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Abstract:

e This paper analyzes the possibility of detecting observable and non-observable social
interactions in a bivariate probit model with an endogenous dummy regressor via
Monte Carlo simulation. In small samples, we find severe size distortions of the
Wald test and only a low probability of detecting observable and non-observable
social interactions. In large samples, however, we find this test to be very powerful.
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1. INTRODUCTION

For the researcher, interactions between two persons, e.g., spouses or
brothers and sisters may only partly be observable, due to measurement
problems. Respondents may not wish to reveal the influence of the other person
or may not be aware of them. In order to detect the neglected or non-observable
interactions between the respective decision processes a bivariate probit model
is recommendable (Jaenicke, 2004).

The identification of discrete choice models with social interactions is stud-
ied by Brock and Durlauf (2001, 2007). They show that it is possible to overcome
Manski’s (1993) famous reflection problem discussed in the context of reference
group behaviour by using discrete choice models. In order to account for the ne-
glected or non-observable interactions between discrete decisions in the respective
decision processes, a bivariate probit model is a useful empirical description of
this process. In this model, an endogenous dummy variable represents the binary
decision of the peer that may have an influence on the second person. The bivari-
ate probit model with an endogenous dummy variable is introduced by Maddala
and Lee (1976) and belongs to a general class of simultaneous equation models
discussed by Heckmann (1978), Maddala (1983), Wilde (2000, 2004), and Greene
(2008).

In some applications of the bivariate probit model, e.g. Dean (1995), and
Greene (1998) only small samples with 76 or 132 observations are available.
However, even in data sets with 500, 1,000 or 2,000 observations, parameter
tests may be crucial, as shown by Monfardini and Radici (2008).

Our intention is to find out for different sample sizes whether, in the pres-
ence of social interactions, it is possible to detect these interactions in a bivariate
probit model with an endogenous dummy regressor. Hence we analyze the distri-
bution of the estimated parameters and size and power of the usual z-coefficient
test concerning the parameters of the observable and non-observable interactions,
i.e. the endogenous dummy variable and the residual covariance between both
equations of this bivariate probit model.

2. A BIVARIATE PROBIT MODEL OF SOCIAL INTERACTIONS

The maximum likelihood estimation of a bivariate probit model involves
the numerical problem of the evaluation of double integrals over the normal dis-
tribution. This estimation procedure is implemented in several statistic software
packages and widely used in practice. We use a two equation binary choice model
with an endogenous dummy regressor, first proposed by Maddala and Lee (1976).
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The regression equations of the individual I and the peer P are

EG*:X[ﬂ1+Ypﬁ2+uI, Y =1 if Y}*>O, 0 otherwise ,
Yp=Xpy1+up, Yp=1 if Y5 >0, 0 otherwise,
[’UJ,UP] ~ @2(0707 1, 1>p) )

with the observable discrete choice behavior Y, latent variables Y7, and exoge-
nous variables X. The residual vector [ur,up| is bivariate normal distributed
with E(u;) =0, var(u;) =1, i =1, P, and cov(ur,up) = p. As a condition of
identification, we only need exclusion restrictions if there is no variation of the
exogenous regressors (Wilde, 2000).

In our model, the observable part of the social interactions, the influence
of the decision of the peer P on the behavior of the individual I is tested by
the hypothesis Hp: o = 0. The non-observable part of the social interactions
may be revealed through the residual covariance structure. A residual covariance
cov(ur,up), i.e. p, significantly different from zero, may serve as an indicator of
unobserved social interactions between the two decisions or as an indicator of si-
multaneously neglected third-party effects. Restricting residual correlation of the
bivariate probit model to zero may result in biased and inconsistent estimations
(Murphy, 1995). Fitting separate probit models for the first- and the second
decision equation can involve significant endogeneity biases in the estimation
(Lollivier, 2001). The joint estimation of the two equations provides substantial
efficiency gains compared to separate estimation based on two-stage technique.

3. MONTE CARLO RESULTS FOR THE BIVARIATE PROBIT
MODEL

In a small Monte Carlo study, we analyze the size and the power of the
usual z-coeflicient tests concerning the parameters of the observable and non-
observable social interactions, B, and p. The test statistics are z(32) = (2/se(32)
and z(p) = p/se(p) and their squares result in the standard Wald test (Greene
2008, p. 820).

The non-observable influences stem from missing variables. These may
be uncorrelated, weakly or strongly correlated or identically for the two per-
sons. To create the non-observable interactions, we use an omitted variable vec-
tor [vr,vp] ~ ®9(0,0,1,1,r) with » € [0.0,0.1,0.2,0.3,0.4,0.5,1.0] in one set of
experiments. In this case, the residuals u;, ¢ = I, P, are the sum u; = v; + ¢;
with [er,ep] ~ ®2(0,0,1,1,0), therefore [ur,up] ~ ®2(0,0,2,2,5). Because the
assumption of the unit residual variance var(u;) is not met, we expect some prob-
lems resulting from the misspecification of the model.
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In the experiments with the extended model, we include v; as additional
explanatory variables. In this case, the residuals are u; = ¢; and are independent
normal distributed. Because of the independence of the residuals, p = 0, the
model is overparametrized. Two single equation models would be more efficient.
Anyway, since we do not know the true parameter set in the empirical research
situation, in the simulation experiments we continue with bivariate probit models.

The variables X;, i = I, P, are standard normal distributed, X; ~ N(0,1),
it =1, P. All parameters # and ~ in the omitted variable model and in the ex-
tended model are set equal to one. We use the econometric software package
Limdep 7.0. It performs well in nonlinear estimation benchmark tests (Mc-
Cullough, 1999). We estimate the bivariate models with the default settings
of the procedure (algorithm: BFGS; maximum iterations: 100). The Broyden—
Fletcher—Goldfarb—Shanno (BFGS) algorithm is rather time consuming, but it
shows a convergence rate of between 99.5 percent (in small data sets with 100
observations) and 100 percent (in data sets with 10,000 observations) in our
Monte Carlo study. The number of replications in the Monte Carlo experiment
is N =1,000. The number of observations varies systematically from 7" = 100
to T'= 2,000. In some experiments, we estimate data sets up to T'= 10,000 and
in one up to 7T'= 40,000 observations. Due to the nonlinear estimation problem,
experiments with these huge data sets are computational intensive, e.g., some
experiments need around 84 hours on a Pentium(R), 3.2 GHz to estimate two
bivariate probit models 1,000 times.

The estimated parameters p show no severe bias. Figure 1 presents the
density estimation with the Epanechnikov kernel function in the case that the
true parameter p = 0. With increasing sample size from 7' = 200 to T = 1,000,
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Figure 1: Kernel estimation, p = 0.
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the dispersion of the estimated parameters becomes smaller. The parameters
are distributed more or less symmetrically (with skewness Sp between —0.083
and —0.040) and means (with p7 between —0.001 and 0.003) very close to the
theoretical value zero.

The picture changes if we assume with p = 0.5 strong residual correlation
between both decision equations in small data sets. In the case of T = 200,
we find with pa00 = 0.485 some deviations from the theoretical parameter value.
In all three cases, the distribution of the estimated parameters pagq is left skewed
with a skewness S7 between —0.568 and —0.403. In the T'= 200 case, some pagg
are very close the theoretical limit of 1. In Figure 2, we present a Kernel density
estimation for p = 0.5 and T'= 200, T'= 500 and 7" = 1,000.
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Figure 2: Kernel estimation, p = 0.5.

Looking at the z-statistics in the case p = 0, we find some indication
that the z-statistics may not be normally distributed in small samples. To ana-
lyze this problem graphically, we compare the quantiles of these statistics with
the standard normal distribution in Figure 3 for T'= 200, 500, 1000 observations.
Especially in the case of p = 0, T'= 200 observations, we find some deviation from

normality.

We start our analysis studying possible size distortions of the z,-parameter
test in the bivariate probit model with an endogenous dummy variable. The
parameter describing the influence of the endogenous dummy variable is set equal
to one, B2 = 1. In Table 1 (see Appendix), we present percentiles of the simulated
zp-statistic, some descriptive statistics like mean, standard deviation, skewness,
kurtosis, and the size of the test statistic with the nominal significance level equal

to 1, 5 and 10 percent.
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From Table 1, we see severe size distortions for the z,-parameter test in
small data sets. In the case of T'= 100,150 observations, the test statistic is
excessively liberal. E.g., in the case of a nominal 5-percent level, the empirical size
is more than twice as high. The deviations from the nominal level become stronger
with a higher significance level. E.g., on the 1 percent level, the empirical size is
7 percent in the extreme case of T'= 100 and 5 percent in the case of T = 150
observations. In these two cases the z,-parameter test shows strong deviations
from normality. The distribution is negatively skewed and reveals strong excess
kurtosis. As expected, deviations from normality are not pronounced in the case
of medium size or huge data sets.

In Table 2, we present a set of experiments using our bivariate probit model
with an endogenous dummy variable but restricting the data generating mecha-
nism to fB2 = 0, i.e., there is no endogenous dummy variable in the true model.
The results are generally in line with the ones of Table 1, but with stronger
deviations from normality in the small sample cases.

Using different correlation structures in Table 3 (r =0) and Table 4 (r =1),
we analyse the small sample behaviour of the test concerning the observable
interactions, the zg,-parameter test. We find again some size distortions for data
sets with T' < 200 observations but no systematic influence of the correlation r.

How will the size of the test statistic be affected if it is possible to include
the omitted variable vector [vr,vp] as additional regressors? Does the correla-
tion r have an influence on the outcome of the test? Comparing Tables 2 and 5,
we see that the inclusion of additional explanatory variables makes the size dis-
tortions decrease only slightly. The comparison of Tables 5 and 6 makes clear
that correlation between explanatory variables negatively affects the size of the
zp-test. In the case of r =1, the empirical p-value of 10 percent is shifted to
23 percent in the T'=100 observation case. In this strong correlation case,
we need more than T'= 2,000 observations to obtain good size properties of the
zp-test. Summarizing Table 1 to 6, we find that in all small sample cases the test
statistic is too liberal.

