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Figure 2: Example of threshold distribution with observed θ-attribute

ci ~ f(Q)

qi pi(ci = 1 | qi) = F(qi,Q)
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Left panel: Given the θ-attribute θi, observing a positive decision outcome χi = 1 implies that agent-specific threshold ci is
located to the left of θi, as indicated by the shaded area. Right panel: Given the θ-attribute θi, observing a negative decision

outcome χi = 0 implies that agent-specific threshold ci is located to the right of θi, as indicated by the shaded area.
In this example, we assume normally distributed thresholds.
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Figure 3: Distribution of Monte Carlo estimates of the parameters Ω for three different threshold distributions.
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M = 1, 000 Monte Carlo simulations with N = 50, 000 agents. The true values are represented by a black vertical line with short
dashes. The average estimate is represented by the blue vertical line with dots. Top panels: estimates of normal distributed

thresholds. Middle panel: estimates of gamma distributed thresholds. Bottom panels: estimates of beta distributed thresholds.
For all simulations, we set the θ-attribute such that it follows a normal distribution: θ ∼ N (.5, .0225). Set of parameters for

threshold distributions: (i)C ∼ N (.7, .004); (ii)C ∼ Γ(1.5, .5); and (iii)C ∼ B(5, 2).
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Figure 4: Scatter plot of the parameters’ estimates for the gamma and beta scenarios
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M = 1, 000 Monte Carlo simulations with N = 50, 000 agents. Left panel: estimates of shape and scale parameters of gamma
distributed thresholds. Right panel: estimates of shape 1 and shape 2 parameters of beta distributed thresholds.
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Figure 5: Threshold distributions for all manufacturing and three selected sectors.
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For each industry and type of market participation, the formal definition of the density function can be found in Table 8.
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Figure 6: The dynamics of threshold distributions in French manufacturing: 1990-2007
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The moments and percentiles of the threshold distribution are based on the estimated gamma parameters for all manufacturing
using total factor productivity as the θ-attribute, net of industry×year effects. p10, p25, p75 and p90 stand for the 1st decile, the

1st quartile, the 3rd quartile and the 9th decile of the threshold distribution, respectively.

37



Table 1: Mean squared errors of the estimated first four moments over the different scenarios.

Assumed c True c A2 µ σ2 sk k

True Values

N 0.700 0.040 0.000 0.000
Γ 0.750 0.375 1.633 4.000
B 0.714 0.026 0.596 0.120

RMSE as Share of True Values

N N 3 0.003 0.023 - -
Γ N 7 0.049 0.533 - -
B N 7 0.022 0.242 - -

N Γ 7 0.203 0.452 1.000 1.000
Γ Γ 3 0.012 0.052 0.015 0.029
B Γ 7 0.243 0.731 1.152 1.321

N B 7 0.104 1.508 1.000 1.000
Γ B 7 0.074 1.158 2.025 5.675
B B 3 0.002 0.016 0.015 0.064

M = 1, 000 Monte Carlo simulations with N = 50, 000
agents. 3: Assumption A2 holds. 7: Assumption A2 is vi-
olated. sk: Skewness. ku: Kurtosis. For all simulations, we
set the θ-attribute such that it follows a normal distribution:
θ ∼ N (.5, .0225). Set of parameters for threshold distri-
butions: (i) C ∼ N (.7, .004); (ii) C ∼ Γ(1.5, .5); and (iii)
C ∼ B(5, 2).
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Table 2: Vuong’s ranking of distributions, by type of true threshold distribution

Vuong diagnosis True c: N True c: Γ True c: B

N � B � Γ 0.961
N � Γ ∼ B 0.025
N � Γ � B 0.011
N ∼ B � Γ 0.001 0.001

Γ � N ∼ B 0.026
Γ � N � B 0.707
Γ � B � N 0.267

B � N � Γ 0.002 0.867
B � Γ � N 0.131
B � Γ ∼ N 0.001

M = 1, 000 Monte Carlo simulations with N =
50, 000 agents for each true threshold distribution. Fig-
ures represent the share of simulation representing
Vuong’s diagnosis appearing as row heads. For exam-
ple: N � B � Γ must be read as "The normal distri-
bution is preferred over the beta distribution which is
preferred over the gamma distribution.

39



Table 3: Root Mean Squared Errors (RMSE) as a share of the true value for the estimated first four moments over the
different scenarios

MSE IS IM σε = 5% σε = 10% σε = 15%

N distributed thresholds

µ 3 0.003 0.003 0.003
σ2 3 0.023 0.024 0.026
sk 3 - - -
ku 3 - - -

µ 3 0.003 0.003 0.003
σ2 3 0.023 0.023 0.023
sk 3 - - -
ku 3 - - -

µ 3 3 0.003 0.003 0.003
σ2 3 3 0.023 0.024 0.026
sk 3 3 - - -
ku 3 3 - - -

Γ distributed thresholds

µ 3 0.012 0.012 0.012
σ2 3 0.052 0.052 0.052
sk 3 0.015 0.015 0.015
ku 3 0.030 0.030 0.030

µ 3 0.012 0.014 0.020
σ2 3 0.053 0.065 0.098
sk 3 0.015 0.018 0.027
ku 3 0.030 0.037 0.056

µ 3 3 0.012 0.014 0.021
σ2 3 3 0.054 0.066 0.101
sk 3 3 0.015 0.018 0.028
ku 3 3 0.031 0.037 0.056

B distributed thresholds

µ 3 0.002 0.002 0.002
σ2 3 0.016 0.017 0.020
sk 3 0.015 0.015 0.015
ku 3 0.064 0.063 0.068

µ 3 0.002 0.003 0.006
σ2 3 0.017 0.025 0.047
sk 3 0.016 0.025 0.045
ku 3 0.066 0.085 0.137

µ 3 3 0.002 0.003 0.005
σ2 3 3 0.017 0.029 0.058
sk 3 3 0.016 0.025 0.046
ku 3 3 0.066 0.077 0.111

M = 1, 000 Monte Carlo simulations with N = 50, 000 agents. 3: As-
sumption in the specific column is violated. sk: Skewness. ku: Kurtosis.
For all simulations, we set the θ-attribute such that it follows a normal dis-
tribution: θ ∼ N (.5, .0225). Set of parameters for threshold distributions: (i)
C ∼ N (.7, .004); (ii) C ∼ Γ(1.5, .5); and (iii) C ∼ B(5, 2). The true moment
values are displayed in Table 1.
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Table 4: Vuong’s ranking of distributions, by type of true threshold distribution

