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Supplementary Table 1. Logistic regression model for the probability that a user’s answer
gets accepted. We calibrate the model log(m4/(1 — 74)) = B3 + B2 1og(n?) + B log(t) +
BaHA + BAD, where 4 denotes the probability that a user has at least one accepted answer in a

given year, n“ indicates the number of answers posted by a user, ¢t the number of tags featured in

the corresponding questions, H* the user’s Herfindahl index (Eq. (2) in the main paper), and D the

user’s activity score (Eq. (1) in the main paper). The three bottom rows report — respectively — the

number N of users included in the model (i.e., users with at least 10 posts in the year of interest,

of which at least one is an answer), the resulting regression model’s area under the curve (AUC)

and the model’s ? statistic. The corresponding ROC curves are shown in Supplementary Figure

3. Numbers in brackets indicate the standard errors of the estimated coefficients

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
B S420%HE 4 BOFFF 4 TOREE 4 66FFF 4. 30%HE 4 JORFE 4 ]5%FF 4 J0FRF 3 9Fwxx - F QPR F TR
(0.11) (0.09) (0.07) (0.06) (0.05) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
B4 1.95*#%  1.92%F% 2 Q0***  1.95%Fk [ QQ¥Fx  2,02%Hk 2 2%kx 2 03%AE D Q7KK D QGHAR D 44k
(0.09) (0.06) (0.05) (0.04) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
B 0.00 0.34%%%  .25%*F*%  (.22%** 0.07*  -0.18%#% -0.20%** -025%**% 0.38*** -0.64%** -0.9]***
(0.11) (0.08) (0.07) (0.05) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
Bi 2.98¥¥%  F 7KK B ASEEER F B AR F 4k QT3HEER D eREE D QIHAER D 5QRKK D ARHER D DAk
(0.19) (0.14) (0.11) (0.09) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
B -0.75%%%  -0.94% %% .0.96%** -0.96%F* -0.89%** -Q.81FFF 0.78*** -0.74%FF 0. T7FF* 0.80%FF  -0.77FF*
(0.03) (0.03) 0.02 (0.02) (0.01) (0.12) (0.02) (0.01) (0.02) (0.01) (0.01)
N 33,669 60,035 100,568 151,132 198,553 221,941 237,108 241,120 232,722 207,945 199,795
AUC 0.84 0.83 0.83 0.82 0.80 0.79 0.78 0.78 0.77 0.76 0.76
A2 statistics (x10%)  1.O1#*% [ 85%k 3 (7#%k 4 3GkHx  550%k  §QTwkx G wkE 23wk 5 EQFkEk 5[k 4 96%Ek

“p <001, 7p<0.05p<0.1



Supplementary Table 2. Multinomial logistic regression model for the probability that a user’s
answers attract votes. We calibrate the model log(r(®4 /r(=4)) = gl=A) 4 gleA) 66(nA) +
B log(t4) + By HA+ B Ds log (w4 /m=:4)) = g™ 4 8" log(n) + B log (t4) +

A A L gD where (=), 74 and 7(*4) indicate — respectively — the probability that
a user’s posted answers receive zero votes, only up-votes, and both up- and down-votes in a given
year. n“ indicates the number of answers posted by a user, ¢4 the number of tags featured in the
corresponding questions, H* the user’s Herfindahl index (Eq. (2) in the main paper), and D the
user’s activity score (Eq. (1) in the main paper). The four bottom rows report the total number of
users (/V), and the fractions of users whose posted answers received only up-votes (/V,,), both up-
and down-votes (/V,) and zero votes (/V,). Numbers in brackets indicate the standard errors of the