In the next simulation experiments, we have a look at the power proper-
ties of the test statistic. To answer the question whether it is possible to detect
non-observable social interactions, we run 57 different Monte Carlo experiments.
In the case of low residual correlation, the probability of finding significant inter-
actions lies below one half in small or medium sized data sets. E.g., in the case
of r =0.2 and T'= 2,500, only 35 percent of the z,-tests are significant at the
10 percent level and in small data sets, e.g. r = 0.2 and T' =100, only 17 percent
of the z,-tests are significant at the 10 percent level. Taking into account the
size distortions of the test statistic, the results will become even more unsatis-
factionary. As expected, with more observations, and stronger correlation, the
power increases. A power of at least 90 percent (at the nominal 10 percent level)
can be found in the cases of » = 0.2 and T'= 15,000 or » = 1 and T = 2,500.
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The power properties of the zg,-test, presented in Table 8, are (at the
10 percent level) around one third in the small sample case and nearly 100 percent
in T'> 1,000 data sets. The changing of the correlation r has more or less no
influence on the Monte Carlo results.

The power can be dramatically increased if it is possible to include the
neglected variable vector [vr,vp]. The results of these Monte Carlo experiments
are presented in Table 9. The inclusion of these additional explanatory variables
will shift the power properties significantly towards more than 50 percent even in
the T'= 100 case. With 250 observations, the power is close to the 90 percent level
or higher. This is true although the extended model is overparametrized, because
the true correlation-coefficient is zero in this model. In line with the results
from Table 8, the results are nearly robust regarding the correlation structure r.
Nevertheless, we have to take into account the too liberal behavior of our test in
small samples.

4. CONCLUSIONS

In our paper, we find that the power of z-parameter tests concerning the
residual correlation between the two decision equations in the bivariate probit
model is very low in small samples. This is is especially true for weak correlations.
The power of the parameter test concerning the endogenous dummy variable is
around one third in small samples. If it is possible to find omitted variables,
the power of this test can be increased notedly.

Additionally, our simulation results reveal severe over-rejection rates in
small samples. Using a likelihood ratio test may result in better size behavior at
least in medium sized samples (Monfardini and Radici, 2008).

From an empirical point of view, we may often fail to find significant social
interactions in the data sets although they exist. An extensive search for omit-
ted variables may therefore be essential to prove social interactions in empirical
models.

ACKNOWLEDGMENTS

The author wishes to thank the anonymous referee of this paper and the
participants of the discussion at COMPSTAT 2008, Annual Meeting of the Aus-
trian Economic Association 2008, Pfingsttagung der Deutschen Statistischen
Gesellschaft 2008, and Uwe Hassler, Goethe University, Frankfurt a. M. for valu-
able comments. I am especially grateful to Margot Petersen-Jaenicke for her
valuable help.



76 Johannes Jaenicke
REFERENCES

[1] Brock, W.A. and DURLAUF, S.N. (2001). Discrete choice with social interac-
tions, Review of Economic Studies, 68, 235-260.

[2] Brock, W.A. and DURLAUF, S.N. (2007). Identification of binary choice models
with social interactions, Journal of Econometrics, 140, 52-75.

[3] DEAN, J.M. (1995). Market disruption and the incidence of VERs under the
MFA, Review of Economics and Statistics, 77, 383-388.

[4]  GREENE, W. (1998). Gender economics courses in liberal art colleges: Further
results, Journal of Economic Education, 29, 291-300.

[5] GRrEENE, W.H. (2008). Econometric Analysis, 6'" ed., Pearson, Prentice Hall.

[6] HECKMAN, J. (1978). Dummy endogenous variables in a simultaneous equation
system, Econometrica, 9, 255-268.

[7]  JAENICKE, J. (2004). Observable and Non-Observable Social Interactions in Labor
Supply, Discussion paper No.2003/05, Rev. version, May 2004, University of
Osnabriick.

[8]  LOLLIVIER, S. (2001). Endogénéité d’une variable explicative dichotomique dans
le cadre d’un modele probit bivarié, Annales d’Economie et de Statistique, 62,
251-269.

[9) MappALA, G.S. (1983). Limited Dependent and Quantitative Variables in
Econometrics, Cambridge University Press, Cambridge.

[10] MADDALA, G.S. and LEE, L.-F. (1976). Recursive models with qualitative en-
dogenous variables, Annals of Economic and Social Measurement, 5, 525-545.

[11]  Manski, C.F. (1993). Identification of endogenous social effects: the reflection
problem, Review of Economic Studies, 60, 531-542.

[12] McCuLLoucH, B.D. (1999). Econometric software reliability: EViews, LIMDEP,
SHAZAM and TSP, Journal of Applied Econometrics, 14, 191-202.

[13]  MoONFARDINI, C. and RADICE, R. (2008). Testing exogeneity in the bivariate
probit model: A Monte Carlo study, Ozford Bulletin of Economics and Statistics,
70, 271-282.

[14] MurpHY, A. (1995). Female labour force participation and unemployment in
Northern Ireland: Religion and family effects, Economic and Social Review, 27,
67-84.

[15]  WILDE, J. (2000). Identification of multiple equation probit models with endoge-
nous dummy regressors, Economics Letters, 69, 309-312.

[16] WILDE, J. (2004). Estimating multiple equation hybrid models with endogenous

dummy regressors, Statistica Neerlandica, 58, 296-312.



7

Detecting Social Interactions in Bivariate Probit Models

600 SO0 00 [G0E 900- 660 €00 |¥ECT 691 LeL /80 950 2€0 L00 ¥Z0- €S0- ¢80~ €T LS~ 1ee |0000L 00
800 ¥00 100 [96°C L0'0- 160 +00 |(8C¢C 191 0og’L 180 G50 €€0 900 tvC0- 6v0- 640 0CL- 9SL- GZ'C- |00SL 00
600 ¥00 00 [06'C 600- 860 Y00 |8CC LS'L 121 16’0 850 L€0 900 020~ Z¥0- 080~ GZL- €91~ Z€eT |000S 00
0L'0  G00 100 [¥6'C L00 00} €00 |e¥C  69°L 4" 060 950 620 100 92°0- 8¥0- 080~ GZV- <Z91L- 0C¢ |00SC 00
LL'0 G00 100 [G0€ O0L'0- €0') G600 |S¥Z 891 Se'lL ¥60 650 9¢0 600 8L0- 6¥0- +80- 8ZL- 691L- 8¥Z |000C 00
0L'0 00 100  [0L'E  €00- €0'L €00 |62C 0.1 6€°L 680 6950 620 ¥00 920 +S0- 980- 8CL- 091L- ¥ |00St 00
600 ¥00 100 [20°€ 10'0- 660 €00 (€€ 99l se'lL 980 G690 820 200 ¥C0- <2G0- ¢80~ <CClL- ¥SL- LyZ- |000L 00
LL'0 200 ¢00 |9¢'e  O0L'0 SO'L 10°0 G2 L)L Se'lL 980 ¥50 ¥20 100 .20~ GS0- 980~ SZ- €91 0S¢ |0SL 00
0L'0 600 ¢00 |6€€  €L0- 20L €00 |0SC 191 LeL 260 950 20 200 vZ0- 8¥0- 8L0- VCL- S9L- 6S¢C |00S 00
0L'0 900 200 e’y 220 G0'L 900 |PL'e 9L el 060 690 620 200 GZO- 8¥0- 8.0 LZ- SGSL- ST |0SC 00
71’0 800 €00 |€L'€ G00 L 100 [26C 06} 8¢’ €80 050 920 200 GZ0- ¢SO0~ S80- /L€ 9LL- 18¢ |00C 00
SL'0  0Lo €00 |567.8€ LS'GL- 06') L0°0- |€9C v¥6'L 'L /80 6V0 €20 100 GZ'0- ¥S0- 880~ Lvl- 002 90°¢ |0SL 00
9L'0  0Lo0 900 |€8°'LE Z8%Z- 9G'L 80°0- |60F 20C 8E'L €80 8Y0 8L'0 GO0~ 0€0- ZG0- 060 8¥lL- [L6L- ZZ¥ |00 00
1’0o S0°0 10°0  |'WNY  "MdYS  "pIs ueaw 1660 S60 60 80 L0 90 S0 Vo €0 o 1’0 S0°0 100 |1 4
anjea-d sa|iuassad
0=2¢ pue Q=1 jo ased ay} Ul SuoljdeIdJUl 3|eAIdSCO-Uou 3y} Buiuiaouod }sa} 1ajaweled - 0~z ay} jo Joiaeyaq ajdwes ajiul4 1z 9|qel
600 SO0 100 [60°€ 10'0- 860 +00 |[0€C €91 8C'L 980 650 620 L00 0CO- v¥O- 080- O0CL- 091L- €€¢ |0000L 00
600 ¥00 100 16 €00- 960 00 (v¥Z 0GL iz 680 SS0 le'0 200 020~ GS¥0- 8L0- G2 LSL- GlL'Z- |00SZ 00
600 ¥00 00 [/6'C <200 /60 YOO |s€C 29l 9Tl 060 €50 20 200 220~ w0~ 9L0- ZLLb- L9L- 0CC |000S 00
600 S00 100 [¥0€E 600 860 €00 |Z¥C 191 0g’L €80 $S0 820 €00 G20~ LG0- 6L0- €2b- 6SL- LZ¢ |00SC 00
600 ¥00 00 [68C 800- 860 P00 |SCC €91 4" /80 850 2¢€0 L00 2Z0- LG0- 6L0- LV €91~ gZ¢ |000C 00
0L'0 00 200 |SC¢ LL'o- 2oL €00 |8€C €91 el /80 950 620 ¥00 020~ ¢G0- €80~ ¥C'L- 991- 89¢C |00St 00
600 SO0 00 [20€ +¥00- 660 200 |¥CC 191 62’1l 280 $S0 620 ¥00 €20 0G0- ¢80~ /LZL- 8SL- GE€TZ- |000L 00
ZLl'0 900 200 |L0€ 10°0-  t0'L 100 [¥SC LLL €e’l 060 ¥S0 20 200 €20- 950- +80- 6Z- 18- P¥Se- |0SL 00
0L'0 900 ¢00 |8L'E 000 €0} €00 |6S5C €L el 980 950 620 €00 GZ0- 0G0~ ¢80~ +VvZiL- 19t 0S¢ |00S 00
ZL'o0 200 ¢00 |48t 90 90'L S00 L6 661 L 980 650 ¥20 000 GZ0O- 6¥0- 180~ +VvZL- 091L- 9¢¢ |0SC 00
71’0 800 €00 |¥6'€ 600 VL) 200 L0e 061 Wl 160 €50 /20 00 ¥2'0- €S0 /80~ 9€t- 8l'L- P0'e- |00C 00
SL'0  0Lo G600 |S¢¢Cc v0C- 2rlL 90°0- |S8'€ /8L Se'lL 180 V0 120 000 920- G0~ ¢80~ 9vL- L6L- 00% |0SL 00
L0 Zlo 200 |PL'€C  L¥'L-  09') ¥0'0- |S8'¥ 154 161 080 0S0 120 200- /Z0- €G0- 60- 0GL- 60¢ L0¥ |00 00
1’0o S0°0 100 |'WNY  "M3YS "pis ueaw 1660 S60 60 80 L0 90 S0 Vo €0 o 1’0 S0°0 100 |1 4
anjea-d sa|puaosiad
1=2¢ pue =1 jo ased ay} ul suoljoeiajul 3|geAIasqo-uou ay} Buluiaosuoo }sa} Jajaweled - d~z ayj} jo JoiAeyaq ajdwes ajuil4 '} 9|qel
Xipuaddy