Vuong diagnosis True c: N True c: Γ True c: B

N � B � Γ 0.990 0.326
N � Γ ∼ B 0.008
N � Γ � B 0.002
N ∼ B � Γ 0.015

Γ � N ∼ B 0.016
Γ � N � B 0.110
Γ � B � N 0.873

B � N � Γ 0.550
B � Γ � N 0.001 0.109

M = 1, 000 Monte Carlo simulations with N =
50, 000 agents for each true threshold distribution un-
der the presence of imperfect sorting and imperfect
measurement (IS-IM) with a 5% shock size. Figures
represent the share of simulation representing Vuong’s
diagnosis appearing as row heads. For example: N �
B � Γ must be read as "The normal distribution is
preferred over the beta distribution which is preferred
over the gamma distribution.
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Table 5: Participation rates and productivity premium, by industry

Industry Name ] Obs. PR TFPP

Market participation

All Manufacturing 339,088 .740 .042

Automobile 9,276 .798 .022
Chemicals 35,360 .836 .025
Clothing and Footwear 27,632 .675 .136
Electric and Electronic Components 14,421 .773 .059
Electric and Electronic Equipment 18,522 .752 .063
House Equipment and Furnishings 23,707 .822 .049
Machinery and Mechanical Equipment 62,094 .702 .043
Metallurgy, Iron and Steel 60,856 .728 .008
Pharmaceuticals 9,067 .914 .030
Printing and Publishing 29,307 .612 .046
Textile 21,659 .800 .075
Transportation Machinery 5,125 .795 .057
Wood and Paper 22,062 .692 -.014

Market entry

All Manufacturing 74,832 .231 .017

Automobile 1,635 .252 .006
Chemicals 5,026 .266 .008
Clothing and Footwear 7,358 .197 .055
Electric and Electronic Components 2,858 .246 .035
Electric and Electronic Equipment 3,775 .218 .018
House Equipment and Furnishings 3,488 .280 .029
Machinery and Mechanical Equipment 15,612 .236 .014
Metallurgy, Iron and Steel 14,362 .231 .006
Pharmaceuticals 660 .312 -.039
Printing and Publishing 9,735 .218 .020
Textile 3,687 .234 .037
Transportation Machinery 886 .234 .003
Wood and Paper 5,750 .203 -.019

Market remaining

All Manufacturing 219,747 .929 .044

Automobile 6,577 .947 .021
Chemicals 26,278 .956 .029
Clothing and Footwear 15,974 .913 .129
Electric and Electronic Components 9,762 .943 .056
Electric and Electronic Equipment 11,918 .942 .074
House Equipment and Furnishings 17,018 .948 .048
Machinery and Mechanical Equipment 38,160 .912 .048
Metallurgy, Iron and Steel 38,957 .926 .010
Pharmaceuticals 7,334 .975 .062
Printing and Publishing 15,490 .870 .044
Textile 15,233 .947 .071
Transportation Machinery 3,570 .947 .073
Wood and Paper 13,476 .920 .001

PR: participation rate. TFPP: Total Factor Productivity Premium.
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Table 6: Maximum likelihood scores and number of iterations, by industry

Industry Name lN (µ, σ) lΓ(α, β) lB(α, β) ]ite.N ]ite.Γ ]ite.B

Market participation

All Manufacturing -191,631.4 -191,567.3 -191,782.3 4 7 5

Automobile -4,640.3 -4,639.1 -4,642.3 4 9 7
Chemicals -15,669.5 -15,663.3 -15,672.1 6 9 6
Clothing and Footwear -15,806.7 -15,791.5 -15,895.9 6 12 7
Electric and Electronic Components -7,541.9 -7,550.2 -7,549.3 4 9 4
Electric and Electronic Equipment -10,084.2 -10,115.2 -10,095.5 4 9 4
House Equipment and Furnishings -10,886.4 -10,882.5 -10,897.3 5 7 6
Machinery and Mechanical Equipment -37,089.7 -37,100.5 -37,117.1 4 9 3
Metallurgy, Iron and Steel -35,626.5 -35,615.8 -35,629.7 5 27 6
Pharmaceuticals -2,639.4 -2,634.0 -2,642.3 6 11 8
Printing and Publishing -19,319.5 -19,320.6 -19,326.8 5 12 5
Textile -10,488.5 -10,475.7 -10,509 4 7 3
Transportation Machinery -2,540.8 -2,540.8 -2,542.7 3 10 5
Wood and Paper - - - - - -

Market entry

All Manufacturing -40,329.1 -40,325.9 - 4 18 -

Automobile -922.6 - - 4 - -
Chemicals -2,908.5 - - 4 - -
Clothing and Footwear - -3,598.5 -3,598.5 - 11 4
Electric and Electronic Components -1,581.9 -1,583.4 -1,583.1 19 6 6
Electric and Electronic Equipment -1,974.8 -1,975.3 - 6 22 -
House Equipment and Furnishings -2,053.9 -2,054.6 - 4 11 -
Machinery and Mechanical Equipment -8,510.4 -8,509.9 - 8 16 -
Metallurgy, Iron and Steel -7,753 - - 3 - -
Pharmaceuticals - - - - - -
Printing and Publishing -5,092.6 -5,090.6 - 5 22 -
Textile -1,991.1 -1,989.7 -1,992.7 9 8 5
Transportation Machinery -481.6 - - 5 - -
Wood and Paper - - - - - -

Market remaining

All Manufacturing -55,426.8 -55,410.1 -55,466.6 5 6 12

Automobile -1,359.1 -1,358.3 -1,359.4 5 13 12
Chemicals -4,686.9 -4,686.5 -4,687.2 5 13 11
Clothing and Footwear -4,403.4 -4,398.2 -4,427.9 4 9 5
Electric and Electronic Components -2,086.7 -2,086.9 -2,086.7 4 7 9
Electric and Electronic Equipment -2,565 -2,571.7 -2,567.7 4 8 8
House Equipment and Furnishings -3,446.9 -3,445.1 -3,449.4 4 6 8
Machinery and Mechanical Equipment -11,113.9 -11,118.9 -11,119.8 4 12 7
Metallurgy, Iron and Steel -10,308.2 -10,305.3 -10,309.2 7 24 13
Pharmaceuticals -852.3 -848.7 -855.5 4 7 9
Printing and Publishing -5,919.8 -5,920.7 -5,920.6 4 8 9
Textile -3,070.6 -3,068.4 -3,073.8 5 6 6
Transportation Machinery -717.3 -718.2 -717.2 4 7 7
Wood and Paper -3,746.7 - -3,746.7 9 - 12

θ-attribute: Total Factor Productivity. l: log likelihood value. ]ite: Number of iterations.

