secondary school by age 22. Table 8 shows
that in the full sample, the subsidy increases post-secondary enrollment by 0.6 percentage points.
The subsidy has slightly larger effects on youth from the first two quintiles of household incomes,
the groups that we would expect to respond most to the subsidy, but here the 0.7 percentage point
increases are not statistically significant. The results suggest that fees do not explain much about
post-secondary enrollment patterns.
The results from each policy simulation may be compared directly to the others because I use the
same random draws to simulate the model under each policy. The policies have qualitatively similar
effects: each policy shifts the distribution of completed schooling to the right, though the effects
of the post-secondary schooling subsidy are statistically indistinguishable from zero. Restricted
re-enrollment has a greater effect on the distribution of schooling than enforcement and extension
of compulsory schooling, demonstrating the importance of the option to re-enroll in the schooling
decisions of South African youth.42

6

Conclusion

In this paper, I quantify the importance of school re-enrollment in the school to work transition
of South African youth. Specifically, I formulate a dynamic discrete choice model of the transition
between school and work, and estimate it using a panel of young South Africans. The model
accounts for uncertainty in schooling and labor market outcomes, and allows for dynamic updating
of expected returns based on the outcomes of past choices. The model also allows students to
re-enroll in school after a spell in the labor market, a frequent choice by South African youth but
one that is largely ignored in both the literature on South Africa and in prevailing dynamic human
capital models. Each of these features of the model – uncertain outcomes, dynamic updating of
42

Note that all simulations ignore any general equilibrium effects that may result from the policies under consideration, following the partial equilibrium nature of the underlying model. To the extent that each policy induces
youth to remain in school longer and alleviates pressure on the youth labor market, these results may represent upper
bounds on the true policy effects.
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expectations, and the option to re-enroll – are missing from standard static human capital models,
but are essential to understand the difficult transitions between school and work faced by South
African youth.
Structural parameter estimates confirm the hypothesis that youth dynamically update their
expectations about the relative returns to enrollment versus labor market participation based on
schooling and labor market outcomes. Evidence of such dynamic updating is a key finding of this
paper. The model replicates basic patterns of grade advancement, employment and enrollment
observed in the data, according to characteristics such as completed schooling and recent and
cumulative school failures. The estimated parameters also capture the stylized pattern of dropout
and re-enrollment throughout the schooling distribution, making the model an appropriate basis
for policy simulation.
I use the estimated structural parameters of the model to conduct several policy simulations
that alter the incentives for enrollment versus labor market participation. In the first simulation,
I restrict the option to re-enroll in school before completing grade 12, making the labor market
an absorbing state for those who drop out prior to completing high school. Enrollment rates
rise sharply under this restriction on re-enrollment, relative to both the data and results from the
unrestricted model. The re-enrollment restriction increases the proportion of the sample completing
at least 12 years of schooling by 6 percentage points. The results show that the option to re-enroll
is an important component of the incentives South African youth face when making schooling
decisions.
Simulations of the enforcement and extension of compulsory schooling show qualitatively similar
effects as the restricted re-enrollment policy: in each case, the proportion of the sample completing
12 years of schooling or less falls, while the proportion completing more than 12 years increases.
Simulation of a 25% fee subsidy for post-secondary education shows only a small effect on the
proportion of the sample enrolling in post-secondary schooling, however. The results suggest that
increasing the opportunity cost of school dropout (as in the restricted re-enrollment and compulsory
schooling simulations) can have dramatic effects on youth enrollment decisions. Youth are less
responsive to changes in the direct costs of schooling, however.
These policy simulations illustrate how enrollment behavior changes in the context of the model,
and are therefore useful for quantifying the importance of various features of the school to work
transition for young South Africans. It is important to remember, however, that each policy
may impose important costs on public budgets (in the case of the post-secondary fee subsidy, for
instance) or on youth (limiting choice through restricted re-enrollment or compulsory schooling)
that are not considered in this paper. Proper policy guidance would require a more comprehensive
cost-benefit analysis that builds on the results here.
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The model of this paper is quite general, and allows for straightforward extensions such as
job search or employment while enrolled, or choice of educational path (e.g., academic versus
vocational), that I will explore in future work. Its emphasis on uncertainty, academic and labor
market shocks, and the option to re-enroll is appropriate for the South African context, where
high grade repetition and unemployment make the school to work transition especially difficult.
Nonetheless, the model may be relevant for other contexts as well, not only for other developing
countries where youth face similarly difficult circumstances, but also developed countries in which
educational choices for dropouts are an increasingly important part of human capital investment.
In the United States, for instance, the prevalence of high school dropouts obtaining the GED or
mid-career workers enrolling in community or for-profit colleges makes the option to re-enroll an
important consideration for students.
The key findings of the model – that youth update their expected returns and enrollment
decisions based on past schooling and labor market outcomes; that youth alter their enrollment
behavior when the option to re-enroll after dropout is restricted; and that youth respond similarly
to other changes in the costs and benefits of enrollment – suggest that a dynamic framework is
essential for understanding the school to work transition in South Africa.
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Education in South Africa