Johannes Jaenicke

78

0L'0  ¥00 100 ([¥L'€ 800 860 L0'0- [9¥C 19°1 44" 6.0 870 220 €00~ 920- 690~ 120~ ¥CZL- 991- Gg'c- |0000L ol
600 SO0 L00 [66C 200- 960 200 (8L'C 851 9L 6.0 6¥0 ¢¢0 <200~ LZ0- €90- 6.0 <Z¢l- 091- 9¢¢ |00SL 0l
0L'0 S00 L00 [68C 900 860 L00- [e¥'e  S9'L 8z’ 180 090 €20 €00- 620- ¥S0- +80- OCL- G9L- ¢Z¢ |000S 0l
0L’'0 S00 L00 (2L’ ¥L'0- 660 €00 |[vL'C 19°1 €Tl G680 0G0 920 200 ¥20- 1L90- 6S80- LE€L- 0L'L- 6¥e |00SC ol
LL'0 G000 00 [OL'E 1l00- LO'L G00- |8L'C 99l A 180 8¥0 220 900- 1l€0- 290- <260~ <2€L- O0LL- 2¥e |000C ol
0L'0 S00 00 [s0€  Z00- <201 G600~ |s¢C €9) A" 180 $90 920 ¥00- 0€0- <290~ €60~ 6£L- LLL- €9¢ |00S) ol
600 900 100 l0e 21’0~ 001 90'0- |l 29l A" 1.0 8¥0 S20 l00  0€0- 090- ¥6'0- €€i- <lL'Ll- 2S¢ |000L ol
LL'0 900 ¢00 |s¢€ 0€0- SO'L $00- |L€C G99l 8z’ 6.0 10 G620 10'0- L20- ¥S0- 060- €€L- 2LL- 067¢ [0S 0l
0L'0 900 ¢00 |s¢€  vLO- LOL 600- |9¢C ¢S'L 8Ll ¢/0 ¢€¥0 6L0 200- 820- 090- ¥60- L€L- 6L1L- LLZ- |00S 0l
0L’'0 900 €00 |68°€ 1G°0- GO'L ZLl’'0- |80C (A% oLl .0 /¥0 6L0 ¥00- L20- 090 €60- 8¢l- Z6L- Gl'e- |0SC ol
€L’'0 800 €00 |2L0L 19L- €Tl €L’o- |lgT  8vl A 180 €90 G20 €00 S20- 090- lOL- 8SL- v0¢C ZL'¥ |00C ol
71’0 600 800 |8LL ¥E€L- GTl ¥L'0- |lgT 291 €Tl 280 160 €20 100- 620- 690- 960- 091- ¢2¢¢ <ce¥ [0St ol
71’0 600 L0 [949  €2l- 8T LL'0- |€L'C 891 8Ll 6.0 0S50 120 €00- 620- 690- €60 ¥9l- 0S¢ 96% (00} 0l
0L'0 S00 100 |'WNY  "mdNs 'pis ueaw 1660 S60 60 80 L0 90 S0 0 €0 (A1) 1’0 S0°0 00 |1 4
anjea-d sa|nuaosad
0=2¢ pue =1 jo ased ay} ul suoljoeiajul ajqeAsasqo ayj Buiuiaouod 3sa} Jajaweled - Zg~z ay) jo Joiaeyaq ajdwes ajui4 'y 91gelL
0L'0 S00 00 [62€ VvL'0O 860 200~ (SSC 091 Lz 1.0 0G0 120  $00- ZL20- ¥S0- €80- 0CL- €91- 9¢¢ (0000l 00
600 SO0 L00 [e0€ GO0 960 200 [6L'C 291 Vel 1.0 /¥0 020 €00- 0€0- €90- <280~ lZ'b- GS'L- g2'¢c- |00SL 00
0L'0 S00 L00 [98C ZL'0 660 L00- [2¥'e 991 62’1 €80 ¢80 €20 900- 0€0- 890~ €80~ 9Cl- 691L- 82¢¢ |000S 00
600 SO0 L00 (2L’ 900- 660 Ll0'0- [0gC 991 szl ¥80 6¥0 220 000 SC0- 6v0- <280~ <Z€l- 691L- €ge- |00SC 00
LL'0 v0°0 100 [€Ct L0 10°L €00- |¥22T 891 8C’L 080 80 120 €00- 620- 090- 680 €€L- 991~ [Z¢ (0002 00
LL'0 900 l0'0 [00E ¥00 €0l €00- |¢cc 29l 8C’L 980 ¥S0 S20 €00- G20~ 690 060 ZL€L- €L'V- 1lge |00SL 00
600 SO0 00 [Z6'C 900 001 ¢0'0- |l€7¢ 191 4% 180 €90 20 €00 L€'0- 690- 060- L€~ €91- 8¢ |000L 00
0L'0 900 ¢00 |0 200~ 90k 000 |¥SC 611 se'L /80 /G0 00 L00 LZ0- 6S90- 060- L€V L9L- 9L7C- |0SL 00
0L'0 900 L00 [¥2e VL0 201 $0°0- |/¥C 091 vZ'L 80 9¥0 <220 000 620 190~ €60 ¥PEL- 691L- €2 |00S 00
0L’'0 900 L00 (G2 €10~ Lol 90'0- |Zv'T  P¥SL A" /.0 0G0 €20 S00- 920- 990- 680 8¢lL- LLL- 6V |0SC 00
€L’0o 200 ¢00 |0C€E LL'0- 60°L ¢00- |.9C €Ll se’L 880 650 /20 100 G20- €90- ¢260- 9¥L- 18L- Gl |00C 00
€L’'0 800 €00 |80CL €80~ 6L 000 |S9C 681 A% 160 690 G20 10°0- 12'0- 990- /80~ ¥€L- 9l'V- LL'Z- [0Sl 00
71’0 600 G00 |90°LL  cel-  €gL G00- |sl'e  98') 8¢’ 880 ¥S0 920 200- 820~ 290~ ¥80- /L€1L- G6'L- 9/%- |00) 00
1’0 G0'0 100 |'WNY  "MdNs "pis ueaw 1660 S60 60 80 L0 90 S0 0 €0 (A1) 1’0 S0°0 00 |1 4
anjea-d sa|iuaosad
0=2¢d pue (=1 Jo ased ayj} ul suoljoeIdjul 3|qeAlasqo ay} Buiuiaouom }sa) tajaweled - g~z ayj jo Joineyaq ajdwes ajiui4 ¢ 9|qelL