43



Table 7: Maximum likelihood estimation of participation threshold distributions, using Total Factor Productivity as the
θ-attribute

Industry Name Nµ Nσ2 Γµ Γσ2 Γp50 Bµ Bσ2 Bp50

Market participation

All Manufacturing .195 .284 .397 .189 .254 .315 .100 .198

Automobile -.079 .550 .336 .291 .118 .238 .103 .050
Chemicals -.212 .587 .276 .230 .079 .198 .090 .023
Clothing and Footwear .419 .060 .455 .050 .419 .426 .049 .412
Electric and Electronic Components .229 .168 .359 .119 .256 .307 .077 .227
Electric and Electronic Equipment .279 .142 .382 .116 .287 .334 .074 .272
House Equipment and Furnishings .105 .216 .302 .105 .197 .247 .075 .131
Machinery and Mechanical Equipment .332 .152 .436 .120 .348 .375 .080 .325
Metallurgy, Iron and Steel -.995 6.451 1.463 18.098 .022 .279 .174 .000
Pharmaceuticals -1.253 1.711 .157 .215 .002 .094 .063 .000
Printing and Publishing .370 .363 .582 .387 .381 .425 .126 .359
Textile .194 .161 .334 .087 .252 .281 .072 .194
Transportation Machinery .185 .181 .337 .101 .244 .284 .075 .194
Wood and Paper - - - - - - - -

Market entry

All Manufacturing 1.581 2.048 6.516 87.751 2.878 - - -

Automobile 2.354 7.426 - - - - - -
Chemicals 2.022 5.666 - - - - - -
Clothing and Footwear - - 1.665 2.133 1.263 .771 .090 .934
Electric and Electronic Components 1.018 .526 2.073 4.856 1.364 .741 .110 .930
Electric and Electronic Equipment 1.532 1.692 6.988 99.457 3.128 - - -
House Equipment and Furnishings 1.002 .673 2.017 5.164 1.254 - - -
Machinery and Mechanical Equipment 1.456 1.665 4.701 4.062 2.322 - - -
Metallurgy, Iron and Steel 3.060 11.710 - - - - - -
Pharmaceuticals - - - - - - - -
Printing and Publishing 1.605 1.918 5.241 49.044 2.620 - - -
Textile 1.140 .748 2.220 5.665 1.449 .755 .116 .965
Transportation Machinery 6.046 57.867 - - - - - -
Wood and Paper - - - - - - - -

Market remaining

All Manufacturing -.335 .355 .148 .065 .043 .109 .045 .004

Automobile -.873 .769 .100 .077 .002 .071 .037 .000
Chemicals -.719 .543 .089 .052 .004 .066 .031 .000
Clothing and Footwear .126 .094 .256 .037 .210 .206 .042 .136
Electric and Electronic Components -.265 .259 .132 .049 .041 .105 .037 .009
Electric and Electronic Equipment -.084 .157 .158 .042 .083 .131 .036 .038
House Equipment and Furnishings -.357 .305 .125 .046 .036 .091 .035 .003
Machinery and Mechanical Equipment -.021 .173 .210 .054 .133 .168 .047 .067
Metallurgy, Iron and Steel -2.765 5.249 .210 .989 .000 .079 .060 .000
Pharmaceuticals -.898 .537 .063 .026 .003 .036 .019 .000
Printing and Publishing -.287 .546 .227 .161 .061 .165 .077 .010
Textile -.263 .243 .136 .041 .056 .100 .035 .007
Transportation Machinery -.087 .148 .164 .035 .100 .129 .034 .042
Wood and Paper -3.187 476.9 - - - .080 .072 .000

Nµ: Estimated mean of the normal distribution;Nσ2 : estimated variance of the normal distribution; Γµ: es-
timated mean of the gamma distribution; Γσ2 estimated variance of the gamma distribution; Γp50 : estimated
median of the gamma distribution; Bµ: estimate mean of the beta distribution; Bσ2 : estimated variance of
the beta distribution; Bp50 : estimated median of the beta distribution.
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Table 8: Vuong’s z test for model selection using Total Factor Productivity as the θ-attribute

Industry Name zN ,Γ zN ,B zΓ,B Ranking Conclusion

Market participation

All Manufacturing -371.9 1,601.1 66.5 Γ � N � B C ∼ Γ(.8, .5)

Automobile -146.3 1,001.6 246.9 Γ � N � B C ∼ Γ(.4, .9)
Chemicals -397.5 608.2 352.3 Γ � N � B C ∼ Γ(.3, .8)
Clothing and Footwear -49 127.1 69.6 Γ � N � B C ∼ Γ(4.2, .1)
Electric and Electronic Components 75.4 372.3 -8.9 N � B � Γ C ∼ N (.2, .4)a

Electric and Electronic Equipment 84.7 132.1 -111.8 N � B � Γ C ∼ N (.3, .4)a

House Equipment and Furnishings -8.4 524.4 15.3 Γ � N � B C ∼ Γ(.9, .3)
Machinery and Mechanical Equipment 14.7 1,146.0 132.1 N � Γ � B C ∼ N (.3, .4)
Metallurgy, Iron and Steel -1,031.4 1,551.8 704.4 Γ � N � B C ∼ Γ(.1, 12.4)
Pharmaceuticals -307.5 284.2 165.6 Γ � N � B C ∼ Γ(.1, 1.4)
Printing and Publishing 26.6 30.5 63.7 N � Γ � B C ∼ N (.4, .6)
Textile -193.2 23.3 14.8 Γ � N � B C ∼ Γ(1.3, .3)
Transportation Machinery -.6 179.5 42.4 N ∼ Γ � B C ∼ N (.2, .4) or C ∼ Γ(1.1, .2)
Wood and Paper - - - ∅ ∅