The South African education system includes primary (grades 1-7), secondary (grades 8-12) and
post-secondary (grades 13 and above) levels. Schooling is compulsory for youth aged 7-15 or through
completion of grade 9 (whichever comes first), but I treat this regulation as non-binding due to the
presence of non-enrolled youth in this age range in the data. To enter post-secondary schooling,
students must pass a nationally standardized “matric” exam at the completion of grade 12. Postsecondary education includes both academic and vocational programs (universities of technology,
formerly Technikons). Additionally, students at the secondary level may enroll in technical colleges
or vocational National Training Certificate (NTC) programs.43 For simplicity, I do not distinguish
between academic and vocational education in the model. Private schools serve less than 3% of
the student population in South Africa, according to government statistics; in the Western Cape
province the figure is 3.1% (Fiske and Ladd 2004).
The government subsidizes public education, but students must pay fees to attend and such
fees vary considerably among schools. Public schools are self-governing and are free to set their
own admissions policies and fees (subject to provincial government approval). Although admissions can not discriminate based on race, test scores, or ability to pay fees, prevailing patterns of
residential segregation serve to maintain quality differences among schools. Moreover, despite legal
prohibitions, Fiske and Ladd (2004) conclude that “there is little doubt that many schools consider a family’s likely ability to pay their fee when making admissions policy” (p. 143). Although
low-income families may qualify for fee exemptions under a policy adopted in 1998, only 2.5% of
primary school students and 3.7% of secondary school students receive the exemption (these figures
rise to 4.1% and 5.7%, respectively, in historically white schools; Fiske and Ladd 2004). At the
post-secondary level, the South African government offers subsidized loans to qualified students
who pass a means test through the National Student Financial Aid Scheme (NSFAS), and individual institutions also offer financing. Private banks also offer student loans at market interest
rates.

B

Data Definitions

The data come from retrospective life history data collected in Wave 1 of CAPS, augmented with
life events recorded in Waves 2-4.44 The Wave 1 retrospective life histories record events by youth’s
age, where age refers to the age at which the event occurred in the case of living arrangements and
marriage, and to age at the beginning of the calendar year in the case of enrollment and progression
through school, labor force participation, and pregnancy. I follow this convention in mapping Wave
2-4 responses to youth’s age.
43

See Appendix B for information on mapping NTC programs to grade levels.
The Cape Area Panel Study Waves 1-2-3 were collected between 2002 and 2005 by the University of Cape Town
and the University of Michigan, with funding provided by the US National Institute for Child Health and Human
Development and the Andrew W. Mellon Foundation. Wave 4 was collected in 2006 by the University of Cape Town,
University of Michigan and Princeton University. Major funding for Wave 4 was provided by the National Institute
on Aging through a grant to Princeton University, in addition to funding provided by NICHD through the University
of Michigan.
44