79

Detecting Social Interactions in Bivariate Probit Models

LL'0 900 l00  [9L'€ 900 LOL S00 |8¥C Cl') 171 680 990 le0 200 6L0- G¥O- 8.0~ LCL- 6SL- Gy (0000l ol
600 ¥00 L0'0 [00€ 200 860 vO0O [e€C 991 Lel 680 SG0 120 00 Z¢0- 6v0- LL0- LZ'b- 9SL- 0€¢C- |00SGL 0l
0L'0 S00 ¢00 |eve 100 10°L ¥0'0 |99C 9l 8¢’ 060 €50 /L20 L0'0- ¥2°0- 0S90- Z80- 8L'L- 1LSL- +$ee- |000S 0l
0L'0 900 ¢00 |¥S€ SL'0 20l €00 |8GC ¥l'L og’L ¥8°0 250 ¥20 00  ¥2°0- L¥'O- 180~ ¥2L- GSL- 6¥¢- |00SC ol
¢l’o 100 ¢00 |gLe €00 L0L €00 |69C 08'L el 680 650 620 €00 120- 9¥'0- L20- ¥€L- ZL'Vb- ¥$9C- |0002 ol
¢l’o 100 ¢00 |Z2€  ¥LO- L07L 00 (292 21 oe’L G680 S50 620 100 220~ /L¥O- G80- l€L- 0LL- 887¢ |00SL ol
LL'0 200 ¢00 |9¥'e  9L'0- SO'L 100 \Wwe €'l oe’L ¢80 890 €0 $00 2¢0- 190- /80- 8€lL- €Ll- Z9¢ |000L ol
€L’'0 200 ¢00 |€9€  600- OL'L ¢0'0- (¥l 1L} 1z 880 0S50 S2C0 l00 G2'0- 090- 680 L¥il- 681L- G9¢ [0S ol
Z¢l’0 800 €00 |SL°¢ LL'0-  60°L 000 |99C LI} ee’l ¥8°0 ¢80 120 L00 220- €S0- ¥80- 6€L- 8LL- 86¢C [00S 0l
GL'0 0L0 $00 |9205 99t- 091 G0'0- |¥8C L0z ¢Sl ¢60 .90 820 200- 920- ¥S0- ¥80- 6€L- 96'L- vV [0SC ol
8L'0 €10 /00 |9L8C <¢cC6C LLL oL'0- |eve €T TSl ¢60 090 220 10'0- 82°0- 990- 860- 6SL- 82¢ +¥99- |[00C ol
6L°0 €10 800 |00OYvL <Zv'l- 29l 600~ |2y sl 8SL €60 ¥S0 120 100 ¥20- /LS0- €60- 6SL- Gge- €£9 [0St ol
€20 /L0 LL'0 [¥8CL 9S'L- 86°L Gl'0- |€8% 9vC  €l') €60 6¥0 ¥20 €00- 620- 090- 1l0L- 18- G¥e- 0¥'8- |00) 0l
1’0 G0°0 10°0  |'WNY  "MmdNs "pis ueaw 1660 S60 60 80 L0 90 S0 0 €0 (A1) 1’0 S0°0 00 |1 4
anjea-d sa|nuaosad
sa|qeleA Aiojeue|dxa [euolyppe pue g=z¢ ‘}=1 Jo ased ayj ui }sa) Jajawesed - d~z ayj jo Joineyaq sjdwes ajui4 19 9|qelL
LL'0 900 00 [0L'e 200~ €01 G00 |sGC LLL 9€’L 160 990 0¢€0 €00 6L0- 8¥O0O- 180- 9CL- €91- 8€e |[0000L 00
LL'0 G000 100 L0 900 660 €00 [ObC Ll 9€’L 680 €50 L0 ¥00 €20- ¢2S0- 6.0 GCZ'l- GSL- lg'e- |00SGL 00
0L’'0 900 200 |elLE 100 10°L €00 |0GC 8l'L 9L ¥80 G650 0€0 €00 L2’0- 8¥'0- Z80- 0¢L- LSL- LSC- |000S 00
LL'0 ¥0°0 00 [26C ZL0 1oL ¢00 |0geC 691 se’L 880 SG0 620 000 820~ <290 6S80- +¥PC'L- 191- 0€e |00SC 00
LL'0 G000 ¢00 |oL€ Lo 2oL €00 |s9C €'l ee’l 980 ¥S0 /20 €00 SC0- ¥S0- 180~ ZLC- Z9L- Gge- |000C 00
LL'0 900 l00 ([¥6C ¥00 20l 00 [S¥C 191 Lel 980 S0 0€0 ¥0O SC0- 0S0- ¢80~ ¥Pel- 9L'L- [Zg'c- |00SL 00
LL'0 900 100 l0'e  v0'0- <20l ¢00 |9¥'Cc 89l [45% 980 €S0 620 <200 920~ L¥O- ¥80- 62L- 691L- €¥ec- |000L 00
0L'0 S00 00 [e¥'€ 800- 860 L0'0- [62C 091 €Tl /.0 ¥0 S20 200 ¥20- 290~ 180~ P¥ZL- 991L- €ge¢- |0SL 00
LL'0 G000 100 [€0'€E 100 L0°L €00 |s€C €l'L ee’l 880 ¥S0 /20 000 €20- 8v0- 080 <CCL- 89L- €2¢ |00S 00
¢l’o 100 ¢00 |¥O°L €90~ LLL 000 |6V V¥lL 9€’L 680 ¥S0 120 00 €20- 190- 280~ 0¢lL- €L'l- 16¢ |[0SC 00
€L’'0 800 €00 |62 020~ PlLL ¢00- |.9C 9L 8e’L 880 0S50 ¥20 100 €20- 290- ¥80- GE€L- ¥6'L- 9l'e- [00C 00
€L’0 600 ¥0°0 |0L'OF ZL€L- €Vl 90'0- |€6C €L Lel €80 6¥0 ¢0 ¥00- 120~ SS0- 060- 9¥’L- 00¢C Pee- |0Sh 00
ZL'0 2Zl0 900 |82L 990- 62l 80°0- |S9'€  66L 445 980 0S50 120  900- 1€0- 890- G60- Z29l- [Z¢ vl (00l 00
1’0 G0'0 100 |'WUNY  "MdNs "pis ueaw 1660 S60 60 80 L0 90 S0 0 €0 (A1) 1’0 S0°0 00 |1 4
anjea-d s9|ipuaosad
sa|qeleA Aiojeuejdxa [euoiyppe pue g=z¢ ‘0=1 o ased ayj ui }sa) Jajawesed - d~z ayj jo Joineyaq ajdwes ajui4 G 9|gelL



Johannes Jaenicke

80

G0 €0 [(rA] €6°¢C 200 €0l Gl VY vre oL'e 6G°C lee  vo0e Gl Ly) AN G680 4740 00 6G°0- |000C €0
1 4l0] €€0 910 al'e c00 1071 LSl v’y 62°¢ €8¢ ¢evZz €e0cC 9Ll 0S'L vZ'L €6°0 090 6L°0 6L°0- ¥0'L- |00SL €0
GE0 20 0L0 66°C Lo y0'L €Tl SlL'e 96C¢ 9G6C oLz L) 8L 1l ¥6°0 990 9€°0 .00- L¥'0- 6L°L- 00Ol €0
620 120 80°0 0g’e 120 oL'L 90'L 08¢ 00°¢ vZ  66'L 09’1 og’L L0} 120 9’0 SL°0 ¢e0- S90- 8C’L- |0S. €0
G20 910 00 z6'e 9€'0 4% 060 Z8'e 08¢ €€¢C 081 'l 4 S8°0 S0 820 90'0- €¥'0- 180~ 0SL- |00S €0
810 €0 900 L0'LL 6L A" 690 |¥Ww¥ €LC 6L¢C cs’L Sl 280 €80 820 S0°0 2’0~ 690~ 96°0- €9°L- |0SC €0
610 [4%0] 900 6€°LE LlL'E el 290 |SOvY ¥LC 80C 9Vl 60°L .0 L¥0 Y20 G0'0- ¥€0- LL0- ZLLb- 181 |00Z €0
8L0 €Lo 900 I'GL  €v0 'L 1S0 16°S 99 00C 9¢’L 86°0 040 A4 8L°0 cL'0- v¥o- 160 SvL-  §9¢C- |0S) €0
6L°0 €Lo 80°0 G9'8L 190~ 691 ¥¥’0  |0L'S Z8'Cc 161 A" G680 9G°0 0€0 800 9L'0- 1G0- 860- €SL- 8¢ |00l €0
1670 €6°0 €8°0 68°C €00 oL Lge €8'G [T 88'Y 8€Y¥ L0y L2'e 8Y'¢ sce 00°¢ 99°¢C €T €8’ L07) 0000% A
1670 ¥6°0 €8°0 v.'C .00- /1670 lge 8G°G 20’ 08y 6€v 90F 9.°€¢ 19’ 8C’¢ 66'C 89¢C 92'C 1871 pxa 0000€ A
160 €6°0 €80 68°C €00 0L 1ge €8'G [T 88y 8EY L0'Y LL'e 8v'€ gge 66C 99¢C €2¢C €8’ L0°) 00002 [A0]
060 G680 69°0 88'C S00- 20t s0'e o' vy 6€v 68¢ 6G°€ Le'¢ 60°€ 8¢ GS¢C 0cc 19°) LE7) 1G°0 00051 A0
18°0 L0 610 el'e 200 00'L 28C  |98v L0V 18'¢€ se'e so'e 8.C ¥9C 92T 661 191 era 68°0 900 00001 A0
040 1970 GE0 16T 200 960 6LC |69V €l¢ ge'e c0'e 0L'C sve gz 86l S9'L LE7) 260 9G°0 600 0052 A0
GG°0 440 ¢¢0 |s6C SO0 660 08'L 86°¢ 67°¢ 10°¢ €9C €€¢ l0c G/l €9’ er 101 50 020 ¢G°0- |000S A
G0 rAl0] 0L0 €0e  GL0 00'L 8C’L 6.°€ ¢6'Cc 19T cl'c 6l [4n* 62'L 66°0 S0 70 000 62°0- G8°0- |00SC 4]
[A50] €20 800 €8¢ L00- L0t A" €G'¢ 9.C 0S§C €0C 0L} Sl 9Ll 060 290 820 9L'0- 9¥'0- €0'L- |000C [A]
120 6L°0 900 el'e S00- V0L 00'L 1€ S9C V€T 88l [4n" 9’ v0'L 120 0 €Lo 62°0- 0L0- ¥SL- |00SiL A
(FA] €Lo S0°0 16C 100 L0°L 280 (A4 6GCc ekt 191 ve'l S0’ 280 GG'0 920 ¢0'0- 8¥'0- 180~ 8GL- |000L A
120 ZLo 00 e €L0 90'L 690 lge ev'e  80¢C 29l €Tl ¥6°0 190 ro 600 8L'0- ¥90- 860~ /LL'l- |0S. A0
8L°0 Lo ¥00 |SL°€ €20 8071 6G°0 e vee  S6°L 0S’L 4 280 S0 120 700 6C°0- €10~ /LOL- 06L- |00S A
10 0L0 00 vy 890 Ll 9’0 |8F'€ gec  98'L T G6°0 290 €0 800 ¥L'0- 2v'0- 280~ 9l’L- ¥8L- |0SC A
SL0 0L0 00 [A%] yL'0  6LL 8€'0 |98°¢ €€ 8l 121 980 G0 L€0 0L0 8L'0- ¥S0- <¢O0L- 9¢’L- €lL¢- |00C A
910 0L0 S0°0 6L vl 201 9¢’L L0 cLy  0geC L)L AN 610 G0 20 200 ¢2’0- 9G°0- SO'L-  LG7L- GLC- |0S) [A]
L0 ZLo .00 GE'GE  $9C- 891 ¥20 |0€'S 192 8/l 4N 2cL0 0 6L°0 90'0- 820- €90 ¥lL'L- €L'L- Lee- |00L A
910 600 ¢00 |s87¢ €00- 6670 090 16C zcc 681 'L Sl 180 090 Se€0 800 62°0- 890 ¥0L- 1GL- |000C 10
910 600 200 8lL'e ¥00- €01 G0 [e6C 8l'C 18l 1€71 S0’ 8.0 190 S0 ¥0'0- G€0- 8.0 1Z}- €0%¢ |00SiL 10
€Lo 100 100 66°C 900 00'L ¢ro  |€8C¢ ¢l cLL 9aC'l 60 0.0 L7'0 9L'0 71'0- €¥'0- 980~ LZL- L6'L- |000L (0]
710 00 200 9l'e  S00 90'L Ge'0  |98¢C coc  0L'L 1" 180 €90 €e0 100 ¢C’0- €9°0- 860~ L¥L- PdlLC- |0SL 10
€Lo .00 €00 8Y'¢ L0 0L L0 [86°C L0z S9'L 0z’ 980 8G°0 S0 200 ¥Z2'0- 6G°0- <20L- LEL- 0L |00S 10
430 800 €00 06'¢ 050 6071 92’0 lge s’z €9l 90'L 920 [0 6L°0 /00- €€0- €90 <¢20lL- ¢gg- L0072 |0SC 1’0
10 800 €00 ¢l €v0 1425 20 [oFe s0C 651 4" 12°0 a4 SL0 60°0- 9€0- €10 Gl'L- 99L- ¢€g2e |00C 10
SL°0 0L0 S0°0 T4 (VAN 90'0- |S8'E 18°1 se’L 18°0 JAA) 120 000 92’0- 1G0- ¢80~ 9¥’L- L6'L- 00%- |0S) 10
10 420 00 vL'ec  Lv'l- 09'L ¥0'0- |S8'V [1%4 161 080 0S50 120 ¢0'0- /20- €G°0- 160~ 0SL- 60¢ L0%- |00L 10
1’0 G0'0 10°0 HNY MeNs  'pis ueaw 1660 S6°0 60 80 L0 90 S0 0 €0 (A1) 1’0 S0°0 100 |1 4
anjea-d sa|iuaosad
1=2¢ pue Q< Jo ased ay} ul suoljoeIduUl JRAISSHO-Uou 3y} Buiuiaouoo }sa) 1ajoweled - d~z ayj jo Joiaeyaq ajdwes ajul4 1, 9|qeL