Market entry

All Manufacturing -18.7 - - Γ � N C ∼ Γ(.5, 13.5)

Automobile - - - N C ∼ N (2.4, 2.7)
Chemicals - - - N C ∼ N (2.0, 2.4)
Clothing and Footwear - - .3 Γ ∼ B C ∼ Γ(1.3, 1.3) or C ∼ B(.7, .2)
Electric and Electronic Components 33.3 98.8 -23.6 N � B � Γ C ∼ N (1.0, .7)a

Electric and Electronic Equipment 133.6 - - N � Γ C ∼ N (1.5, 1.3)
House Equipment and Furnishings 75.6 - - N � Γ C ∼ N (1.0, .8)
Machinery and Mechanical Equipment -149.1 - - Γ � N C ∼ Γ(.6, 8.5)
Metallurgy, Iron and Steel - - - N C ∼ N (3.1, 3.4)
Pharmaceuticals - - - ∅ ∅
Printing and Publishing -287.4 - - Γ � N C ∼ Γ(.6, 9.4)
Textile -154 337.9 171 Γ � N � B C ∼ Γ(.9, 2.6)
Transportation Machinery - - - N C ∼ N (6.0, 7.6)
Wood and Paper - - - ∅ ∅

Market remaining

All Manufacturing -402.3 868.1 467.7 Γ � N � B C ∼ Γ(.3, .4)

Automobile -223.7 517.3 196.2 Γ � N � B C ∼ Γ(.1, .8)
Chemicals -106.7 236 94.6 Γ � N � B C ∼ Γ(.2, .6)
Clothing and Footwear -71.7 68.5 48.6 Γ � N � B C ∼ Γ(1.8, .1)
Electric and Electronic Components 9.7 -.4 -13.7 N ∼ B � Γ C ∼ N (−.3, .5) or C ∼ B(.0, 1.4)
Electric and Electronic Equipment 77 193.7 -84.1 N � B � Γ C ∼ N (−.1, .4)a

House Equipment and Furnishings -157.4 372.2 15.6 Γ � N � B C ∼ Γ(.3, .4)
Machinery and Mechanical Equipment 228.6 832.6 22.4 N � Γ � B C ∼ N (−.0, .4)
Metallurgy, Iron and Steel -94.9 1,005.0 562.4 Γ � N � B C ∼ Γ(.0, 4.7)
Pharmaceuticals -225.2 236.3 125.3 Γ � N � B C ∼ Γ(.2, .4)
Printing and Publishing 92.5 68.2 -4.3 N � B � Γ C ∼ N (−.3, .7)a

Textile -175.9 435.2 161.8 Γ � N � B C ∼ Γ(.4, .3)
Transportation Machinery 19.6 -30 -11.5 B � N � Γ C ∼ B(.3, 2.0)
Wood and Paper - -993.3 - B � N C ∼ B(.0, .0)

zN ,Γ: HN∼Γ : |z| < +1.96 HN�Γ : z ≥ +1.96 HΓ�N : z ≤ −1.96.
zN ,B : HN∼B : |z| < +1.96 HN�B : z ≥ +1.96 HB�N : z ≤ −1.96.
zΓ,B : HΓ∼B : |z| < +1.96 HΓ�B : z ≥ +1.96 HB�Γ : z ≤ −1.96.
The [a] symbol indicates that caution is needed in the dominance ofN overB, as revealed by Monte Carlo results presented
in Section 3.3.3.

45



Table 9: Occurrence of diagnosis, according to the type of market participation

Ranking Participation Entry Remaining

No density fit

∅ 22 67 19

Unique density fit

N 1 20 0
Γ 0 20 1
B 1 10 0

Two density fits

N � Γ 0 6 0
N � Ba 3 2 2
Γ � B 0 23 0
Γ � N 0 22 0
B � N 3 0 5
B � Γ 0 12 0
Γ ∼ B 0 2 0

Tree density fits

N � Γ � B 25 3 16
N � B � Γa 44 7 32
N ∼ Γ � B 5 0 1
N ∼ Γ ∼ B 2 2 1
N ∼ B � Γ 0 1 0
Γ � N � B 98 13 78
Γ � B � N 11 7 14
Γ ∼ B � N 2 0 0
B � N � Γ 14 2 48
B � Γ � N 3 2 3
B � N ∼ Γ 0 0 1

Overall dominance

N 80 47 51
Γ 111 87 94
B 21 26 57

Total

234 221 221

Figures represent counts of estimated densities for
market participation, market entry or market remain-
ing. The overall number of estimated densities for
market participation is 13 industries observed for 18
years, yielding 234 trials of density estimation. Ac-
counting for entry or remaining imply the loss of the
first year of observation due to the use of a lagged
year in identifying firm market entry and/or remain-
ing.
The [a] symbol indicates that caution is needed in the
dominance of N over B, as revealed by Monte Carlo
results presented in Section 3.3.3.
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Appendix A. Algorithms for the Monte Carlo simulation exercises

Baseline Monte Carlo Settings

The Monte Carlo simulations are carried out as follows:

1. fix a sufficiently large number of agents N ;

2. simulate the true θ-attribute data θT from a known distribution g;

3. simulate the true threshold dataCT from a known distribution f ;

4. let the agents compute their individual decision outcomes χ according to Equation 1;

5. using the information available to the social researcher (i.e., θ and χ), estimate via maximum likeli-

hood the parameters Ω̂ that characterize the threshold distribution f ;

6. repeat steps 2 to 5 a sufficient number of times M ; and

7. use the M estimates Ω̂ to evaluate the goodness of the estimation.