30

Bumpy Rides: School to Work Transitions in South Africa

Todd Pugatch

I make several sample restrictions. I keep only those observed until at least age 18. Those who
report advancing two or more grades in a year, or without continuous information on enrollment,
are dropped from the sample. I drop those who report entering school prior to age 4 or exiting
school after age 24 (which effectively sets Td = 24 as the decision horizon).45 I also drop those whose
educational histories, by the definitions below, place them with more than 16 years of completed
schooling. The restriction on observing a person until at least age 18 accounts for more than
two-thirds of those dropped from the sample.
Schooling level covers grades 1-16, with National Training Certificate (NTC) I, II and III mapped
to grades 10, 11, and 12, respectively.46 Students enrolled in university or Technikon programs that
include grade 12 are considered enrolled in grade 12. Reporting successful completion of the grade
level or reporting enrollment in a higher grade level in a subsequent year is considered passing
the level for grades 1-12. Beginning at grade 13, reporting successful completion of the grade
level or “no grade/continuing” are considered passing the level, up to a maximum of 16 years
completed schooling. I make this distinction because “no grade/continuing” is the modal response
for those enrolled in the post-secondary education sector, indicating that most youth are continuing
in their programs of higher education, whereas “passing” reports at these levels drop considerably.
Unfortunately, I am unable to determine whether students are making satisfactory progress towards
degree completion. All other results while enrolled are considered failure. I define “dropout” as
disenrollment following a year of enrollment, and “re-enrollment” as enrollment following a year
of non-enrollment. Schooling histories in which levels regress with age are re-coded so that such
regression can not occur. Grades failed represent the accumulation of periods of enrollment in
which the agent did not pass the grade, and therefore may include events such as withdrawal,
illness or residential moves rather than outright academic failure. I top-code grades failed and work
experience since age 12 at 3 and 4, respectively, which reduces the dimension of the state space
while still accurately capturing more than 99% of the person-year observations in the sample.
Labor force participation variables (i.e., work and search) and wages are conditional on nonenrollment at a given age, where reports of enrollment supersede reports of labor market participation. School fees are conditional on enrollment, and include total household expenditure on fees
and other educational expenses in real rand per year (base year 2002). Wages are full-time annual
equivalent based on 160 working hours per month (those reporting monthly hours above 160 are
considered full-time and do not receive an adjustment). Wages and school fees are available only
at the time of the interview, rather than as retrospective histories; predicted values are imputed
based on observed characteristics for purposes of estimation. For both expected wages and school
fees, I replace predicted values below the minimum value observed in the sample with the first percentile from the data, in order to avoid non-positive predicted values and extreme outliers. Work
experience includes only those periods of simultaneous work and non-enrollment; I exclude work
experience while enrolled in school.47
45

Reporting school entry prior to age 4 is more likely to reflect measurement error than childhood precociousness,
in my view. Few observations are available in the data after age 24 (less than 20% of the sample is observed beyond
24, due to starting ages in Wave 1 and attrition), raising concern that estimating the model with these enrollment
choices will result in severe finite-sample bias.
46
NTC conversion based on coding in CAPS, derived variable w1h higrd.
47
Work or search while enrolled peaks at 3.2% across all grade levels, and never exceeds 2% during grades 1-12.
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Other covariates are largely self-explanatory. Ability quartiles refers to in-sample rank of ageadjusted score on the literacy and numeracy evaluation (LNE) administered to all CAPS respondents in Wave 1. Unfortunately, because this ability measure was taken in Wave 1, when the
sampled youth were at least age 14, it is not predetermined with respect to enrollment choices in
the model, which begins at age 12. I include it, however, because it is a measure common to all
in the sample, and therefore helps to distinguish between the role of ability and human capital
investment in labor market returns. To mitigate bias in the LNE score due to age differences in
Wave 1, I adjust for age as follows: using the estimation sample, I regress the standardized literacy and numeracy evaluation (LNE) score on age and age squared at Wave 1 (when the test was
administered) and get predicted residuals. I then sort observations into quartiles based on these
residuals. Household income quintiles are derived from the distribution of household per capita
income reported in Wave 1 of CAPS.48 The pension-eligible grandparent indicator is set to one
if the young adult reports living with a grandparent at the given age and there is at least one
grandparent on the household roster who is of pension-eligible age (60 for females, 65 for males).
The variable definition also makes note of changes in the household roster reported in Waves 2-4.
I calibrate the wage-age profile for years following the decision horizon (i.e., from periods Td + 1
to T ) using the 10% public use micro-sample of the 2001 South African Census. First, I define the
estimation sample as native-born residents of urban areas in Western Cape province (which includes
metropolitan Cape Town, from which CAPS respondents are drawn) who are ages 25-64, in the labor
force, and classify themselves as one of the three major racial groups (white, black, or coloured). I
also exclude the self-employed and unpaid workers, leaving a sample of n = 111, 772. I then predict
employment and income by running logit and OLS regressions, respectively, using as controls race
and gender dummies, years of schooling, a high school graduate dummy, race-schooling and racehigh school graduate interactions, age and age squared.49 I then create an expected income variable
\ = Pr(work)×
\
\
for each observation as the product of these predicted values (i.e., E(income)
income),
and regress expected income on the same set of controls. I save the coefficients on age and age
squared from this regression for use in the wage equation of the structural model; the coefficients
on age and age squared are 3,695.3 and -45.9, respectively.50 The macro environment variable is
based on the South African employment/population ratio for 15-24 year olds, from the World Bank
Africa Development Indicators.
All variables measured in monetary values used in this paper are in real South African rand
per year (base year 2002), unless otherwise noted. The South African rand traded at 10.3 per US
dollar in August, 2002 when CAPS Wave 1 began.
48

