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Abstract

The objective of this research was to study the effect of link function misspecification on the
adjusted coefficients of determination, Razdj for binary logistic regression. We focused on several Razdj types
which were based on ordinary least square (Ré, adj, MS > Ré, “ df’LM) and maximum likelihood estimators
(Rlz,ad/,MS, Rlz’adf’LM, Rlz,ad/,SASDEV 5 Rlz,ad/‘,SASA,(;)' We studied two types of misspecified link function,
probit link and complementary log-log link, when we assumed that the logit link was the true link function. We
investigated the effect of incorrect link function though a simulation study under different number of predictors
(1, 5, and 10) and different number of observations (50, 100, 1000, and 2000). The effect of link function was
determined by the relative bias and the percentage that the Razdj estimated lies outside [0, 1] calculated from
1,000 runs.

The results revealed that the effect of probit link on the studied Razdj measures was similar to the
logit link. On the other hand, the complementary log-log link function induced bias in all Razdj measures,
except for the Rlz, adj,SASpgy * The bias varied across the number of predictors, number of observations, and type
of Razdj . The Razdj measures based on ordinary least square was affected by the complementary log-log link

less than the Razdj measures based on maximum likelihood.

Keywords: Generalized linear models, logit, probit, complementary log-log, ordinary least square, maximum

likelihood
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logit (7,)=0.5-0.45x, meldvuiadiedia 50,100, 1000 1Az 2000

n R? Rtiu o logit link probit link complementary link
]§2 RB. %¢[0,1] ]§2 RB. %¢][0,1] ]§2 RB. %¢[0,1]
50 Ré 0.1431| 0.1508 5.38 0 0.1507  5.31 0 0.0837 -41.51 20.7
Ré,ad/‘,MS 0.1331  -6.99 2.9 0.1330  -7.06 2.9 0.0646 -54.86 26.7
Ré,ad/‘,LM 0.1238 -13.49 11.3 0.1315  -8.11 12.2 0.0695 -51.43 33.1
R12 0.1115| 0.1202  7.80 0 0.1197  7.35 0 0.0550 -50.67 27.5
Rlz,ad/‘,MS 0.1037 -7.00 2.4 0.1031  -7.53 2.4 0.0393  -64.75 33.0
Rlz,ad/‘,LM 0.0980 -12.11 12.3 0.1023  -8.25 14.3 0.0397 -64.39 39.5
Rlz,aa{/‘,SASDEV 0.1997 79.10 0 0.2001  79.46 0 0.0957 -14.17 275
Rlz,ad/‘,SASA,C 0.0859 -22.96 6.8 0.0855 -23.32 6.9 0.0227 -79.64 39.1
100 Ré 0.1447( 0.1456  0.62 0 0.1450  0.21 0 0.0855 -40.91 14.0
Ré,ad/‘,MS 0.1369 -5.39 0.2 0.1363  -5.81 0.2 0.0762 -47.34 18.0
Ré,ad/‘,LM 0.1368 -5.46 5.2 0.1316  -9.05 3.9 0.0657 -54.60 29.6
R12 0.1130( 0.1140 0.88 0 0.1145 1.33 0 0.0537 -52.48 21.1
Rlz,ad/‘,MS 0.1057 -6.46 0.2 0.1062  -6.02 0.2 0.0458 -59.47 247
Rlz,ad/‘,LM 0.1059 -6.28 6.4 0.1034  -8.50 4.9 0.0375 -66.81 35.7
Rlz,aa{/‘,SASDEV 0.1918 69.73 0 0.1927  70.53 0 0.0937 -17.08 21.1
Rlz,ad/‘,SASA,C 0.0973 -13.89 0.3 0.0979 -13.36 0.3 0.0377 -66.64 28.6