Monte Carlo Settings - Testing Assumption A2

The Monte Carlo simulations are carried out as follows:

1. fix a sufficiently large number of agents N ;

2. fix a set of probability density functions F = f1, f2, . . . , fK to be used for the generation of the true

thresholds and as priors (i.e. F̂) for the estimation of the threshold distribution parameters;

3. simulate the true θ-attribute data θT from a known distribution g;

4. simulate the true threshold dataCT from the distribution fk;

5. let the agents compute their individual decision outcomes χ according to Equation 1;

6. using the information available to the social researcher (i.e., θ and χ), estimate via maximum likeli-

hood the parameters Ω̂ that characterize all the threshold distributions priors F̂ ;

7. compute all the pairwise Vuong z statistics;

8. repeat steps 3 to 7 a sufficient number of times M ;

9. use all the M estimates Ω̂ to evaluate the goodness of the estimation;

10. repeat steps 3 to 9 K times, each time using as true distribution of threshold a new the density

function belonging to the set F , as defined at step 2;

11. for each of the true fk evaluate and compare the estimation errors generated by all the priors in F̂ ;

12. for each of the true fk evaluate and compare the Vuong tests, to verify if the correct prior density f̂k

has been preferred to the alternative priors in the set F̂ .
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Monte Carlo Settings - Testing Assumption A4

The Monte Carlo simulations are carried out as follows:

1. fix a sufficiently large number of agents N ;

2. fix a vector of noise σ = σ1, σ2, . . . , σK ;

3. simulate the true θ-attribute data θT from a known distribution g;

• generate also the noisy θ-attribute data θε = θT + εθ ;

4. simulate the true threshold dataCT from the known distribution fk;

• generate also the noisy threshold dataCε = CT + εc;

5. let the agents compute their individual decision outcomes χ according to Equation 12;

6. using the information available to the social researcher, estimate via maximum likelihood the param-

eters Ω̂ that characterize the threshold distribution fk;

7. repeat steps 3 to 6 a sufficient number of times M ;

8. use the M estimates Ω̂ to evaluate the goodness of the estimation;

9. repeat steps 3 to 8 for all the noise levels σ, as defined at step 2; and

10. evaluate and compare the goodness of all the values of σ.
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Appendix B. Distributions

B.1 Univariate normal distribution

In the case of a normal distribution, the probability density function is defined as:

f(x) =
1

σ
√

2π
exp

(
−1

2

(x− µ)2

σ2

)
(B.1)

where µ and σ represent the average and the standard deviation, respectively. This distri-

bution is typically denoted as x ∼ N (µ, σ2). Integrating over the interval (−∞, x̄] yields the

cumulative density function:

F (x) =
1

σ
√

2π
exp

∫ x̄

−∞

(
−1

2

(x− µ)2

σ2

)
dx (B.2)

B.2 Univariate gamma distribution

In the case of a gamma distribution, the probability density function is defined as:

f(x) =
1

Γ(α)βα
xα−1exp

(
−x
β

)
(B.3)

where α > 0 and β > 0 represent the shape and scale parameters, respectively, and Γ(α) =∫∞
0 tα−1exp(−t)dt is the gamma function. The mean and variance of this distribution are a

combination of shape and scale parameters and read as µ = αβ and σ2 = αβ2, respectively.

This distribution is typically denoted as x ∼ Γ(α, β). Integrating over the interval (0, x̄] yields

the cumulative density function:

F (x) =
1

Γ(α)βα

∫ x̄

0
xα−1exp

(
−x
β

)
dx (B.4)

B.3 Univariate beta distribution

For a beta distribution, the probability density function is defined as:

f(x) =
1

B(α, β)
xα−1(1− x)β−1 (B.5)
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Figure B.1: Examples of normal, gamma and beta distributions.
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Figures are drawn with parametrizationN (0.5, 0.0225) for the normal, Γ(1.5, .2) for the gamma and B(5, 2) for the beta.

where α > 0 and β > 0 represent the shape1 and shape2 parameters, and B(α, β) = Γ(α+β)
Γ(α)Γ(β) is

the beta function, a normalization constant derived from the composition of gamma functions

and that ensures the total probability is one. The mean and variance of this distribution are a

combination of shape1 and shape2 parameters and read as µ = α
α+β and σ2 = αβ2, respectively.

This distribution is typically denoted as x ∼ B(α, β). Integrating over the interval (0, 1) yields

the cumulative density function:

F (x) = Ix(α, β) =

∫ x
0 t

α−1(1− t)β−1dt∫ 1
0 t

α−1(1− t)β−1dt
(B.6)

where Ix(α, β) is the regularized incomplete beta function, which is the ratio between the in-

complete beta function (integral between 0 and x), while the denominator the complete beta

function (integral between 0 and 1).

Examples of the three distributions are reported in Figure B.1.
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Appendix C. Productivity measures

All nominal output and input variables are available at the firm level. Industry-level data are

used for price indexes, hours worked and depreciation rates.

Output

Gross output deflated using sectoral price indexes published by INSEE (French System of

National Accounts).

Labor

Labor input is obtained by multiplying the number of effective workers (i.e., the number of

employees plus the number of outsourced workers minus workers taken from other firms) by

average hours worked. The annual series for hours worked are available at the 2-digit industry

level and provided by GGDC Groningen Growth Development Center). This choice has been made

because there are no data on hours worked in the EAE survey. Note also that a large decline in

hours worked occurred between 1999 and 2000 because of the specific "French 35 hours policy"

(on average, hours worked fell from 38.39 in 1999 to 36.87 in 2000).

Capital input

Capital stocks are computed from the investment and book value of tangible assets follow-

ing the traditional perpetual inventory method (PIM):

Kt = (1− δt−1) Kt−1 + It (C.1)

where δt is the depreciation rate and It is real investment (deflated nominal investment).

Both investment price indexes and depreciation rates are available at the 2-digit industrial clas-

sification from INSEE data series.

Intermediate inputs

Intermediate inputs are defined as purchases of materials and merchandise, transport and

traveling, and miscellaneous expenses. They are deflated using sectoral price indexes for inter-

mediate inputs published by INSEE (French System of National Accounts).

Input cost shares

Withw, c andm denoting the wage rate, user cost of capital and price index for intermediate

inputs, respectively, CTkt = wktLkt + cItKkt +mItMkt represents the total cost of production of
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firm k at time t. Labor, capital and intermediate input cost shares are then respectively given

by

sLkt =
wktLkt
CTkt

; sKkt =
cItKkt

CTkt
; sMkt =

mItMkt

CTkt
(C.2)

To compute the labor cost share, we rely on the variable "labor compensation" in the EAE

survey. This value includes total wages paid as salaries plus income tax withholding and is

used to approximate the theoretical variable wktLkt. To compute the intermediate input cost

share, we use variables on intermediate goods consumption in the EAE survey and the price

index for intermediate inputs in industry I provided by INSEE.