estimated coefficients.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
BIE 243w D S4RER D e4wEE D QREE D RANKE D QQRE 3|k 335k 3 SREE 3 7QkEE 3 TRkEk
(0.09) (0.07) (0.06)  (0.06) (005  (0.06)  (0.06)  (0.06)  (0.07)  (0.08)  (0.10)
gl 0,05 0.11 0.12%%  -0.03 -0.03 0.00 0.02  -0.16%%*  -0.04 -0.06 0.00
(0.10) (0.07) 0.06)  (0.05) (004  (0.04  (0.04) (005  (0.05  (0.06)  (0.07)
g 0.04% 0.26%%%  027F%  0.]2%  0.]2%% 0.08 0.05  0.26%*  0.12%  (.18%* 0.02
(0.12) (0.09) 0.08)  (0.06) (0.06)  (0.06) (0.06)  (0.07)  (0.07)  (0.08)  (0.09)
B 0.40% 0,443 0.09 0.19% 0.10 0.08 0.04 0.24% 0.15  045%%% (.13
0.22) (0.16) (0.14)  (0.12) (0.1  (0.12)  (0.12)  (0.13)  (0.15)  (0.16)  (0.18)
A0 10%* 0.06* 0.03 0.03 20.01 0.00 0.00  0.06%*  0.00 0.02 0.06*
(0.04) (0.03) 0.02)  (0.02)  (0.02)  (0.02)  (0.02)  (0.02)  (0.03)  (0.03)  (0.03)
B q5weE L 7REE 30k 3ASEEE 3 AQEEE 4 (]FEE 3 QR A ATHEE 4 3EEE 5 |QREE 5 6]
(0.09) (0.08) (0.07)  (0.08)  (0.08)  (0.09)  (0.10)  (0.08)  (0.13)  (0.16)  (0.20)
(04) 0.07 -0.09 -0.14% 0.00 0.05 -0.04 0.14* -0.01 0.09  036% 007
(0.09) (0.08) 0.07) (007  (0.06)  (0.07)  (0.07)  (0.08)  (0.09  (0.11)  (0.14)
B 0.10 0.31%%%  0.34%%% (.13 -0.04 0.16* -0.14 0.08 0.16  029%  0.18
(0.10) (0.10) 0.09)  (0.09)  (0.09)  (0.09)  (0.10)  (0.11)  (0.13)  (0.15)  (0.20)
B 020 0.55%%  0.51%%% .19 0.02 0.08 033 0.27 0.40 0.20 0.68*
0.22) (0.18) 0.16)  (0.16)  (0.16)  (0.19)  (0.21)  (0.22)  (025)  (0.31)  (0.36)
B g 1 e 0.00 0.03 0.03 0.04 003 -007%  0.03 0.03 0.15% 0.06
(0.04) (0.03) 0.03)  (0.03)  (0.03)  (0.03)  (0.03)  (0.04)  (0.05  (0.06)  (0.07)
N 33,669 60,035 100,573 151,132 198,553 221,941 237,108 241,120 232,722 207,950 199,795
N, (%) 113 % 10.1% 8.69%  748%  648%  557%  4.89%  421%  351%  297%  2.41%
N, (%)  13.7% 7.90% 559%  3.94%  291%  2.15% 172%  132%  1.05%  0.76%  051%
NA%)  74.9% 81.9% 85.6%  88.5%  90.5%  922%  933%  943%  954% = 962% = 97.0%

p < 0.01, "p < 0.05,"p < 0.1



Supplementary Table 3. Multinomial logistic regression model for the probability that a user’s
questions attract votes. We calibrate the model log(r(*Q/n(=@)) = g{=9 4 5@ 16g(n@) +
B log (1) + By H+ B Y D; log(w4Q /r @) = (P 4+ 8" og(n?) + 8"V log(t?) +
BYDHQ 4 9D where 7=, 7@ and 7(*Q) indicate — respectively — the probability that a
user’s posted questions receive zero votes, only up-votes, and both up- and down-votes in a given
year. n? indicates the number of questions posted by a user, t¢ the number of tags featured in
the such questions, H? the user’s Herfindahl index (Eq. (2) in the main paper), and D the user’s
activity score (Eq. (1) in the main paper). The four bottom rows report the total number of users
(N), and the fractions of users whose posted quesions received only up-votes (/N,,), both up- and
down-votes (/V,) and zero votes (/NV,). Numbers in brackets indicate the standard errors of the