81

Detecting Social Interactions in Bivariate Probit Models

00’} 00’} 00’} 0c’e [4%0] Ll $99 |€€6 ¥€8 C6L Sv'. Lz €89  ¥9°9 629 16°G 8G°G 4% 1784 L0’y |0000L S0
00’} 00’} 00’} c6'C 000 1071 89°G (01508 . < 5 10°L 669 G229 966G CcLS Sv'S SL'S L'y 62%v G8¢ 9z’e 0052 S0
00} 00} 860 16°C ZLo oLl S9Y LeL €69 LL'9 699 XA 6y 6Stv V¥V 80V L€ l2€ 88°C 0ce 000S S0
¥6°0 680 .0 8L'e 820 Lol oge'e 6L9 €l'G 17874 cy €8¢ g€ 8C'¢ ¥6'C 69C €eC 88’1 1G°) 66°0 00S¢ S0
68°0 280 290 L'e 910 L 16°C |LLS €8y 8¢v 06°¢ ¥G'€ 9C'e 86'C 19C €T S0¢C GG'L L) 90 0002 S0
6.0 690 810 L'e 9L'0  SLL 1G°C |€G°S vy  vOvy  9G°¢ al’e 4 KA 4 R AN A4 06'L 6G°L Ll 8.0 GZ'0- |00Si S0
€90 €560 €0 9l'e 620 L lL'e (067 80F 2s’e L0’ L2z g 90T 1L} 0S’L L) 9.0 €0 2¢c’0- |000l S0
GG°0 70 e rAl0] cLe y’0  6L7L €8’ 687y  06°¢ 8€’¢ 18 8¢¢C ¥0C 8l Ly') el €8°0 6€°0 €00 €9°0- |0S. S0
0 €0 L0 LY v90 0L €G'L 08y 8G°€ v0'€ 9’z 0L’z 8Ll er'l vl 180 6t°0 800 GZ'0- 06°0- |00S S0
620 [(FA] Lo LL'g Gl 62’1 gLl Ge's 9€’e 0LC 66'L 6G°L €Tl ¥6°0 690 L0 910 ¢2’0- 6S0- 6LL- |0sT S0
120 6L°0 Lo 0ovL €61 Ll €0’ 6t'G e G9C €6'L 191 A" 280 1G°0 620 000 S¥'0- €L0- 091- |002 S0
€20 L0 0L0 ¥0'62C LELL €2C 860 |99L sv'e  ¥SC vl se’l 0’ 2cL0 9’0 20 ¥L'0- €90- Z20L- ¥L'L- |0SL [*N0]
[440] 8L°0 Lo LL'8 66°0 0s'L 9.0 |O¥'S zee 8¥'C 29l 9Ll S8°0 SG°0 820 100 €20- 690 90°L- 8¥C- |00L S0
.0 €90 o €0'¢ 100 0L €eCc |88Y OL'vy 0L¢ oc'e 06'c ¥9¢ le'e  ¥oe L) vyl 86°0 290 70°0- |000C 0
290 €380 L€0 60°€ 00 oLl c0c  |LLv 98¢ ev'e G6'Cc 09C 92T l0c Gl vyl 60°L 090 620 69°0- |00SI ¥'0
050 8€°0 6L°0 €0e S0 1071 99'L (S0 JNNVA 4 10e 6G'C €T 6l €9l 9€’L oLl 120 €0 80°0- /9'0- |00OL 0
(3 40] L€0 9L'0 [4A 620 vl 124’ ocy ove l6C 6£C 86°L 89'L A" 10°) 610 150 000 ¥€'0- 68°0- |0S. ¥'0
GE0 G20 Lo 0L'¢ /€0 SLL 0c'L 4% 2R 69C vl L) At Sl S8°0 180 120 22’0~ 990~ ¢€l’L- |00S ¥0
€20 910 600 ¢6’lc €97C Lel ¢60 (€97 90€ e 6.1 8¢’ 0’1 1270 8%°0 Y20 €00- ¥¥r0- 180 O0O¥l- |0SC ¥0
[440] 910 80°0 08'0F 99°¢ SVl €80 |S0'S Sl'e 9€C  S9'L 8¢’ 96°0 190 3 40] €Lo 6L°0- ¢90- 00L- 08L- |00C ¥'0
020 710 00 LL'89 68C LLL €0 |€€9 zL'e Lge 1971 9Ll 980 9G°0 €0 €00 /20- SL0- €¢L- 10¢ |0S) ¥'0
020 9L0 600 Le'ZL 920~ G9'L 190 [0S'9 9C¢ 9C'C 1971 101 040 S0 8L°0 /00- L€0- 180~ LEL- 1872C |00L ¥'0
1’0 G0'0 10°0 HNY MeNs  'pis ueaw 1660 S6°0 60 80 L0 90 S0 0 €0 (A1) 1’0 S0°0 100 |1 4
anjea-d sa|iuaosad

L=2d pue p<l JO 8SEeD Y} Ul SUOI}ORIDUI B|(RAISS(O-UOU Y} Buluiaouod }s9) Jajaweled - d~z ayj Jo Joineyaq ajdwes ajiul