We compute the user cost of capital by using the Hall (1988) methodology where the user

cost of capital (i.e., the rental price of capital) in the presence of a proportional tax on business

income and of a fiscal depreciation formula is given by18

cIt = (rt + δIt − πet )
(

1− τtzI
1− τt

)
pIKt (C.3)

where τt is the business income tax in period t and ZI denotes the present value of the de-

preciation deduction on one nominal unit investment in industry I . A complex depreciation

formula can be employed for tax purposes in France. To simplify, we choose to rely on the

usual following depreciation formula

zI =

n∑
t=1

(1− δ̄I)t−1δ

(1 + r̄)t−1

where δ̄I is a mean of the industrial deprecation rates for the period 1984-2002 and r̄ is the mean

nominal interest rate over the period 1990-2002.

We measure firm productive efficiency by means of two complementary indicators, namely

apparent labor productivity (ALP) and total factor productivity (TFP). Labor productivity is de-

fined as the log-ratio of real value added on labor (hours worked):

lnLPit = ln

(
Vit
Lit

)
(C.4)

where Vit denotes the value added of the firm deflated by sectoral price indexes published

18In this equation, we abstract from tax credit allowance.
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by INSEE (French System of National Accounts). Next, we compute total factor productivity

by using the so-called multilateral productivity index first introduced by Caves et al. (1982) and

extended by Good et al. (1997). This methodology consists of computing the TFP index for firm

i at time t as follows:

lnTFPit = ln Yit − ln Yt +
t∑

τ=2

(
ln Yτ − ln Yτ−1

)
−


N∑
n=1

1
2 (Snit + Snt) (ln Xnit − ln Xnt)

+
t∑

τ=2

N∑
n=1

1
2 (Snτ + Snτ−1) (ln Xnτ − ln Xnτ−1)

 (C.5)

where Yit denotes real gross output produced by firm i at time t using the set of n inputs

Xnit and input X is alternatively capital stocks (K), labor in terms of hours worked (L) and

intermediate inputs (M ). Snit is the cost share of input Xnit in the total cost. Subscripts τ and n

are indexes for time and inputs, respectively. Symbols with upper bar correspond to measures

for the reference point (the hypothetical firm), computed as the means of the corresponding

firm-level variables, over all firms in year t. Note that Eq.(C.5) implies that references points

lnY and lnX are the geometric means of the firm’s output quantities and input quantities,

respectively, whereas the cost share of inputs of the representative firms S is computed as the

arithmetic mean of the cost share of all firms in the dataset.

This methodology is particularly well suited for comparisons within firm-level panel data

sets across industries because it guarantees the transitivity of any comparison between two

firm-year observations by expressing each firm’s input and output as deviations from a single

reference point.
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Appendix D. Robustness checks: application to labor productivity

This appendix presents robustness checks for all results on participation, entry and remaining

threshold distributions using labor productivity as the θ-attribute. We stack all tables without

commenting further.

Table D.1: Participation rates and labor productivity premium, by industry

Industry Name ] Obs. PR ALPP

Market participation

All Manufacturing 337,275 .738 .171

Automobile 9,213 .797 .154
Chemicals 34,886 .836 .161
Clothing and Footwear 27,475 .668 .422
Electric and Electronic Components 14,413 .772 .252
Electric and Electronic Equipment 19,006 .753 .217
House Equipment and Furnishings 23,526 .822 .162
Machinery and Mechanical Equipment 61,870 .701 .131
Metallurgy, Iron and Steel 60,768 .727 .080
Pharmaceuticals 8,677 .915 .170
Printing and Publishing 29,001 .608 .145
Textile 21,418 .796 .256
Transportation Machinery 5,076 .794 .221
Wood and Paper 21,946 .691 .168

Market entry

All Manufacturing 74,832 .231 .017

Automobile 1,635 .252 .006
Chemicals 5,026 .266 .008
Clothing and Footwear 7,358 .197 .055
Electric and Electronic Components 2,858 .246 .035
Electric and Electronic Equipment 3,775 .218 .018
House Equipment and Furnishings 3,488 .280 .029
Machinery and Mechanical Equipment 15,612 .236 .014
Metallurgy, Iron and Steel 14,362 .231 .006
Pharmaceuticals 660 .312 -.039
Printing and Publishing 9,735 .218 .020
Textile 3,687 .234 .037
Transportation Machinery 886 .234 .003
Wood and Paper 5,750 .203 -.019

Market remaining

All Manufacturing 218,102 .929 .157

Automobile 6,517 .946 .122
Chemicals 25,926 .956 .193
Clothing and Footwear 15,708 .911 .373
Electric and Electronic Components 9,759 .943 .220
Electric and Electronic Equipment 12,286 .943 .220
House Equipment and Furnishings 16,890 .948 .143
Machinery and Mechanical Equipment 37,983 .912 .122
Metallurgy, Iron and Steel 38,870 .925 .070
Pharmaceuticals 7,015 .974 .241
Printing and Publishing 15,241 .869 .137
Textile 14,981 .946 .214
Transportation Machinery 3,535 .946 .256
Wood and Paper 13,391 .920 .161

PR: participation rate. ALPP: Labor Productivity Premium.
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Table D.2: Maximum likelihood scores and number of iterations, by industry

Industry Name lN (µ, σ) lΓ(α, β) lB(α, β) ]ite.N ]ite.Γ ]ite.B

Market participation

All Manufacturing -187,902.0 -188,348.8 -188,093 5 12 8

Automobile -4,523.7 -4,530.3 - 4 14 -
Chemicals -15,244.2 -15,248.2 - 4 6 -
Clothing and Footwear -15,086.9 -15,079.5 -15,186.7 6 12 4
Electric and Electronic Components -7,260.6 -7,291.9 -7,275 4 12 7
Electric and Electronic Equipment -10,073.6 -10,136.9 -10,102.6 4 9 7
House Equipment and Furnishings -10,704.3 -10,716.2 - 4 9 -
Machinery and Mechanical Equipment -36,738.3 -36,828.9 -36,765.6 5 8 7
Metallurgy, Iron and Steel -35,334.9 -35,345.3 - 4 10 -
Pharmaceuticals -2,493.6 -2,488.3 - 4 7 -
Printing and Publishing -19,030.4 -19,071.4 -19,037.7 6 10 6
Textile -10,271.1 -10,301.5 -10,287.1 3 9 6
Transportation Machinery -2,474 -2,483.6 -2,479.4 3 9 7
Wood and Paper -13,105.3 -13,157.5 -13,116.1 5 9 7