estimated coefficients.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
BIE@ @R ] RSkEE D3RR 53Rk D[Rk 3 (QkEE 3 (QEEE 3 3THEE 3 S5QEEE 370k 3 RQkEE
(0.11) (0.08) 0.07)  (0.06)  (0.06)  (0.12)  (0.08)  (0.08)  (0.10)  (0O.11)  (0.13)
Jeaad 0.00 0.11%x 0.01 004  -0.08*  -0.05 0.01 -0.05 0.02 0.07 -0.06
(0.07) (0.05) 0.04)  (0.03)  (0.03)  (0.04  (0.04)  (0.04)  (0.05  (0.05  (0.06)
Bl 0.15 -0.08 0.05 000  0.12%%  0.09% -0.03 0.10% 0.06 0.10 0.00
(0.10) (0.07) 0.06)  (0.05) (005  (0.05)  (0.05)  (0.06)  (0.07)  (0.08)  (0.09)
B 020 0.20 0.00 0.09 0.01 0.29%%  0.00 0.19 0.02 0.08 0.09
(0.22) (0.16) 0.14)  (0.13)  (0.13)  (0.13)  (0.14)  (0.15  (0.18)  (021)  (0.23)
BUQ 0 09FkE 008 0.04%F 003 0.07Fx 001 0.03 0.03 0.03 0.05% 0.03
(0.03) (0.02) 0.02) (002  (0.02)  (0.02)  (0.02)  (0.02)  (0.02)  (0.03)  (0.03)
BUQ Q0 3. 07REE L30Q%RE 337w 3 60kEE 3 60RFE 382k 4 QFEE 4 D0kEE 4 JTREE 4 g5
(0.15) (0.14) 0.13)  (O.11)  (0.10) (0.12)  (0.12)  (0.14)  (0.16)  (0.18)  (0.21)
@ 0,07 0.02 0.14%%  0.00 0.00 0.01 0.03 0.02 0.03 0.06 0.00
(0.11) (0.09) 0.07)  (0.06) (005  (0.06)  (0.06)  (0.07)  (0.07)  (0.09)  (0.10)
B 0o7x -0.03 0.26%%% 007 009  -0.17¢  -0.15%*  -0.08 0.13 -0.04 0.00
(0.14) (0.12) (0.10)  (0.08)  (0.08)  (0.09  (0.09)  (0.10)  (0.11)  (0.13)  (0.14)
B 0.29 0.38 -0.36 0.07 0.22 -0.30 0.12 0.02 0.16 0.08 031
(0.30) 0.27) 025  (021) (0190  (023)  (023) (025 (0290  (0.34)  (0.40)
B 0.07% 0.01 0.02 20.02 20.02 20.03 0.02 20.01 0.00 0.06 0.09
(0.04) (0.04) 0.03)  (0.03)  (0.03)  (0.03)  (0.03)  (0.04)  (0.04)  (0.05  (0.05
N 30,421 59,241 104,794 158,229 209,674 234,670 246,786 246,786 240,697 213,597 214,424
N, (%) 163 % 14.5% 10.6%  801%  641%  511%  441%  3.62%  292%  243%  1.82%
N,(%)  7.03% 3.96% 292%  2.64%  2.19%  1.72%  157%  128%  1.05%  0.87%  0.69%
NA%)  76.7% 81.5% 86.5%  893%  91.3%  93.0%  93.9%  95.0%  959%  96.6%  97.4%

%
*

“p < 0.01, "p < 0.05, p < 0.1



Supplementary Table 4. Stepwise linear regression model for the number of up-votes received
by a user’s answers. We calibrate the model log(v™) = 814 + 14 1og(n?) + 51 log(t?) +

EAH A4 5TDAD, where v™4 denotes the number of up-votes received by a user’s posted answers,
n* indicates the number of answers posted by a user, ¢ the number of tags featured in the corre-
sponding questions, H* the user’s Herfindahl index (Eq. (2) in the main paper), and D the user’s
activity score (Eq. (1) in the main paper). The three bottom rows report — respectively — the number
N of users included in the model (i.e., users with at least 10 posts in the year of interest and with at
least one up-vote to their posted answers), the resulting regression model’s 12? coefficient and the
model’s [’ statistic. Numbers in brackets indicate the standard errors of the estimated coefficients.

Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
‘BSA 2.96%#%  2.61%HFF  [.90FHEF D 35wwE D ITwEE D (FHEE ] 9eFEE ] GYHHE ] eQFFE ] J5kEE ] 2Tk
(0.06) (0.04) (0.20) (0.04) (0.04) (0.03) (0.03) (0.03) (0.03) (0.07) (0.04)
B4 -0.91FF% Q. 91FFx ] Q7FFF -] 08%FFF ] Q1FFF -0.96%FF 0. 98%FF 0. 98%HkF (0. 98FHF  (0.93FHEk () 98HH*
(0.02) (0.01) (0.08) (0.06) (0.01) (0.01) (0.01) (0.01) (0.01) (0.07) (0.02)
B,TA - - 0.44%%% (.]7** - - - - - -0.20%* -
(0.13) (0.08) (0.08)
g - - 1.2k - - - - - - - -
(0.01) -
5LA _ _ _ _ 0.08%% _ - - - - -
(0.03)
N 8,423 10,787 14,364 17,257 18,643 17,134 15,683 13,318 10,610 7,775 5,842
R? 0.28 0.31 0.33 0.33 0.35 0.34 0.35 0.36 0.38 0.41 0.42