:(uod) £ aiqey



Johannes Jaenicke

82

00b  00b 00} |S2G 80 GO'L  GE9L |08'8L 90'8L LZZL 8LZL /89L €99L ¥E9L 909k 6LGL S¥SL 86¥L LLY¥L SO¥L |0000% 4]
00b  00b 00} |20€ 9L0 660 GE9L [898L 008L v9LL LZg/ZL 06'9L LS9L LZ9L SO09L 08GL 0SGL 60GL 6%l 6LvL |0000€ 4]
00’} 00’} 00’} 8.¢C 200 2ol v€9L |08'8L G0'8L LLZL 8LZL /89L €99L ¥€9L 909l 661 S¥SL 86Vl LLYL SO'YL [0000C c0
00b 00L 00V |€eLT 00 V0L SL'WL [9¥'9L  €6'SL  99'SL 20GL 9L 6E€¥L ZL'vL l8€L LS€L GZ'EL 082l Lv'Zl 6LLL |000SL zo
00’} 00’} 00’} oce 600 00’} €g'LL |0L'vL cgel 08¢CL Se€eh SocCh LML ¥SLL Z2LL 00'LL 690L 0€O0L 666 11’6 0000} c0
00’} 00’} 00’} 28'C 00 160 66'6 /ZcL 2oLl 6cLL €80l 1LS0L ZZOoL v6'6 €L'6 81’6 616 SGL'8 6€'8 VL. 0062 0
00'}L 00’} 00’} 102 100 00’} 91’8 850l 6.6 81’6 20’6 89'8 [4A4] 1’8 88'L 192 0e’L ¥8'9 89 96'G 000S c0
00} 00'}L 00’} 90'¢ 900 101 8.'G 12’8 8y’ 90'2L 09’9 0€'9 €09 9.'S 8Y'S SC's 6’y 8y’ Sb'y or'e 00S¢ c0
00'}L 00'}L 00’} L0'€ SL0 00’} Sl [4 A 289 61’9 00'9 99'G €' 60'S 18'v S9'v T4 68'¢ 15 98'C 0002 c0
00'}L 00'}L 160 oce 620 S0’ 'y [4WA €29 ¥8'S [45°] 66V 89V ev'y 14 06’ [4°R> el'e 28'C 14X 0051 c0
860 /60 980 |l6Z G20 2OL L9t |99 S¥S LOS  eS¥ 9L’y 98¢ 09€ G€€  O0L'e 6LC Z¥Z 80T ¥l |000L 4]
€60 /80 0L0 |[ee€ G€0 60V 6LE €19 20S SS¥ ¢y €L€  S¥'e  pL'e 98¢ 9§C 0€C  ¥8L LGl 680 |0S. 4]
280 2L0 6v0 |8L€ 620 90k 8§ |€EL'S €€y €6'€  9¥'E  vL'e GLC 99C L€ Z0C €LL €L G660 OL0 |00S zo
/G0 €¥0 2Z0 |¥S€ G20 90L €8 8§y 09 9L'e 99¢C LZ¢ €0C 18L 6SL  ¥EL LOL 0SS0 800  L¥O- |0SC 4]
6v'0 L0 020 |LL6L €8L €2V 0LV |96V L€ €€ eS¢ vl'e /8L  09L 0€L  90L 640 LEO  900- 080 |00C 4]
W0 0€0 8L0 |6 /80 0€L €51 |g§S 0L€ L0e  L¥'e S6L  S9L  6€L 8L 680 650 9L0 LZO- GZ'l- |0SL 4]
2€0 vZ0 €L0 |86v 2Z€0 82V lgL |80S S¥E 8¢ L0 €9V /€L 60L G680 6G0 820 ¥LO- 290 €6L- |00 4]
00'b  00b 00V |PLE  ZLO  €0L  BLS |L9L  ¥69 LS9  0L'9 €6  Z¥S SIS 06F S9¥ ZE€¥ L€ LG€  €6C (000 10
00'b 00b 460 |€Z€ LeO 80L LSY |0gL 0€9 S6S €S SOS ¢L¥ S¥vy €¥ ¢ee  65E  LL'E  98C  6L'CT |00SL 10
860 960 980 |€6C ¥ZO vOL 0L€ |09 LSS LS 6S¥ OC¥ lL6€ ¢9€ G€€ Zl'e €8¢ L¥Z 60T 8¢l  |000L 10
¥6'0 /80 690 |LWWE 60 2ZLL gge |09 9L'S 2Z9%v 9L'¥ SL€  9y'e  9L'e 98¢ LGC 62C ¥8L ZSL 880 |0SL 10
280 2L0 8¥0 |29€ L€O 80V 09C |lgS 9¥v L6€ 0S€ vL'€ 9.C ¥§C 0€C S0C 2L €ZL 660  ZL'0  |00S 10
/G0 €¥0  ¥ZO0 |.5€ 0€0 80L ¥8L |68V 89€ 6L'E LLC 0€C €0C 08l 8L 621 80 9¥0 200 Z¥O- |0SC 10
8y'0 860 120 |ZL€ €50 8LL 0L |98Yv S8€ 82€ l9C 6L'C 681 6GL 0€L €0L 8.0 LEO 800~ 8.0 |00C 10
(340 €0 610 oL'oL 691 6€’L 6G°L 08'S €6'¢ Sl'e 8v'C ¥0'C 19°) (% L 68°0 090 910 lco- 8ZL- [0St 10
€€0 erA0] 1] 10’8 0€'0 A 1) 69'G 99°¢ 90'¢ 9lC 0L’} Lyl el ¥8°0 180 820 GL'0- 290~ 80¢C |0OL 10
00’} 00’} 00’} 9l'e 800 S0’ v.LLL |6v'vL 8¥€L 90°€L 19¢L 9¢¢ch 66°bL  cLLL SY'LL 9Ll §8°0L €voL 600L 0C6 0000} 00
00'}L 00’} 00’} 6.°C S0°0 co’'l ZL'0L |0SCh 68'LL LSLL  Z0°LL €201 LyOL <2L'0L 986 €9'6 €6 68'8 [4°k] 98'. 0062 00
00'}L 00’} 00’} 74 600 S0’ 0€'8 €.°0L L00L 2196 616 €8'8 858 0€'8 20’8 (YA JASWA 16’9 ¥9'9 209 000S 00
00'}L 00'}L 00’} 0’ 900 90} 68'G (] cl'L €¢'L 619 €v'9 91’9 G8'S 6S°'G [39°] 00'S 19V Sy 6€°¢ 00S¢ 00
00} 00'}L 66°0 cle 810 0’ vZ's 08'2 S0 09’9 %°] LS 81’ 8L’ €6’y 0L'¥y 8€'Y 76°¢ gg'e G6'C 0002 00
00'L 00b /60 |82€ v€O LV SSV  |vWL  S¥9 009 v¥S  CL'S  SL¥ LS 9Z¥  68€ 19€ Gl'e 88T  8L'Z |00SL 00
860 960 980 |€6C €20 90k €€ |6€9 €9S €L'S €9v LZ¥ v6E G9¢€ 6€€ GL'e 68C v¥Z L0C  OvL  |00OL 00
¥6'0 880 110 |¥g€ L£0 €L GZe |€L'9 SZS 69 OC¥ 6L€ 0S€ 6L'€E 68C 09C Z€C S8l LSL  ¥60 |0SL 00
€80 2L0 050 |[8S€ 00 60V 2Z9C |S€S 9S¥ 66€ 6¥E SL'E €8¢ L/GC ¥EC SG0C €41 €2l 880  L00 |00S 00
860 G¥0 ¥Z0 |8¥€ 2Z€0 60V  98L |68V €€ vZe SL¢ le€c 90C ¢8L 8%l €€l 660 0S50 €00 8y0- |0SC 00
8y'0 L0 lZ0 |¥8v 8.0 vZL €L |lgS e6€ 9€€  €9¢C lg¢ 06'L L9L  0€L  SOL 9.0 LE0  ¥00- €L0- |00C 00
W0 2€0 6L0 |OLOL 6SL  6EL  BSL |08 €6€ SL'€  8yC  ¥0CZ /9L  O¥L  ZL'L 680 090 9L0 LZ0- 8ZL- [0Sl 00
€60 G20 GO |08 0€0 VL /2L |69S  99€  90°€  9L'c 0.1 ¥l €Ll ¥80 /G0 820 GL'O-  290- 802 |00 00
1’0 §0°0 100 [Mny Meys °p)s  uesw (660 G60 60 80 L0 90 S0 0 €0 z0 1’0 S00 100 (L 1
anjea-d sa|puaosad
L=2¢ pue (=1 Jo ased ay} ul SuoijoeIdjUI d|qeAIaSqOo-uou a3y} Buluiaduod 3sa) Jajaweled - g~z ayj jo Joiaeyaq ajdwes ajui4 :g 9|qeL