Market entry

All Manufacturing - -40,166.9 -40,162.0 - 13 7

Automobile -923.1 -923.8 -923.5 4 15 6
Chemicals - - - - - -
Clothing and Footwear - -3,541.8 -3,549.8 - 13 8
Electric and Electronic Components -1,569.1 -1,570.9 -1,570.4 8 6 5
Electric and Electronic Equipment - -2,010.8 -2,009.6 - 12 7
House Equipment and Furnishings -2,026.7 -2,027.7 -2,026.7 9 8 6
Machinery and Mechanical Equipment - -8,484.5 -8,483.7 - 12 7
Metallurgy, Iron and Steel -7,741.5 -7,740.4 -7,741.4 7 16 7
Pharmaceuticals - - - - - -
Printing and Publishing - -5,075.3 -5,073.9 - 19 6
Textile -1,985.3 -1,988.5 -1,987.3 27 7 8
Transportation Machinery -474.0 -473.8 -474 6 22 8
Wood and Paper - -2,872.4 -2,871.2 - 11 9

Market remaining

All Manufacturing -54,869.3 -54,950.6 - 4 7 -

Automobile -1,346.4 -1,346.6 -1,347.1 5 7 12
Chemicals -4,555.4 -4,560.4 - 4 8 -
Clothing and Footwear -4,367.9 -4,364.7 -4,381.7 4 13 7
Electric and Electronic Components -2,048.8 -2,055.4 - 4 5 -
Electric and Electronic Equipment -2,571.2 -2,581.8 - 4 6 -
House Equipment and Furnishings -3,410.4 -3,411.6 - 4 5 -
Machinery and Mechanical Equipment -11,092.9 -11,111.6 - 4 10 -
Metallurgy, Iron and Steel -10,301.8 -10,304.5 - 4 8 -
Pharmaceuticals -816.5 -815.3 - 4 6 -
Printing and Publishing -5,836.5 -5,846.5 -5,837.1 5 8 9
Textile -3,066.6 -3,071.1 -3,068.8 4 5 9
Transportation Machinery -709.6 -714.1 - 3 5 -
Wood and Paper -3,645.2 -3,653.6 - 3 9 -

θ-attribute: Apparent Labor Productivity. l: log likelihood value. ]ite: Number of iterations.
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Table D.3: Maximum likelihood estimation of participation threshold distributions.

Industry Name Nµ Nσ2 Γµ Γσ2 Γp50 Bµ Bσ2 Bp50

Market participation

All Manufacturing .255 .116 .350 .087 .271 .311 .062 .255

Automobile .192 .113 .301 .068 .229 - - -
Chemicals -.001 .232 .242 .099 .125 - - -
Clothing and Footwear .385 .031 .405 .025 .385 .391 .028 .381
Electric and Electronic Components .281 .062 .332 .047 .286 .311 .041 .279
Electric and Electronic Equipment .298 .063 .346 .053 .296 .323 .044 .292
House Equipment and Furnishings .148 .122 .274 .065 .200 - - -
Machinery and Mechanical Equipment .310 .097 .385 .085 .314 .347 .059 .308
Metallurgy, Iron and Steel .138 .316 .380 .240 .201 - - -
Pharmaceuticals -.654 .669 .130 .111 .006 - - -
Printing and Publishing .353 .203 .499 .242 .350 .400 .095 .349
Textile .230 .081 .306 .052 .252 .280 .046 .233
Transportation Machinery .214 .096 .301 .066 .232 .273 .052 .215
Wood and Paper .321 .094 .391 .085 .321 .354 .058 .318

Market entry

All Manufacturing - - 2.653 1.074 1.543 .732 .120 .939

Automobile 1.117 1.044 4.421 4.311 1.956 .719 .138 .960
Chemicals - - - - - - - -
Clothing and Footwear - - .843 .268 .740 .668 .070 .725
Electric and Electronic Components .784 .273 1.300 1.481 .946 .678 .101 .791
Electric and Electronic Equipment - - 2.599 9.076 1.568 .738 .112 .930
House Equipment and Furnishings .782 .343 1.344 1.836 .925 .661 .110 .779
Machinery and Mechanical Equipment - - 2.572 9.387 1.503 .728 .120 .932
Metallurgy, Iron and Steel 1.397 1.644 6.125 8.437 2.613 .750 .135 .990
Pharmaceuticals - - - - - - - -
Printing and Publishing - - 5.002 47.2 2.393 .757 .125 .983
Textile .805 .271 1.318 1.453 .974 .690 .098 .807
Transportation Machinery 1.804 3.528 21.6 1,522.1 5.438 .754 .150 .999
Wood and Paper - - 2.960 11.9 1.777 .759 .109 .956

Market remaining

All Manufacturing -.203 .215 .136 .047 .048 - - -

Automobile -.389 .289 .103 .041 .020 .080 .030 .002
Chemicals -.340 .225 .093 .030 .021 - - -
Clothing and Footwear .120 .071 .233 .027 .195 .196 .032 .144
Electric and Electronic Components -.080 .122 .139 .031 .075 - - -
Electric and Electronic Equipment -.025 .099 .151 .029 .094 - - -
House Equipment and Furnishings -.312 .235 .108 .036 .030 - - -
Machinery and Mechanical Equipment -.094 .179 .165 .052 .078 - - -
Metallurgy, Iron and Steel -.636 .600 .120 .096 .005 - - -
Pharmaceuticals -.806 .424 .047 .022 .000 - - -
Printing and Publishing -.158 .326 .202 .115 .064 .163 .061 .029
Textile -.222 .186 .118 .034 .044 .095 .028 .012
Transportation Machinery -.043 .101 .138 .028 .079 - - -
Wood and Paper -.114 .177 .155 .047 .072 - - -

Nµ: Estimated mean of the normal distribution; Nσ2 : estimated variance of the normal distribution; Γµ:
estimated mean of the gamma distribution; Γσ2 estimated variance of the gamma distribution; Γp50 : es-
timated median of the gamma distribution; Bµ: estimate mean of the beta distribution; Bσ2 : estimated
variance of the beta distribution; Bp50 : estimated median of the beta distribution.
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Table D.4: Vuong’s z test for model selection using Labor Productivity as the θ-attribute