Fstatistic (x10%)  335%%% 490005 |78k 422%F  406F6E  88FFEE  SEEEE  T49HE 636FFr  [79wr 418w

P

p < 0.01, "p < 0.05,"p < 0.1



Supplementary Table 5. Stepwise linear regression model for the number of down-votes re-
ceived by a user’s answers. We calibrate the model log(v*4) = B+ 844 log(n?) 437 log (1) +
ﬁ}IAH 44 BiDAD, where v*4 denotes the number of down-votes received by a user’s posted answers,
n* indicates the number of answers posted by a user, ¢4 the number of tags featured in the corre-
sponding questions, H* the user’s Herfindahl index (Eq. (2) in the main paper), and D the user’s
activity score (Eq. (1) in the main paper). The three bottom rows report — respectively — the number
N of users included in the model (i.e., users with at least 10 posts in the year of interest and with at
least one down-vote to their posted answers), the resulting regression model’s R? coefficient and
the model’s F' statistic. Numbers in brackets indicate the standard errors of the estimated coeffi-
cients.

Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
1A 12758 Q3% Q0 (93kkE (725 (61FKE (5% (508 (498 () 45HE () 36wk
(0.05) (0.0  (0.06)  (0.05)  (0.03)  (0.03)  (0.03)  (0.03)  (0.04)  (0.04)  (0.07)
BLA C0.97HE  0.97RkE 0.9k ] (2 ] QR 0. QQ%E ] QR o] Q]HRE L098%HE  _098%Hk (93
(0.01)  (0.01)  (0.01)  (0.01)  (001)  (001)  (0.01)  (0.01)  (0.01)  (0.01)  (0.03)

B - - 0.27%%  -0.27%* - - - - - -

(0.13)  (0.12)

i - - - - - - - - - -0.07%+
(0.03)

N 4659 4816 5721 6,080 5937 4973 4302 3379 2,606 1,755 1,131
R? 0.55 0.62 0.64 0.67 0.67 0.68 0.69 0.69 0.69 0.71 0.71

Fstatistisc (x10%)  5.58%#  778%kx  5(03%kx  25%wk  |,60F%  ]0.6%FE QIR T AFwek 5 R0k D JwAk () gk
"p < 0.01, "p < 0.05, "p < 0.1




Supplementary Table 6. Stepwise linear regression model for the number of up-votes received
by a user’s questions. We calibrate the model log(v1?) = 59 + 81Q1log(n?) + 5]9 log(t?) +
BLQH Q4 ﬁ%QD, where v'@ denotes the number of up-votes received by a user’s posted answers,
n® indicates the number of answers posted by a user, t© the number of tags featured in the corre-
sponding questions, H? the user’s Herfindahl index (Eq. (2) in the main paper), and D the user’s
activity score (Eq. (1) in the main paper). The three bottom rows report — respectively — the number
N of users included in the model (i.e., users with at least 10 posts in the year of interest and with at
least one up-vote to their posted questions), the resulting regression model’s R? coefficient and the

model’s F’ statistic. Numbers in brackets indicate the standard errors of the estimated coefficients.

Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

19 D72 QORuE  QogEwk D]k QOEE | ATREE | 4QEEE ] 3QwEn ] D@k ] Q[EEE (86%EE
(0.06)  (0.05)  (0.04)  (0.06)  (0.03)  (0.03)  (0.03)  (0.03)  (0.04)  (0.04)  (0.04)

gle 0,89k L] [Tk (] ORFEE ] 3uEx Q. OREFRE ] QIFEE QQTREE 0.96%EE .98 0,95%E  L0,96%
(0.02)  (0.07)  (0.04)  (0.04)  (0O0I)  (0.03)  (0.01) (001) (0.01)  (0.01)  (0.02)

B - 0.28%%% (. 11%* - - 0.08%* - - - -

0.07)  (0.05) (0.04)

g2 : : : : : : : : : : :

B2 0.12 - - - - 0.05%* - - - -
(0.04) 0.02)