Due to non-response, 7% of the sample uses imputed values for household income, based on multiple imputation
conducted by CAPS.
49
The included controls are the largest subset (other than age variables) of the controls used in the structural
model that are available in the Census. Note that interactions of schooling and the high school graduate dummy are
not included because the maximum years of schooling reported in the Census is 13. I use income rather than wages
because the latter are unavailable in the Census. I adjust income to 2002 South African rand to be consistent with
the base year of CAPS.
50
Since I care only about the coefficients, inconsistent estimation of their standard errors due to the generated
outcome variable is not problematic in this context.
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Table 1: Elements of observable state space X and exclusion restrictions

Variable

Description

Time-invariant (X0 ):
race
I(race=black)
g
I(female)
s0
I(schooling≥ 6 at t = 0)
zq
I(ability quartile=q)
yq
I(household income quintile=q)
for q =1,2
Time-varying (Xt ):
s
schooling
ftot
total grades failed since t = 0
f
I(failed last grade enrolled)
xtot
work experience
x
I(worked last period not enrolled)
HSG
I(high school graduate)
sps
post-secondary schooling
yq ∗ HSG interactions between yq and HSG
gp
pension-eligible grandparent
d−1
I(enrolled last period)
ζ
I(bad macro environment)†
†A

enrollment

passing

wage/
employment

x
x
x
x
x

x
x
x
x

x
x
x
x

x
x
x

x
x
x

x

x
x
x
x
x

x
x
x
x

x
x
x
x
x
x
x

bad macro environment is a year in which the employment/population ratio for 15-24 year olds is less than 25%. Between
1991-2006, this occurred in 2002-2003.
Note: “x” denotes inclusion in equation, by column. Enrollment refers to equation (3); passing refers to (5); wage/employment
refers to (2) and (4).
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Table 2: Summary statistics

Variable
female
black
coloured
age of school entry
age last enrolled
completed schooling
grades failed
schooling at age 12
LNE score
ever re-enrolled
ever re-enrolled, grade 1-12
passed matric (high school)
ever enrolled in post-secondary
ever worked
work experience
wage (FTE, max.)

Obs.
3374
3374
3374
3374
3374
3374
3374
3374
3374
3374
3374
3374
3374
3374
3374
2340

Mean
0.54
0.34
0.66
6.3
17.6
10.5
1.4
5.3
0.00
0.31
0.21
0.42
0.18
0.53
1.1
32,960

Std. Dev.
0.50
0.47
0.47
1.1
2.3
2.1
1.3
1.3
0.90
0.46
0.41
0.49
0.38
0.50
1.3
28,222

LNE score is from literacy and numeracy evaluation administered in CAPS Wave 1, normalized to mean zero and standard
deviation one. Wage is annual full-time equivalent based on 160 monthly hours, maximum over all individual’s observations in
panel, in South African rand (real, base year 2002). Survey weights applied.

Table 3: Choices and outcomes by completed schooling

enrollment
failure
dropout
re-enrollment
employed
wages
school fee

Completed
<9
9 − 11
0.77
0.55
0.11
0.28
0.06
0.23
0.04
0.14
0.18
0.26
19,914 24,471
398
1,188

Schooling
12
> 12
0.17
0.45
0.13
0.03
0.68
0.35
0.10
0.21
0.40
0.44
29,833 43,269
7,089 10,307

Cells report survey-weighted fraction of relevant person-year observations in each category, based on completed schooling
at beginning of year. Enrollment proportions are unconditional. Failure conditions on enrollment. Dropout conditions on
enrollment in previous year. Re-enrollment conditions on non-enrollment in previous year. Employment conditions on nonenrollment. Wages conditions on employment. School fee conditions on enrollment. Wage is annual full-time equivalent based
on 160 monthly hours, maximum over all individual’s observations in panel, in South African rand (real, base year 2002). School
fee in South African rand (real, base year 2002).
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Table 4: Transition matrices between enrollment and non-enrollment

t−1

enrolled
of which:
passed
failed
not enrolled
of which:
worked
unemployed

Full sample
enrolled not enrolled
0.81
0.19

t
< 12 years schooling
enrolled not enrolled
0.85
0.15

≥12 years schooling
enrolled not enrolled
0.44
0.56

0.87
0.49
0.10

0.13
0.51
0.90

0.92
0.50
0.10

0.08
0.50
0.90

0.46
0.04
0.12

0.54
0.96
0.88

0.04
0.13

0.96
0.87

0.01
0.12

0.99
0.88

0.07
0.14

0.93
0.86

Cells show transitions from state at time t − 1 to state at time t. Survey-weighted means reported.
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Table 5: Structural parameter estimates

equation
parameters
black
female
I(schooling≥ 6, age 12)
ability quartile 2
ability quartile 3
ability quartile 4