Industry Name zN ,Γ zN ,B zΓ,B Ranking Conclusion

Market participation

All Manufacturing 712.4 1,294.7 -523.3 N � B � Γ C ∼ N (.3, .3)a

Automobile 115 - - N � Γ C ∼ N (.2, .3)
Chemicals 51.2 - - N � Γ C ∼ N (−.0, .5)
Clothing and Footwear -1.4 113.6 44.3 Γ � N � B C ∼ Γ(6.6, .1)
Electric and Electronic Components 13.8 227.2 -82.3 N � B � Γ C ∼ N (.3, .2)a

Electric and Electronic Equipment 42.7 67.8 -78.9 N � B � Γ C ∼ N (.3, .3)a

House Equipment and Furnishings 252.2 - - N � Γ C ∼ N (.1, .3)
Machinery and Mechanical Equipment 591.6 1,39.1 -643.8 N � B � Γ C ∼ N (.3, .3)a

Metallurgy, Iron and Steel 275.8 - - N � Γ C ∼ N (.1, .6)
Pharmaceuticals -196.4 - - Γ � N C ∼ Γ(.2, .9)
Printing and Publishing 37.8 51.6 -432.9 N � B � Γ C ∼ N (.4, .5)a

Textile 219.9 506.6 -76.9 N � B � Γ C ∼ N (.2, .3)a

Transportation Machinery 91.6 428.3 -49.2 N � B � Γ C ∼ N (.2, .3)a

Wood and Paper 409.6 64.8 -586.1 N � B � Γ C ∼ N (.3, .3)a

Market entry

All Manufacturing - - -197.1 B � Γ C ∼ B(.5, .2)

Automobile 14.9 366.5 -179.4 N � B � Γ C ∼ N (1.1, 1.0)a

Chemicals - - - ∅ ∅
Clothing and Footwear - - 72.6 Γ � B C ∼ Γ(2.7, .3)
Electric and Electronic Components 76.6 198.3 -41 N � B � Γ C ∼ N (.8, .5)a

Electric and Electronic Equipment - - -28.8 B � Γ C ∼ B(.5, .2)
House Equipment and Furnishings 81.5 29.3 -176.6 N � B � Γ C ∼ N (.8, .6)a

Machinery and Mechanical Equipment - - -176 B � Γ C ∼ B(.5, .2)
Metallurgy, Iron and Steel -154.4 -93.2 315.3 Γ � B � N C ∼ Γ(.5, 13.1)
Pharmaceuticals - - - ∅ ∅
Printing and Publishing - - -165.4 B � Γ C ∼ B(.4, .1)
Textile 10.8 297.6 -78.2 N � B � Γ C ∼ N (.8, .5)a

Transportation Machinery -67 92.8 121.1 Γ � N � B C ∼ Γ(.3, 7.5)
Wood and Paper - - -303.9 B � Γ C ∼ B(.5, .2)

Market remaining

All Manufacturing 1,036.7 - - N � Γ C ∼ N (−.2, .5)

Automobile 29.9 525.6 52.8 N � Γ � B C ∼ N (−.4, .5)
Chemicals 214.4 - - N � Γ C ∼ N (−.3, .5)
Clothing and Footwear -4.3 352.2 89.9 Γ � N � B C ∼ Γ(2.0, .1)
Electric and Electronic Components 245.2 - - N � Γ C ∼ N (−.1, .3)
Electric and Electronic Equipment 179 - - N � Γ C ∼ N (−.0, .3)
House Equipment and Furnishings 118.1 - - N � Γ C ∼ N (−.3, .5)
Machinery and Mechanical Equipment 636.9 - - N � Γ C ∼ N (−.1, .4)
Metallurgy, Iron and Steel 376.4 - - N � Γ C ∼ N (−.6, .8)
Pharmaceuticals -10.7 - - Γ � N C ∼ Γ(.1, .5)
Printing and Publishing 443.2 224.6 -42.2 N � B � Γ C ∼ N (−.2, .6)a

Textile 244.9 191.4 -54.8 N � B � Γ C ∼ N (−.2, .4)a

Transportation Machinery 23.1 - - N � Γ C ∼ N (−.0, .3)
Wood and Paper 44.4 - - N � Γ C ∼ N (−.1, .4)

zN ,Γ: HN∼Γ : |z| < +1.96 HN�Γ : z ≥ +1.96 HΓ�N : z ≤ −1.96.
zN ,B : HN∼B : |z| < +1.96 HN�B : z ≥ +1.96 HB�N : z ≤ −1.96.
zΓ,B : HΓ∼B : |z| < +1.96 HΓ�B : z ≥ +1.96 HB�Γ : z ≤ −1.96.
The [a] symbol indicates that caution is needed in the dominance ofN over B, as revealed by Monte Carlo
results presented in Section 3.3.3.
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Table D.5: Occurrence of diagnosis, according to the type of market participation

Ranking Participation Entry Remaining

No density fit

∅ 1 38 4

Unique density fit

B 0 9 0
N 0 4 1

Two density fits

N � Γ 49 0 83
N � Ba 0 9 0
N ∼ Γ 1 0 3
Γ � N 22 0 25
Γ � B 0 45 0
Γ ∼ B 0 3 0
B � N 0 6 0
B � Γ 0 21 0

Tree density fits

N � Γ � B 13 4 15
N � B � Γa 101 38 45
N ∼ Γ ∼ B 7 0 0
N ∼ Γ � B 4 0 0
Γ � N � B 28 11 28
Γ � B � N 1 24 6
B � Γ � N 1 2 0
B � N � Γ 6 6 11
B � N ∼ Γ 0 1 0

Overall dominance

N 174 55 147
Γ 52 83 59
B 7 45 11

Total

234 221 221

Figures represent counts of estimated densities for
market participation, market entry or market remain-
ing. The overall number of estimated densities for
market participation is 13 industries observed for 18
years, yielding 234 trials of density estimation. Ac-
counting for entry or remaining imply the loss of the
first year of observation due to the use of a lagged
year in identifying firm market entry and/or remain-
ing.
The [a] symbol indicates that caution is needed in the
dominance of N over B, as revealed by Monte Carlo
results presented in Section 3.3.3.
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