a < N o A a
TJ1‘iﬁ1‘Z'J‘Vlﬂ1ﬂ1ﬁﬂ‘§!lazmﬂiujaﬂ 1 17 21Tuh 1 1.0, - 3.9, 52

n R? Rtiu o logit link probit link complementary link
]§2 RB. %¢[0,1] ]§2 RB. %¢][0,1] ]§2 RB. %¢[0,1]
1,000 Ré 0.1462 | 0.1465 0.21 0 0.1462  0.00 0 0.0900 -38.44 0
2
RO,ad/ MS 0.1456 -0.41 0 0.1454  -0.55 0 0.0891 -39.06 0
2
RO,ad/ 1 0.1458 -0.27 0 0.1446  -1.09 0 0.0835 -42.89 3.0
R12 0.1144| 0.1143 -0.09 0 0.1141  -0.26 0 0.0610 -46.68 0.4
2
Rl,ad/‘,MS 0.1135 -0.79 0 0.1133  -0.96 0 0.0603 -47.29 04
2
Rl_adi.LM 0.1143  -0.09 0 0.1128  -1.40 0 0.0546 -52.27 5.6
2
Rl,adj,SASDEV 0.1937  69.32 0 0.1933  68.97 0 0.1071  -6.38 0.4
2
Rl,adi,SASA,C 0.1126 -1.57 0 0.1125  -1.66 0 0.0595 -47.99 04
2,000 Ré 0.1458 | 0.1453 -0.34 0 0.1452  -0.41 0 0.0876  -39.92 0
2
RO,ad/ MS 0.1449 -0.62 0 0.1448  -0.69 0 0.0872  -40.19 0
2
RO,ad/‘,LM 0.1448 -0.69 0 0.1437 -1.44 0 0.0794 -4554 0.1
R12 0.1140| 0.1138 -0.18 0 0.1139  -0.09 0 0.0590 -48.25 0
2
Rl,ad/‘,MS 0.1134 -0.53 0 0.1134  -0.53 0 0.0587 -48.51 0
2
Rl,adi’LM 0.1135 -0.44 0 0.1125  -1.32 0 0.0526 -53.86 0.8
2
Rl,adj,SASDEV 0.1926  68.95 0 0.1925  68.86 0 0.1036  -9.12 0
2
Rl,adi,SASA,C 0.1130 -0.88 0 0.1130  -0.88 0 0.0583 -48.86 0.1

4 52 A 1w
Wwe R ADMNTYTIU (LA RB

= [(1%2 ~R> )/Rfme]xloo%
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v & ' v v '
131399 2 Madavesdudszansmsdaaulanuuaieg 11da1nn13n19 1,000 ase e l¥duuy

logit(m,) =0.5-0.45x, +3.525x,, —0.1x,, —0.5x,, + 0.2x,; meldvuiadiedi 50, 100, 1000 uag

2000
n R? Rtiu o logit link probit link complementary link
RZ RB. %¢[0,1] RZ RB. %¢][0,1] RZ RB. %¢[0,1]
50 Ré 0.3429 | 0.4303 25.49 0 0.4239  23.62 0 0.3416  -0.38 1.5
2
RO,adj,MS 0.3656  6.62 0.1 0.3584 4.52 0.1 0.2667 -22.22 5.7
2
RO,ad/‘,LM 0.3535  3.09 2.8 0.3444 0.44 1.6 03040 -11.34 4.1
R12 0.2802 | 0.3641 29.94 0 0.3667 30.87 0 0.1355 -51.64  30.6
2
Rl,ad/‘,MS 0.2870 2.43 0.1 0.2892 3.21 0.1 0.0607 -78.34  40.2
2
Rl,adi’LM 0.2841 1.39 53 0.2824  0.79 4.1 0.0690 -75.37  39.8
2
Rl,ad/‘,SASDEV 0.5261 87.76 0 0.5281 88.47 0 0.2258 -19.41 30.6
2
Rl,ad./‘,SASA,c 0.1923 -31.37 2.1 0.1939 -30.80 2.3 -0.0304 -110.85 553
100 Ré 0.3451| 0.3838 11.21 0 0.3812 10.46 0 0.3058 -11.39 0.2
2
RO,adj,MS 03511 1.74 0 0.3483  0.93 0 0.2689  -22.08 0.8
2
Ro,adj’LM 0.3463  0.35 0.1 0.3432  -0.55 0.2 03325  -3.65 0.5
R12 0.2824 | 0.3205 13.49 0 0.3209 13.63 0 0.1726  -38.88 14.2
2
Rl,ad/‘,MS 0.2821 -0.11 0 0.2825 0.04 0 0.1346 -52.34 194
2
Rl,adi’LM 0.2790 -1.20 0.4 0.2767 -2.02 0.5 0.1753  -37.92 14.3
2
Rl,ad/‘,SASDEV 0.4766 68.77 0 0.4768 68.84 0 0.2820 -0.14 14.2
2
Rl,ad./‘,SASA,c 0.2395 -15.19 0 0.2396 -15.16 0 0.0934 -66.93  28.0
1,000 Ré 0.3476 | 0.3527 1.47 0 03520 1.27 0 0.2885 -17.00 0
2
RO,adj,MS 0.3494 0.52 0 0.3488  0.35 0 0.2850 -18.01 0
2
Ro,adj’LM 0.3472 -0.12 0 0.3464 -0.35 0 03735 745 0
R12 0.2847| 0.2885 1.33 0 0.2882 1.23 0 0.1782 -37.41 0
2
Rl,ad/‘,MS 0.2846 -0.04 0 0.2844  -0.11 0 0.1745  -38.71 0
2
Rl,adi’LM 0.2838 -0.32 0 0.2830 -0.60 0 0.2469 -13.28 0
2
Rl,ad/‘,SASDEV 0.4389 54.16 0 0.4386 54.06 0 0.2917  2.46 0
2
Rl,ad./‘,SASA,c 0.2808 -1.37 0 0.2805 -1.48 0 0.1707  -40.04 0
2,000 Ré 0.3482| 0.3491 0.26 0.3486  0.11 0.2828 -18.78
2
RO,adj,MS 0.3474 -0.23 0 0.3470 -0.34 0 0.2810 -19.30 0
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R? Rtiu . logit link probit link complementary link
RZ RB. %¢[0,1] RZ RB. %¢][0,1] RZ RB. %¢[0,1]
2
Ro,adA Yy 0.3469 -0.37 0 0.3464 -0.52 0 0.3745  7.55 0
R12 0.2850 | 0.2860 0.35 0 0.2859  0.32 0 0.1771  -37.86 0
Rlzadj MS 0.2841 -0.32 0 0.2840 -0.35 0 0.1752  -38.53 0
Rlzad]. M 0.2838 -0.42 0 0.2830 -0.70 0 0.2501 -12.25 0
2
Rl,adj,SASDEV 0.4358 5291 0 0.4356 52.84 0 0.2898 1.68 0
2
Rl,ad.i,SASAm 0.2822 -0.98 0 0.2821 -1.02 0 0.1733  -39.19 0