(1)
pass
φe
0.21
(0.08)
0.26
(0.05)
0.57
(0.06)
0.46
(0.06)
0.72
(0.07)
1.57
(0.09)

(2)
work
φj
-0.98
(0.07)
-0.42
(0.06)
-0.15
(0.06)
-0.24
(0.08)
0.04
(0.09)
0.17
(0.09)

-0.35
(0.02)
1.58
(0.16)
1.13
(0.26)
-0.11
(0.13)
-0.01
(0.11)

0.27
(0.03)
0.45
(0.09)
0.03
(0.04)

HH income quintile 1
HH income quintile 2
schooling
high school graduate
post-secondary schooling
failed last grade
enrolled
cumulative grades failed
since age 12
worked last period
not enrolled
work experience

2.40
(0.11)
0.01
(0.05)

HH income quintile 1*HSG
HH income quintile 2*HSG
pension-eligible grandparent
enrolled last period

-0.24
(0.09)
-0.23
(0.13)

I(bad macro environment)
constant

(3)
enrollment
α
3.12
(0.20)
0.31
(0.13)
0.74
(0.14)
0.08
(0.16)
-0.17
(0.17)
-0.65
(0.22)
-0.77
(0.10)
-0.66
(0.10)
-0.17
(0.08)
-10.36
(0.95)
-0.02
(0.57)
-2.92
(0.67)
-1.21
(0.19)

3.63
(0.26)

N
ln L
R2

(4)
wage
γ
-0.65
(0.06)
-0.59
(0.06)
0.23
(0.07)
-0.02
(0.07)
0.07
(0.08)
0.66
(0.11)

0.14
(0.02)
0.03
(0.10)
1.08
(0.15)

-0.06
(0.08)
0.13
(0.03)
-0.53
(0.16)
-0.57
(0.22)
0.48
(0.22)
6.63
(0.29)

-0.10
(0.10)
0.23
(0.12)
-1.01
(0.11)
-3.82
-1.89
(0.28)
(0.63)
3,374
-2,296,703.0

0.05
(0.09)
(0.29)
(0.10)
-0.87
(0.07)
1.32
(0.17)
4,088
0.23

Sample is black and coloured youth from CAPS life history panel, ages 12-26. Parameter estimates obtained by first sequentially estimating
columns (1), (2) and (4); plugging initial estimates into partial likelihood function to obtain preliminary estimates of column (3); then conducting
one Newton iteration over full information likelihood function to obtain final estimates. Estimates in column (4) are initial estimates because these
parameters are not otherwise identified using full information likelihood function. All estimates use survey weights. All standard errors robust.
Wages are full-time equivalent, based on 160 hours of work per month, in tens of thousands of real rand per year (constant 2002 values). Model
units for enrollment equation same as wage equation. Cumulative failure since age 12 top-coded at 3. Work experience top-coded at 4. “Bad
macro environment” refers to employment/population ratio for 15-24 year olds below 25 percent.
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Table 6: Distribution of completed schooling at age 20 under restricted re-enrollment (before high
school completion) simulation

unrestricted
Completed schooling
< 9 years
9 − 11 years
12 years
> 12 years

(1)
8.1
(0.1)
39.8
(0.2)
17.4
(0.1)
34.7
(0.2)

restricted
re-enrollment
(2)
4.1
(0.1)
37.6
(0.1)
18.9
(0.1)
39.4
(0.2)

difference
(2)-(1)
-4.0
(0.1)
-2.1
(0.2)
1.5
(0.2)
4.7
(0.2)

Table shows distribution of completed schooling at age 20 in unrestricted model and under “no re-enrollment before high school
completion” simulation. Percentage of sample within each completed schooling category shown (standard error in parenthesis).
In simulation, 50 simulated histories are generated for each observation. Column (1) shows simulation results of unrestricted
model. Column (2) shows simulation results in which re-enrollment restricted prior to high school completion. Column (3)
shows difference is means, Column (1) minus Column (2). All results calculated using survey weights.
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Table 7: Distribution of completed schooling at age 20 under compulsory schooling simulation

