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* Scope and motivation of the analysis
e Data

e Causal effects with intermediate variables
and principal strata

e Maximum likelihood model-based analysis
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AIM: assessing the differential effectiveness of two
degree programmes with respect to employment

Joint analysis of the careers (=graduated or not)
and the job opportunities (=employed or not)
of university students

e 1992’s cohort of freshmen of the University of
Florence

» two distinct degree programmes, Economics
and Political Science
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Why do we need a joint analysis?

e a comparison based only on graduated
Students is not fair since it is possible that the
two degree programmes “select” the
indivudals in a different way (e.g. one d.p. is
more easy in general or for students with
certain features)

e |f the graduates of the two d.p. differ for
some unobserved features which are related
with the occupational chances then a
comparison based only on gradutated

2 X students yields biased results YN
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A. Administrative database of the 1992's cohort of
freshmen enrolled in the degree programmes in
Economics (Economia e Commercio) and Political
Science (Scienze Politiche) of the University of
Florence

B1-B3. Three census surveys on the occupational
status of the graduates of the University of Florence
of years 1998, 1999 and 2000, respectively

Datasets A and B1-B3 are merged
2
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1941 freshmen belong to the examined 1992's
cohort: 1068 in Economics and 873 in Political
Sciences. By the end of the year 2000 the
status of the students is the following:

Degree Dropped | Graduated Still Total

Programme enrolled

Economics 545 270 253 1068
51.03% 25.28%| 23.69%

Political Sciences 532 176 165 873
60.94% 20.16%| 18.90%
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After the merge with the survey data the situation is:

Degree Graduated |Interviewed [ Permanent
Programme job
Economics 270 186 96
68.89%*| 51.61%**
Political Sciences 176 99 36
56.25%* | 36.36%**

* Interviewed/Graduated **Permanent job/Interviewed

All interviewed graduates responded to the question on job
status. Apart from 21 students who graduated before 1998
(out of the target of the surveys), almost all missing
interviews are due to missing contact
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Covariate Ecor_uigggs Science
(n=1068)| 1, _g73)

Female 0.41 0.54
Residence in Florence 0.23 0.31
Gymnasium 0.34 0.45
Late enrollment 0.06 0.22
High grade 0.37 0.25

Covariates are important since the treatment
is not randomized!
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Treatment variable Z:
7= 1 if enrolled in Economics
0 if enrolled in Political Science

= No active vs. placebo — values of Z on an equal
footing

= No randomisation — possible confounders
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Intermediate variable S:
1 if graduated when Z

S=5(2) =
() 0 if not graduated when Z

‘ S is the observed version of the potential variables S(0), S(1) ‘

Response variable Y:

Y=Y(@2) = 1 if job (after graduation) when Z
0 if not job (after graduation) when Z

‘ Y is the observed version of the potential outcomes Y(0), Y(1) ‘
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In our case both Z and S are dichotomous — 4 possible strata

z ’ GG GN NG NN
1 G G N N G=Graduated
0 G N @ N N=Not graduated

Principal strata are defined by the values of the two potential versions of the
intermediate variable S (counterfactual): e.g. GN are the students who become
Graduate if enrolled in Economics and Not graduate if enrolled in Political Sc.

Principal strata are not influenced by Z (nor S)

The membership indicator of the principal stata is a categorical latent (i.e.
unobserved) covariate (need for /atent class models)
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Observedgroup ., obs obs obs Latent group L
oz, S"%S) 4 S Ri i (principal stratum)
o(1,1) 1 1 _{ou {01} GGorGN
0O(1,0) 1 0 notdefined notdefined NG or NN
o@0.1) 0o 1 {013 {01} GGor NG
0(0,0) 0 0  notdefined  not defined GNor NN

Ps,, = 0.253 sample prop. of graduates among students in Economics (Z=1)
Pso, = 0.202 sample prop. graduates among students in Political Science (Z; =0)

Pyy; = 0.516 sample prop. of individuals with a permanent job among students in
Economics (Z=1) who gradutated (52> = 1) and responded to interview

Py = 0.364 sample prop. of individuals with a permanent job among students in
Political Sc. (Z;=0) who gradutated (52> = 1) and responded to interview
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Causal effect of Z on Y for a given individual: Y;(1) vs. Y;(0)

Principal causal effect of Zon Y:

a comparison of p(Y(1)) vs. p(Y(0))

for the individuals of a given principal stratum

Causal effects across principal strata are nonsense

The causal effect may be defined only for some principal
strata: /n our case only for the GG stratum (students able to
graduate in both degree progr.) since Y is defined only for the

ﬁduates (intermediate variable S = 1 ) | A,
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Probabilities of the principal strata: 7z5g, 7gn: g N

e.g. probability to be a student who
become Graduate if enrolled in Economics
and Not graduate if enrolled in Political
Science