83

Detecting Social Interactions in Bivariate Probit Models

00} 00'}L 00'}L 6L°¢ 0L'0 S6°0 GeLL |0L€L 962k 09¢k SLeh 18LL 8GLL S€LL 60'LL ¥80L GS0L SGLOL 286 [A ) 0000} S0
00’} 00'L 00'L 98'¢C c0'0 60 €8'6 86'LL 9¢’LL 60°LL L90L LeoL P¥OOL 086 8G'6 1€'6 S0'6 19’8 €e'8 V.. 0062 S0
001 00} 00} 10T 900 96°0 20’8 9¢0L 096 €C6 188 168 62'8 20’8 1.1 6L 8lL'L 9.9 9’9 €09 0008 S0
00} 00'} 00'L 90'¢ ¥0°0 160 69°G 20’8 15 002 9’9 JAN) 26'G 99'G ev'g ¢S 68t ev'y L'y Sv'e 006¢ S0
00t 00'} 00} sie ZLo S6°0 90°'G [4WA €99 629 18'G 9G6'G 62'G ¥0'S 1LY 9G'y 8C'ty /8¢ gG'e 8.¢C 0002 S0
001 660 1670 el'e 610 00} 6EY ¥6°9 809 LL'S SL'G 88’y €9t o'y LY 98'¢ 0S¢ ql'e 1.2 S0¢C 00G1 S0
86°0 160 98°0 90'¢ €20 96°0 6G°€ 86°'G A 98t 'y 80t 8L'¢ 2s'e 62°¢ €0'¢ 08¢ [A&4 o w4 o'l 0001 S0
¥6°0 880 690 8c'e 920 40" cle 196 a8y 6eY 96°¢ 99°¢ 1€°€ L0'€ 18C [4°K4 8¢'¢ 181 GGl 880 0S. S0
180 €0 90 SL'e 610 00'} [A°K4 86t 14%% z28'e Le'e 16C 69°¢C [4*K4 12 €0¢ (/% 9C'L 86°0 €10 00§ S0
GG'0 A4 020 vy S00- 00} 8/.'L 6Lt Lv'e 00'e 9G6°C lee 66'L 611 9G')L Ll 0L €50 ZLo S¥'0- [0GC S0
80 Se0 610 4] oL'0- o0L') 191 A *n 4 8Y'e €0'¢ YA A4 60°¢C 405 651 0g’L S0’ 120 €e'0 ,0'0- 06°0- |00C S0
8€°0 820 910 €96 2e0 8Ll vyl LSy Sv'e s8¢ Lee 68°L 651 el 4 180 090 910 GL'0-  6L°L- [0S S0
62°0 0c0 (0] 9., ¢L0- 1T oLl oLy L0°€ 1§C 06’} 8G'L €'l 801 280 090 920 80°0- ¢90- 00¢ |00} S0
00} 00'} 00'L el'e 10 96°0 60°G ge'L 99'9 [A°] 68°G GG 0¢'S 0'S 28y 8G'v oc'y 68°'¢ 0S¢ 68°C 0002 ¥'0
00t 66°0 1670 lce €20 2oL vy 169 0L9 .’ 0C's €6’y 9t o'y e’y 98'¢ Ls'¢ al'e 6.°C SLe 00G1L ¥0
86°0 160 980 16C ¥20 86°0 29°¢ S0'9 [AN] S6'v vy oLy 18°¢ yS'e 62°¢ 90°¢ 6.¢C €T €Lre L) 0001 ¥'0
€6°0 180 690 Lee 62°0 S0'L vL'e G9'G S6'v 0S't 10'v s9'¢ ov'e 60°¢ €8¢ [f i gee 8L 9G'L 160 0S. ¥'0
180 120 JAA) 8.'¢ 820 €0’} 8¢ oL's 8¢y  88¢ 9e’e y0'€ ¥.C 1s¢ 12C 66°L (/% Ll ¥6°0 600 00§ ¥0
160 4740 00 L2y 800 €0’} 611 S99y  6S¢ 80°¢ 18T €Ce 66'L 8.1 961 621 00'L 810 800 Lv'0-  |0SC ¥0
Y0 Se0 610 196 S0°0 el ¥9'L Y9y 1G'¢ L'e €6'C oLe 18l 8G'L 0g’L 0L 6.0 0€'0 ,00- 6.0- |00C ¥'0
6€°0 820 L0 ¥8'G 80°0- ZL'} Sv'L 9G'y 61'¢ [4:%4 €ee 06'L 9L €71 el 980 1G°0 S0 6L°0- LL'L- |0SL ¥'0
0€0 120 L0 1€9 ¥0'0- 92') 9Ll 89t [A S 8G°C 96 191 el oLl 280 090 120 ¥L'0- 6S°0- €61~ |00 ¥0
00t 00'} 00'L €0'e 10 86°0 LS 9e’L ¥.'9 0’9 96°'G 19°6 [A%] S0'S 98’y 19v 9@y 88'¢ 6t'¢ 16'C 0002 €0
001 00} 160 zcce erAls) €0’} er'y 60°L 609 18 126 16 99t 8E'V 9L’y 88°¢ 1g°¢ el'e 18C oLe 00G1 €0
86°0 96°0 180 26'¢C [erAls) 00'} ¥9'¢ €L'9 'S 86’V VA4 e’y 18°¢ 9g'¢ Le'e 60°€ 8.¢C [AX4 [A%4 6E°L 0001 €0
¥6°0 880 040 [AS ze0 10°) al'e 98°'G 20’ 14504 Y0y 89°¢ ov'e oL'e €8'C 96¢C LT €8'L 9G'L €6°0 0S. €0
280 120 Lv0 8'¢ 120 S0'L 96¢C LG L2y 88¢ or'e 80°¢ 102 16C Lee 66°L 0L’} <% 06°0 [AA0] 00§ €0
160 ev'o (FA] €8'¢ S0 0L 18l 09t 1G9°€ oL'e ¥9'C ¥Z'e 10C 611 6G°L oe’L 00'L [AX0] 100 16°0- |05 €0
80 9€°0 6L°0 L'y L0 4 99'L 99t LLe [ ¥5'C 144 98'L 9g°L 8C’L 90') 8.0 0€'0 G0'0- 0.0- |00C €0
0’0 62°0 L0 100k ¥9°0 9L 61’1 S6'v 69°¢ ¥6'C vv'e 6L y9'L 8¢’ 4 /80 650 Lo 020- vZ'L- [0St €0
Ze0 (440 430 L9 90'0- [T} 8Ll 69t 44 69'C 10C 19') 1€°L L €80 090 820 €L'0-  ¥9'0- 6£2 |00} €0
1’0 G0'0 10°0 WY maNs  “plis uesw 1660 G6°0 60 80 L0 90 S0 Vo €0 (A} 1’0 G0°0 10°0 1 4
anjea-d sa|ipuasiad
1=2¢ pue @21 jJo 9sed ayj Ul suoljorIalul d|qeAlasqo-uou ay} Bujuiaouod }s9) ajaweled - g~z ayj jo Joianeyaq ajdwes ajul4 :(3uo02) g a|qel




Johannes Jaenicke

84

00l 00'L 00l y9'6L 29l 4N 62'8C (LL0E 666C 896C LlL'6C 8.8 088 628 908 <¢L/LC 6€.C 1692 ¥S9C <6'GC |0000% 20
00°L 00°L 00°L 9ey L¥0 L0°L 82'8C (S8°0€ GO0E €96C GL'6C €882 €98 628 <208 69/.¢ 6G€.C 689Z 859C 809Z |0000€ 20
00} 00°L 00} €6'C 00 0L /2’8C (09'0€ 86'6C G96C LlL'6C 8.8 088 628 908 <¢L/LC 6€.C 169C VS9C <6'GC |0000C 20
00°L 00'L 00°L 4% €00 80°L 9Y'¥C (L89C LZ9C 68GC €¥SC 90SC 0LvC vyvZ GL'v¥C 88¢€C LS€C €l'ec L92C 0L'ZZ |000SkL 20
00°L 00'L 00°L 08¢ L0 oL’ G6'6L (LGCC 08l L¥lZ ¥6'0C 050C 0Z0C 066L <C96L GE€E6L 006L 898L 6L8L <ZS.LL |0000L 20
00l 00’} 00} Lee Y20 S0’k 6¢'LL (966 S0'6L 198L 918l 8Ll 8viL vZLL LOZL €91 €¥9lL L6'SL 19GL 96l |00SZ 20
00°L 00’} 00°L ¥6'C 700 80°L L'yl |PS9L S6'SL €9'GL G0'GL 69FvL  8E€vL OLvL L8'€L LGEL LZL'€L ¥LCL O¥ZL  L9'LL [000S 20
00} 00’} 00} S6'C 900 10') 666 0ScL <¢L'VL /€Ll 06'0L 9S0L G20l 000l €6 ov'6 90'6 98 [4A°] 192 0052 20
00'L 00’} 00l 60°€ €00 2oL €6'8 ¥e'LL /90L ¥Z0L L6 Lv'6 71’6 €68 89'8 L8 L8 €9/ 62'L 124°] 000C 20
00°L 00} 00'L 60°€ Lo SO'L 692 Le'0L ¢v'6 106 96'8 0z'8 6L 1972 A2 1WA 289 €€'9 66'G [4A°] 005} 20
00l 00’} 00l oce L0 0L €9 L6 €0'8 85, yAWA 189 199 629 ¥0'9 LS 'S 108 29Y 06’ 000} 20
00'L 00} 00'L Lze 620 90'L Ii'S [4a°] €T'L ¥8'9 0€'9 66'S 89'G 124°] eL's 687y €9V Sl'y 98¢ 62'¢ 0S. 20
00°L 660 960 oge'e [4A1] 90'L Wy |8€L €29 61'S 129 6y S99V 8EY  vl'Y 98¢ 8G'¢ 0’ 89'¢C L0C 00S 20
€60 180 990 9€V 890 L oL'e 92’9 10 €Sy S6'¢ §g'e 9C'e L0¢ [9x4 T 8L¢C 88’ 2s’L 880 (0]°14 20
¥8°0 S0 €590 LS €80 (% 8.C 129 06t vey 89'¢ 62'¢ ¥6'C €97 or'e 14%4 18l vl 60°L 9€'0 002 20
.0 €90 8¢0 60'S 960 1 (344 €09 99y 86'¢ [44 €8C [4*k4 l2c 20¢C 9Ll evl 90'tL €0 €0 0S1 20
50 Zro Y20 9Ly ¥9°0 1L 16°L 29'S 454 34 112 8€C Y02 9Ll 0s’L 121 160 250 810 G5'0- [00L 20
00'}L 00’} 00l el'e 00 2oL 206 o¥'LL  920L 9€0L 066 196 €C6 668 8.8 €98 81’8 clL ov'L 999 000C 1’0
00'L 00} 00'L so'e 600 SO'L L1 0Z0L S96 SL'6 €9'8 Le'8 70’8 SL'L 8L L €69 Sv'9 16'S o) 00S} 1’0
00°L 00’} 00°L sze 600 0L 8€'9 168 9l'8 89/ (YAVA 169 ¥9'9 €9 609 ¥8'S §G6'S 90'S €9'v S6°'€ 000} 10
00'L 00’} 00l ol'e €20 90’} (Aepc} [4%°] veL 889 8€'9 ¥0'9 €L'S 8Y'S 1z's S6'7 69V LL'y 98¢ 9C'e 0S. 1’0
00'L 66°0 160 ve'e Lz0 90'L Sv'vy  (8LL 829 €8S 82’9 %Y L9V (534 2 4% 4 L6°€ 09’ LL'e LLc L'z 005 10
¥6°0 68°0 190 60'S 9.0 oL’k cl'e 81’9 16V 1Sy 86'¢ 89°¢ 0oe'e 00'e 8.C 8v'c 444 98’ €5’ 120 0S¢ 1’0
980 920 €90 65V S0 LV 08¢ S2'9 267 (444 69'¢ 12°¢ 96'C 89C e 9le 8L vl (A% S50 002 1’0
9.0 €90 6€°0 69'G 80°L 6L°L e 99 89t 16'€ 9z'e 98¢ ¥8'C [4%4 €0¢C 6L A Lo 120 820 0S1 L0
950 [ 4] erA] 68'v 160 1z 6L 909 454 ye'e 8.C yANA ¥0'C 6L Sl el 00’} 50 0z0 2¢e0-  (00k 1’0
00l 00°L 00l 18C 800 80} 82°0C (98¢ LL'2cZ 0.L1l¢c ¥Z'lec 080C €S0C €20C 966L L.6L <Cve6lL 168k +S8L G8ZL |0000L 00
00°L 00’} 00°L 62'¢ 20 €0'L 1G°/L [e€0C 9Z'6L L6'8L €¥8L 608L LLZL LGZL 0€LL 2ZOZL 0L9L L29L 86'SL <2EGL |00SZ 00
00} 00’} 00} 162 S0°0 0L sevl (6991 Gl'9L ¥8GL €2¢SL 16vL 6SvL €€yl SOVl ¥.L€L €¥el €0e€l 0L¢L 86'LL |000S 00
00'L 00’} 00°L 18C 900 90'L vL'0L (L9CL 98LL €SLL OL'LL LZ0L 6€0L €L0L /86 196 €C6 S.'8 8€'8 cLlL 00sC 00
00°L 00’} 00°L SL'e S0°0 2oL 106 SE'LL  8.0L O0O¥O0L 6S66 656 92’6 0’6 28’8 JAR:] 44"} 121 ev'L €99 0002 00
00l 00’} 00l ZL'e Lo SO’k 182 820l 6596 AN S9'8 €8 90'8 9L, SG'L 9C'L 96'9 059 109 or's 00S} 00
00'L 00'L 00'L e 600 2oL 0’9 168 8L'8 89/ [4 269 €99 8¢9 €9 06'S 09'S oL's Ly Y0y 000} 00
00’} 00’} 00’} vi'e 220 y0'L €6'G 81’8 62'L 06'9 8€'9 S0'9 v.'G 6%'S A 00'S Y9y 8L’y 88¢ 8C'¢ 0S. 00
00'L 66°0 960 €Te 9l0 0L VA4 €0'L €29 18°'S 0€'s 16V 2LV iy 8LV ¥6'€ 65 Sl'e €LC r4 00S 00
¥6°0 68°0 890 Sty S9°0 80'L el'e JANC] ¥0'S 0S'v 00t JAR 62'¢ so'e 6L¢C 1gC €ce 26°L 161 060 (0]°14 00
180 120 50 19v 8.0 AN 18¢C 9¢'9 98y (444 0L'e 62'¢ 162 0LC ev'e 9lC 98’ 1S 1% 190 002 00
9.0 €90 6€°0 69'G 80°L 6L°L e 9’9 89'v 16'€ 9C'e 98'C 8T [49%4 €0¢C 6L A Lo 120 820 0S1 00
950 €v'0 et 4] 68t 160 1zl 6L 909 [4%4 e'e 8.¢C LEC ¥0'C 6L Gl el 00} S0 0Z0 Z¢e'0- |00k 00
1’0 S0°0 10°0 HNY MY s  ‘pis ueaw 660 G6'0 60 80 L0 90 S0 o €0 20 1’0 G0°0 10°0 1 1
anjea-d sajiuassad