Final compulsory
schooling age

unrestricted

age 15

age 16

(1)
(2)
(3)
Panel (a): percent of sample in schooling category
< 9 years
8.1
6.6
5.9
(0.1)
(0.1)
(0.1)
9 − 11 years
39.8
39.6
39.5
(0.2)
(0.2)
(0.2)
12 years
17.4
17.2
17.1
(0.1)
(0.1)
(0.1)
> 12 years
34.7
36.7
37.5
(0.2)
(0.2)
(0.2)
Panel (b): Difference (compulsory schooling minus unrestricted model)
< 9 years
-1.5
-2.2
(0.1)
(0.1)
9 − 11 years
-0.2
-0.3
(0.2)
(0.2)
12 years
-0.2
-0.3
(0.2)
(0.2)
> 12 years
1.9
2.8
(0.2)
(0.2)
Table shows distribution of completed schooling at age 20 in unrestricted model and under compulsory schooling simulation.
Percentage of sample within each completed schooling category (Panel [a]) or difference between compulsory schooling simulation
and unrestricted model (Panel [b]) shown (standard error in parenthesis). In simulation, 50 simulated histories are generated
for each observation. Column (1) shows simulation results of unrestricted model. Columns (2)-(3) shows simulation results in
which schooling made compulsory through ages 15 and 16, respectively. All results calculated using survey weights.
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Table 8: Proportion enrolling in post-secondary schooling by age 22 under post-secondary fee
subsidy

full sample
household income quintile
first (bottom)
second

Predicted
(no subsidy)
(1)
63.6
(0.2)

Predicted
(25% subsidy)
(2)
64.2
(0.2)

Difference

49.2
(0.4)
54.5
(0.4)

49.8
(0.4)
55.2
(0.4)

0.7
(0.5)
0.7
(0.6)

(2)-(1)
0.6
(0.3)

Table shows percentage of sample enrolling in post-secondary education by age 22, by indicated characteristic, based on model
simulation. In simulation, 50 simulated histories are generated for each observation. Column (1) shows simulation results of
unrestricted model. Column (2) shows simulation results in which post-secondary fees reduced by 25%. Column (3) shows
difference is means, Column (2) minus Column (1). All results calculated using survey weights. All results calculated using
survey weights.
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Table A1: Panel balance

full sample
black
coloured

N
3,374
1,714
1,660

Proportion
18
20
0.00 0.26
0.00 0.26
0.00 0.27

censored
22
0.57
0.55
0.57

at age
24
0.82
0.81
0.82

Cells show number of observations (N ) or percent of sample with missing enrollment information by age. Survey weights used
in calculation.

Table A2: Predicted school fees

black
schooling
high school graduate
constant
N
R2

-0.08
(0.02)
0.05
(0.01)
0.67
(0.05)
-0.28
(0.08)
2,644
0.28

Table shows coefficients in school fee prediction equation. Unit of observation is person-year, where school fees measured in
South African rand per year (ten thousands). In enrollment utility (3), school fee set to first percentile of school fee distribution
if predicted school fee falls below minimum observed school fee in sample. Survey weights used in regression.
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Table A3: Structural parameter estimates (no post-secondary schooling)

equation
parameters
black
female
I(schooling≥ 6, age 12)
ability quartile 2
ability quartile 3
ability quartile 4

(1)
pass
φe
0.31
(0.06)
0.27
(0.05)
0.58
(0.06)
0.43
(0.06)
0.77
(0.06)
1.60
(0.08)

(2)
work
φj
-0.89
(0.07)
-0.35
(0.06)
-0.14
(0.07)
-0.12
(0.08)
0.01
(0.09)
-0.12
(0.10)

-0.38
(0.02)

0.18
(0.05)
0.72
(0.09)

HH income quintile 1
HH income quintile 2
schooling
high school graduate
failed last grade
enrolled
cumulative grades failed
since age 12
worked last period
not enrolled
work experience

0.20
(0.11)
-0.56
(0.06)

pension-eligible grandparent

-0.10
(0.08)
0.11
(0.27)

enrolled last period
I(bad macro environment)
constant

3.61
(0.40)

N
ln L
R2

(3)
enrollment
α
3.10
(0.24)
0.15
(0.22)
1.92
(0.23)
0.41
(0.27)
0.70
(0.25)
1.47
(0.32)
-0.55
(0.25)
-0.73
(0.32)
0.21
(0.15)