N 7,080 10,923 14,129 16,850 18,033 16,041 14763 12,175 9,564 7,049 5377

R? 0.23 0.26 0.29 0.30 0.31 0.30 0.32 0.33 0.35 0.37 0.41

Fstatistisc (x103)  1.05%%%  1.00%#%  2.090%%% D ADkwx G OTkkx  JAGkkx 3 5kkk 5 O5kkk 50wk JJ[wEkEk 3]k
**p < 0.01, *p < 0.05, "p < 0.1




Supplementary Table 7. Stepwise linear regression model for the number of down-votes
received by a user’s questions. We calibrate the model log(v'?) = B9 + B!Q1log(n?) +
B9 1og(19) + B H? + 19D, where v*? denotes the number of down-votes received by a user’s
posted answers, n% indicates the number of answers posted by a user, t© the number of tags fea-
tured in the corresponding questions, H< the user’s Herfindahl index (Eq. (2) in the main paper),
and D the user’s activity score (Eq. (1) in the main paper). The three bottom rows report — respec-
tively — the number NV of users included in the model (i.e., users with at least 10 posts in the year of
interest and with at least one down-vote to their posted questions), the resulting regression model’s
R? coefficient and the model’s F statistic. Numbers in brackets indicate the standard errors of the

estimated coefficients.

Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ 0.68%*% 0.61%** (0.62%*%%  0.66%**  0.66%**  (.59%F*  0.66%** (0.54%kF  (.54%%k  (.54%kE (4488
(0.05) (0.04) (0.04) (0.03) (0.03) (0.03) (0.04) (0.04) (0.04) (0.05) (0.05)
Bie -0.98##%  1,02%%% Q3% _1,03%F* [ 02%FF  _1.01FFF -] .03%kE 0,99%FF ] Q0FFE -1, 01FEE -0.9THH*
(0.02) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.02)
5 S
{'3#2 - - - - - - - - - -
1Q
D
N 2,144 2.387 3,130 4,300 4,831 4,358 4,179 3,485 2,830 2,079 1,718
R? 0.62 0.65 0.66 0.63 0.62 0.61 0.59 0.58 0.58 0.61 0.58

Fstatistisc (x10%)  3.50%%% 451586 6085 78450k 784%%  683RE 611k 380wk 380wk 3wk D 34wk

"< 0.01, "p < 0.05,p < 0.1



Supplementary Figures
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Supplementary Figure 1. Evidence of nestedness in Stack Overflow’s user-tag bipartite net-
works. a z-scores of the spectral radius p calculated in the monthly user-tag networks of A-users
(i.e., users with activity score D = 1, see Eq. (1) in the main paper). b Same quantity calculated

in the monthly user networks of )-users (D = —1). In both panels, z-scores are calculated with

the procedure put forward in Staniczenko et al., Nature Communications 4, 1-6 (2013).
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Supplementary Figure 2. Empirical density of the Herfindahl index. a Annual distribution
of user specialisation with respect to tags in the case of answers. b Annual distribution of user
specialisation with respect to tags in the case of questions.
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Supplementary Figure 3. Model performance of the logistic regressions for accepted answers.
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ROC curves for the models in Supplementary Table 1.
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Supplementary Figure 4. Characterisation of Stack Overflow’s user base with a threshold on
the minimum number of posts by a user in a year set to 5. The panels in the figure are the
equivalent to those in Fig. 2 of the main paper (where we use a threshold of 10). Top left: Annual
percentage of A- and (Q-users. Top right: Annual survival probabilities for A- (blue) and Q-users
(magenta), defined as the empirically estimated probabilities for users belonging to either group to
belong to the same group in the following year. Bottom left: Annual dropout rates for A- (blue)
and ()-users (magenta), defined as the empirically estimated probabilities for users belonging to
either group to either leave the platform or fall below the minimum threshold of 10 posts per year

to be considered in our analysis. Bottom right: Annual transition rates from A- to (Q-users (blue)

and vice versa (magenta), defined as the empirically estimated probabilities for users belonging to

one group to transition to the other one the following year.
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Supplementary Figure 5. Logistic regression results for the probability that a user has at least
one accepted answer in a given year (with threshold on the minimum number of posts by a
user in a year set to 5). Dots represent the values of the regression coefficients estimated for the
four covariates included in the model, shown in the legend. Error bars show the standard errors on
the coefficients times three