sa|qeueA Aiojeue|dxa
Ippe pue L=zg pue g3 Jo ased ay} Ul suoljoeIdul d|geAlasqo-uou ay} Buluiasuod }sa) sajaweled - g~z ay} jo Joineyaq ajdwes ajul4

16 3lqeL



85

00’} 00'L 00t 88'C SL°0 L GG'g8l (8Ll 9¥'0Cc 900Cc <Zs6L OL6L 828L 9¥8L LggL L6ZLL ¥9LL ZL'ZL  8.9L 86'SL |0000L S0
00'L 00’} 00’} AR 120 L0°L L09L |2L8L 88/LL Z¥LL L69L 199L 629L <209l 9LGL 6vSLk LL'SL SLvL  SE€YL  0L€L |00GL S0
00'L 00'L 001 ¥6°C 600 L LL'el |99'sL 66vL  L9YL 60¥L 89€L GEE€L 60€L 6LCL 0S¢l €Lk vLLL 8€LL  ¥S0L |000S S0
00'L 00°'L 00'} S6°C S0°0 Ll 16 68°LL  LL'LL ZL0L S20L 166 8596 [A) 668 .8 ¥¢'8 26'L e’ S99 005¢ S0
00'L 00'L 00'L AR S00 y0'L 1€'8 G/.'0L 0L0L 896 [443) 6.8 9’8 8Z'8 20’8 1072 6t'L 10°L €99 G6°'G 0002 S0
00'L 001 00'} c0¢e [4%0] 60°L 9l'L 19'6 €0'6 658 608 692 8¢’ AW 989 659 629 9L'G Gge's 99’y 0051 S0
00'L 001 00'} 9l'e S0 80'L 88°'G S9'8 LLL L€ L9 Sv'9 609 ¥8'G 8G°G €e'g 10'S [4A*R4 1484 9€'e 0001 S0
00'L 00} 66°0 er'e €0 L oL's S0'8 20°. 8G9 009 G9'G A 10°G {774 VA4 457 19°¢ ve'e 6.°C 0G. S0
660 860 160 see 9¢€°0 el A4 AW €09 29'G €0'G 19Y ey L0V 8¢ €G'¢ 6L°¢ 69'¢C ye'e 18l 00S S0
68°0 080 160 LEY 120 8Ll [4:x4 1G9 667 er'y 8¢ e 80°¢ 08¢ 1GC vee 961 851 yeL 90 (014 S0
8.0 040 80 819 90 8¢’ €9'¢C 96'9 10'G erAa4 GgG'e oL'e 9.¢C 0S¢ 0ze 96°'L 8G°L 6L°L ¥8°0 €10 002 S0
190 950 Se0 9.'G L) A% Lee ¥8'9 1LY 26°¢ AR ¥.'C vv'e 14%4 Z8’L 167} et 180 090 000 0SL S0
0S°0 6€°0 €20 €8'¢ 290 8C'L 8L ¥ ve'v vy'e cLe 62'¢C ¥6'L 9L 6€’L 4’ 180 00 ¥0°0 86°0- |00l S0
00’} 00’} 00'} SL'e €00 €0’} VAK] ¥0'LL  €€0L V66 i) S0'6 08'8 S8 628 20’8 SL'L 0g’.L 26'9 S0'9 0002 0
00'L 00'L 00’} Le 600 L0°L 6¢'L ¥0'0L 8L'6 9.'8 1€'8 06°L 1972 8¢’ 80°. G689 2S8'9 €09 09'S 18y 0051 0
00'L 001 00'} eLe [4%0] 90'L 909 ZcL'8 98°. 6€°L G669 299 629 €09 8.°G €66 6L°G LWLy 9tV €9'¢ 0001 0
00'L 001 00'} l2¢ Se0 oLl [erA; 174 1072 699 L9 8L'G [Aege] (A4 16'Y Y9y (o[5n74 Gég8'e yS'e 86°C 0S. 0
66°0 660 ¥6°0 9¢'¢ 0€0 oL'L Gevy |€TL 4% 69°G 60°G SL'Y 8yt (A4 v6'¢€ 69°¢ 9¢’e 298¢ a'e 16°1L 00S 0
06'0 €80 19°0 €8'8 et 8Ll 66'C 9’9 ¥0'G Ly 18'¢ 61'¢ glL'e 06'C 6G°C €ee s0¢C S9'L 9¢’L S0 0S¢ 0
180 20 80 VAN So'L ra’ 69'¢C €9 4874 (015874 96°¢ sle €8°C S6'C 62°C 20 691 6C'L €60 L0 002 0
040 850 9€°0 Ly 180 <% €e'e L9 Yo'y 18°€ 6L°¢ 8.¢C Sv'e Lee 681 Y91 9¢’L ¥6°0 €90 800 oSl 0
€90 [540] 20 [el0n7 8.0 8¢’ 88'L 98'G er'y LY'E 6.°¢C 8¢'C 00¢ L) er'l 8Ll 060 L0 00 29'0- |00L 0
00'L 00'L 00'L oL'e €00 [4n* 1.8 ZL'LL 0S0L OLO0L €96 Y26 00'6 G.'8 0S8 vZ'8 86 YA A e €9 0002 €0
00'L 00°'L 00'} 90°¢ 600 S0'L 99, LL'0L  LE6 G6'8 V'8 .08 L1 €9'L 0g’.L 20°L 699 2’9 G8'G S0'G 00G1 €0
00'L 00t 00’} 80°¢ 600 y0'L 129 9.'8 S6°L 0G°2 102 S.'9 9’9 029 €6'G 99'G €'G €8’y VA4 9.'¢ 0001 €0
00'L 00t 00’} vee L€0 L0°L 1€°'G 82’8 1 129 €29 68°G 196 €' €0'G 08’y e’y 66°¢ 0L'e eL'e 0G. €0
00'L 660 S6°0 lT¢ Y20 80'L vy 8L 19 v.'G 8L'G S8y 65 €€V €0y L€ JAAS ¥6'C 19C 681 00S €0
€6°0 S8°0 90 eey 690 A% [l €€'9 Y6’y sy’ 88°¢ [A°K> [44S 16'C 89'C 8¢'C Le 9L'L o'l 180 0S¢ €0
€80 ¥2°0 150 96°'G ¥6°0 L v.'C 129 88’y T4 €9'¢ cce 18C 09'¢ ve'C 60°C 8.'L el 801 9€'0 002 €0
2cL0 090 8€°0 66°¢ 6.0 0c'L 1€C 88'G LY 06°¢ oce 8¢ 1g¢C 0g'e S6'L 89'L 6E’L 860 99'0 €10 0SlL €0
€50 L0 20 96°¢ 690 €Tl 68'L 29'S L2y 0S¢ 10T €T 00¢ €L') 6L (x4’ €60 Lv0 10 Sv'0- |00l €0
1’0 S0°0 10°0 WY CMeNS  'pIs uesw 660 G6'0 60 80 L0 9’0 S0 o €0 Al 1’0 G600 10°0 1 4
anjea-d sa|ipuassad

Detecting Social Interactions in Bivariate Probit Models

soa|gelieA Aiojeuejdxa
Jeuonippe pue L=zg pue g Jo aSed Y} U] SUOI}DeId)UI d|qeAIdSqO-Uou 3y} Buluiasuod }s9) Jajaweled - g~z ay) jo Joiaeyaq ajdwes ajulyd :(Juod) ¢ ajqel