(4)
wage
γ
-0.61
(0.06)
-0.64
(0.06)
0.22
(0.07)
0.00
(0.06)
0.06
(0.08)
0.64
(0.12)

0.15
(0.02)
0.06
(0.10)

0.78
(0.40)
-4.11
(0.16)
3.54
(0.17)
-0.37
(0.08)
-0.06
0.33
(0.09)
(0.23)
1.03
12.41
(0.10)
(0.37)
-1.77
(0.08)
-2.60
-4.13
(0.40)
(1.37)
3,374
-1,740,102.5

-0.13
(0.08)
0.14
(0.03)
0.00
(0.09)
-0.33
(0.09)
-0.81
(0.06)
1.26
(0.17)
3,763
0.19

Sample is black and coloured youth from CAPS life history panel, ages 12-26, excluding observations with post-secondary
schooling. Parameter estimates obtained by first sequentially estimating columns (1), (2) and (4); plugging initial estimates
into partial likelihood function to obtain preliminary estimates of column (3); then conducting one Newton iteration over full
information likelihood function to obtain final estimates. Estimates in column (4) are initial estimates because these parameters
are not otherwise identified using full information likelihood function. All estimates use survey weights. All standard errors
robust. Wages are full-time equivalent, based on 160 hours of work per month, in tens of thousands of real rand per year
(constant 2002 values). Model units for enrollment equation same as wage equation. Cumulative failure since age 12 top-coded
at 3. Work experience top-coded at 4. “Bad macro environment” refers to employment/population ratio for 15-24 year olds
below 25 percent.
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Table A4: Enrollment parameter estimates (robustness checks)

black
female
I(schooling≥ 6, age 12)
ability quartile 2
ability quartile 3
ability quartile 4
HH income quintile 1
HH income quintile 2
schooling
high school graduate
post-secondary schooling
failed last grade
enrolled
cumulative grades failed
since age 12
HH income quintile 1*HSG
HH income quintile 2*HSG
pension-eligible grandparent
enrolled last period
constant
N
ln L

(1)
T = 52
2.97
(0.38)
0.27
(0.14)
0.54
(0.13)
0.16
(0.18)
-0.11
(0.17)
-0.52
(0.21)
-0.68
(0.10)
-0.58
(0.10)
-0.04
(0.17)
-9.38
(1.33)
0.00
(0.66)
-2.58
(0.65)
-1.09
(0.44)
-0.64
(0.16)
-0.68
(0.20)
0.32
(0.21)
5.81
(0.39)
-2.59
(1.30)
3,374
-2,260,252.2

(2)
T = 65
2.99
(0.17)
0.31
(0.15)
0.84
(0.15)
0.14
(0.19)
-0.19
(0.19)
-0.61
(0.24)
-0.81
(0.13)
-0.72
(0.13)
0.01
(0.07)
-10.65
(1.10)
-1.16
(0.88)
-2.51
(0.65)
-1.72
(0.17)
-0.41
(0.16)
-0.47
(0.31)
0.42
(0.21)
7.37
(0.40)
-3.05
(0.64)
3,374
-2,309,604.1

(3)
β = .5
0.37
(0.06)
-0.25
(0.05)
0.35
(0.06)
0.24
(0.07)
0.30
(0.08)
1.14
(0.08)
-0.44
(0.07)
-0.36
(0.07)
-0.02
(0.02)
-2.59
(0.27)
1.17
(0.11)
-2.11
(0.10)
-0.74
(0.04)
1.22
(0.28)
1.07
(0.29)
-0.03
(0.08)
3.46
(0.07)
0.39
(0.17)
3,374
-2,135,589.8

(4)
β = .9
2.00
(0.14)
0.00
(0.10)
0.25
(0.11)
0.25
(0.13)
0.14
(0.13)
0.29
(0.16)
-0.38
(0.09)
-0.36
(0.09)
-0.06
(0.04)
-4.90
(0.41)
1.39
(0.59)
-1.89
(0.27)
-0.88
(0.08)
-0.50
(0.19)
-0.50
(0.22)
0.05
(0.17)
4.68
(0.18)
-0.94
(0.32)
3,374
-2,188,398.2

Table shows enrollment utility parameter (α) estimates under modifications to model, as indicated by column. All estimates
use survey weights. All standard errors robust, obtained by conducting one Newton iteration over full information likelihood
function, using estimates from sequential maximimum likelihood as starting values. Model units scaled to 10,000 South African
rand per year (constant 2002 values).
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Table A5: Dropout and re-enrollment in response to household shocks