Probabilities of employment: e, %6 Yi.one JoNG

e.g. probability to be employed for a student who (i) become
Graduate if enrolled in Economics and Not graduate if
enrolled in Political Science and (ii) actually enrolled in
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Principal strata submodel (z's) Multinomial logit
specification
T — exp(ﬂgG:i)
GGi —
1+ exp(776e ) +XP(1ava) +€XP(Rc: )
Teni = Pes) Moei = %ae +Be 'X;
1+exp(77(;5!G:i)+exp(77gN:i)+eXp(7fl\iG:i) 4 T T
Moni = %an +Bon 'X;
i = eXp(TfNG:i) V4 V4 T
" L) + XU ) +OD0Ty)| | = P T Be "X
i = 1 With 5 covariates there are
T L14exp(re) +eXP(1eyi ) TEXP(TRgi)|  3+3x5=18 parameters
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Separate logit
Outcome submodel (y's) specifications
p 1
P s ma e ¥ = y 7
i 1+exp(—7}fGG:i) nl,GGZi = al,GG +B X
1 /4 — 7 7
Yosei =T < Mocei =Xce T B’ 'x
T Lrexp(—heei) . ; iy
1 Meni =Uey TB X
i T i
' - . Y _ 7 7
1+EXp( TKGN;.) ﬂO,NG:i = aO,NG +B X
1
Yonei =7 o N - With 5 covariates there are
T 1+eXp(_’7(;NG:i) 4+5=9 parameters
A J&
A
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e Model has 18+9=27 parameters

e The treatment and the 5 covariates lead
to 128 theoretical sample proportions

e The available sample proportions are 99

Maximization algorithm: quasi-Newton with a BFGS
update of the Cholesky factor of the approximate
Hessian.

Software: SAS proc NLMIXED
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e Some parameters of the Principal strata
submodel (z’s) have

» highly negative estimates and
v huge standard errors

. B

for certain values of the covariates some
principal strata are empty

some constraints are needed
G X (the final model has 8 conigalnts) M
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* The estimated proportion of students belonging
to the GG group varies a lot with the covariates,
from a minumum of 1.1% (students with weak
backgrouna) to a maximum of 62.2%

» the proportions of students belonging to the GN
and NG groups (i.e. the students able to
graduate in only one degree programme) are
very small (but for some covariate patterns the
GN and NG groups are larger then the GG group)
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e the two degree programmes have a
differential causal effect on the probability
of graduation only for students having a
weak background. Orientation policies
should then be designed especially for
this kind of students.
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#®the causal effect in the GG group (on the logit
scale) is estimated as 0.666 (s.e. 0.301,
significant at 5%) corresponding to a difference
of about 15% in the probabilities of employment

# the reliability and also the substantive
importance of the causal effect depends on the
size of the GG stratum: for example, the causal
effect in the GG group for students having a
weak background has little relevance
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* The level of the probability of being
employed varies a lot with the covariates:
v 47.1% to 77.9% for Economics
v/ 31.4% to 64.5% for Political Science
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e Non parametric bounds (already done)
e Sensitivity analysis

e Bayesian analysis

e Model for the missing outcomes

e Implications for policy
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Initial model

Number of parameters
Deviance (-2logL)

27
2231.8

Principal strata submodel (z’s)

ga

Ay

s

P ammasim
Bovgmasin

B gymasiom

P pin_oate

B ion_srace
B ian_arace
P requar_earoment
Bin regutar _envoiment
B egutar_envoiment
B, enate
Bi,emate

Prc. temse

P pios

P rorencn

P Fioence

-4.403  (0.449)
-2.644  (0.749)
-3.206 (0.836)
1.275 (0.157)
-5.757 (na.)
-15.041 (n.a.)
1.204  (0.146)
1.113  (0.653)
-8.092 (114.022)
2,024 (0.425)
-0.012  (0.788)
-8.140 (64.473)
0.117  (0.137)
-0.617 (0.753)
0.988 (1.112)
0.280 (0.144)
-13.499 (559.599)
-10.353 (533.855)

Final model
21

2231.8
-4.402  (0.448) Initial model Final model
-2.647  (0.752) Number of parameters 27 21
Pt Deviance (-2logL) 2231.8 2231.8
B 0157 Outcome submodel (y’s)
- s 1257 (L240)| 1262 (L241)
1.205 (0.146) ee -1.357  (1.561)| -1.365 (1.568)
1113 (0.652) ey 0.593 (1.185)| 0.596 (1.185)
s 0129 a 0498 (1.057)| 0484 (1.058)
o000 (0192 . /— -0.405 (0.374)| -0.410 (0.374)
- By _race -0.035 (0.262)| -0.036 (0.263)
0117 (0.137) Brgiar_eotment 0933 (0.979)| -0.932 (0.979)
-0.622  (0.755) Blemate 0.072 (0.272) 0.070 (0.272)
0991 (1111) Bliorence 0.106 (0.333)| 0.104 (0.333)
_0580 @149 Causal effect o7 a7 0.664 (0.301)| 0.666 (0.301)

Probability 00000] 00100[ 00110[ 00101 01100 10100 11100] 11111
oo 11 80 91 109 203 249 525 622
o 63 60 33 00 140 00 00 00
s 3 00 00 00 00 00 00 00
i 80.0) 860 87.6 9.1 657 75| 475 378
Trcor 779 582 599 607 57.3 480 471 515
Facei 645 417 434 442 408 322 314 353
Fiow 619 300 407 415 381 208 200 328
Fanss 203 94 97 1000 89 63 61 7.1
Causaleffect yo-yoc| 135 165 165 164 165 158 157 162

Note: the pattern (x,x,,x,,x,, ) stands for Gymnasium = x,, High grade = x,, Regular enrolment = x,,

Female = x,, Florence = x; -