(1)
dropout
-0.001
(0.031)

household shock

(2)
dropout

household shock(a − 1)
failed last grade enrolled
cumulated grades failed

0.270
(0.053)***
0.169
(0.051)***

-0.038
(0.093)
0.135
(0.122)
0.323
(0.134)**

worked last period of non-enrollment
work experience
Observations
R-squared

(3)
re-enroll
-0.020
(0.010)**

4085
0.79

2576
0.83

(4)
re-enroll

0.001
(0.017)

-0.027
(0.017)
-0.002
(0.013)
4568
0.79

-0.009
(0.021)
-0.036
(0.049)
3081
0.9

Sample is person-years for which household shock defined. All regressions include individual, age and schooling fixed effects.
“Household shock” refers to death; serious illness or injury; job loss; business failure or bankruptcy; abandonment or divorce;
theft, fire or property damage; or other major shock. Contemporaneous and lagged household shock coefficients not included
in same regression because they are not separately identified, due to lack of observations with both variables for the same
individual in the sample. Standard errors clustered by individual.

Table A6: Can’t afford school (among dropouts)

Full sample
Household income quintile
first
second
third
fourth
fifth

0.08

0.08

0.07

0.14
0.09
0.06
0.03
0.01

0.12
0.09
0.05
0.04
0.02

0.22
0.13
0.07
0.03
0.01

Cells report survey-weighted fraction of observations in person-year panel reporting “can’t afford school” as reason for nonenrollment in period immediately after dropout. Sample is “new” dropouts, i.e., those who have dropped out of school after
enrolling in the previous year.
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Figure 1: K-10 enrollment at age 20 in South Africa and selected countries
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Figure 2: Model timing, choices and payoffs
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Figure 3: Failure and employment rates, by last outcome
(a)

(b)

Panel (a) shows proportion of enrollees (person-year observations) who fail current grade, conditional on schooling outcome of
last enrollment period and completed schooling category. Panel (b) shows employment rates among non-enrollees (person-year
observations), conditional on labor market outcome of last non-enrollment period and completed schooling category.
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Figure 4: Model fit: grade advancement and employment
(a)

(b)

Figure shows labeled characteristics among person-year observations in sample, conditional on completed schooling, i.e., proportion advancing to next grade among person-year observations with s years completed schooling. Grade advancement rates
condition on current school enrollment.
Employment rates condition on current non-enrollment. Predicted grade advancement
R
and employment calculated as Pr(y|S, θ̂)f (S)dS for y = pass,work, using observed distribution of states S and survey weights.
Histogram of person-year observations by completed schooling also depicted (right vertical axis).
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Figure 5: Model fit: enrollment
(a)

(b)

(c)

Figure shows enrollment rates among person-year observations in sample, conditional on labeled characteristics, i.e., proportionR enrolled in school among person-year observations with s years completed schooling. Predicted enrollment calculated
as Pr(d|S, θ̂)f (S)dS, using observed distribution of states S and survey weights. Histogram of person-year observations by
completed schooling also depicted in panel (a), right vertical axis.
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Figure 6: Model fit: dropout and re-enrollment
(a)

(b)

Figure shows dropout and re-enrollment among eligible person-year observations in sample, conditional on completed schooling.
Dropout refers to disenrollment after a period of enrollment, i.e., Pr(not enrolled at t|enrolled at t − 1, schooling = s). Reenrollment refers to enrollment after at least one period of disenrollment, so that figure depicts Pr(enroll at t|not enrolled at t −
R
1, schooling = s). Predicted values calculated as Pr(y|S, θ̂)f (S)dS from simulation in which enrollment history simulated 50
times for each observation in the dataset, using the observed state at t = 1 (age 12) as the initial condition. Predicted dropout
and re-enrollment are undefined for age 12 because no simulated prior history exists at that age.
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Figure 7: Restricted re-enrollment simulation
(a)

(b)

Figure shows enrollment and dropout among person-year observations in sample, conditional on completed schooling. Dropout
refers to disenrollment after a period of enrollment, i.e., Pr(not enrolled at t|enrolled at t − 1, schooling = s). Predicted values
R
calculated as Pr(y|S, θ̂)f (S)dS from simulation in which enrollment history simulated 50 times for each observation in the
dataset under “no re-enrollment before high school completion” restriction, using the observed state at t = 1 (age 12) as the
initial condition. Predicted dropout is undefined for age 12 because no simulated prior history exists at that age.
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