& 52 A 1w
Wwe R ADANTYTIU LA RB

=[(R*-R%.)/ R |x100%
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v & ' v v '
13139 3 Mmadavesdudszanimsdadulauvuaieg Nldanmsnig 1,000 ase e l¥duuy

logit(m,)=0.5-0.45x, +3.525x,, —0.1x,; — 0.5x,, + 0.2x,5 — 0.4x,, + 0.3x,, —0.3x,, —0.05x,, + 0.8x,,,

meldvuiadied1s 50, 100, 1000 ag 2000

n R? Rtiu o logit link probit link complementary link
RZ RB. %¢[0,1] RZ RB. %¢][0,1] RZ RB. %¢[0,1]
50 Ré 0.4875| 0.6605  35.49 0 0.6477 32.86 0 0.5976  22.58 0
2
RO,adj,MS 0.5735 17.64 0 0.5574 14.34 0 0.4944  1.42 1.7
2
Ro,adj’LM 0.4767 -2.22 1.5 0.4753 -2.50 1.2 0.5229 7.26 1.9
R12 0.4149| 0.6127 47.67 0 0.6140 47.99 0 0.0664 -84.00 454
2
Rl,ad/‘,MS 0.4588 10.58 0 0.4593 10.70 0 -0.0794 -119.14 56.9
2
Rl,adi’LM 0.4049 -2.41 33 0.4141 -0.19 2.5 -0.0058 -101.40 51.0
2
Rlaadj’SASDEV 0.7607 83.35 0 0.7609 83.39 0 0.1172 -71.75 454
2
Rlaadj’SASAlC 0.2275 -45.17 5.4 0.2287 -44.88 5.5 -0.3047 -173.44 77.8
100 Ré 0.4916 | 0.5678 15.50 0 0.5608 14.08 0 0.5115 4.05 0
2
RO,adj,MS 0.5193  5.63 0 0.5114 4.03 0 0.4566 -7.12 0
2
Ro,adj’LM 0.4945  0.59 0 0.4818 -1.99 0 0.4479 -8.89 0
R12 0.4178 | 0.5034 20.49 0 0.5040 20.63 0 0.2109 -49.52  26.8
2
Rl,ad/‘,MS 0.4268  2.15 0 0.4278  2.39 0 0.1374 -67.11 343
2
Rl,adi’LM 0.4188 0.24 0 0.4093 -2.03 0 0.1204 -71.18 345
2
Rlaadj’SASDEV 0.6664 59.50 0 0.6683  59.96 0 03374 -19.24  26.8
2
Rlaadj’SASAlC 0.3327 -20.37 0 0.3349 -19.84 0 0.0467 -88.82 45.1
1,000 Ré 0.4942| 0.5010  1.38 0 0.5000 1.17 0 0.4563 -7.67 0
2
RO,adj,MS 0.4960  0.36 0 0.4949 0.14 0 0.4508 -8.78 0
2
Ro,adj’LM 0.4956  0.28 0 0.4938 -0.08 0 0.5180 4.82 0
R12 0.4200 | 0.4270  1.67 0 0.4268 1.62 0 0.3191 -24.02 0
2
Rl,ad/‘,MS 0.4195 -0.12 0 0.4192 -0.19 0 03116 -25.81 0
2
Rl,adi’LM 0.4215  0.36 0 0.4196 -0.10 0 0.3681 -12.36 0
2
Rlaadj’SASDEV 0.5943  41.50 0 0.5938 41.38 0 0.4749 13.07 0
2
Rlaadj’SASAlC 04117 -1.98 0 04115 -2.02 0 0.3039 -27.64 0
2,000 Ré 0.4942 | 0.4968  0.53 0 0.4962 0.40 0 0.4534 -8.26 0
2
RO,adj,MS 0.4943  0.02 0 0.4937 -0.10 0 0.4506 -8.82 0

13
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R? Rtiu . logit link probit link complementary link
RZ RB. %¢[0,1] RZ RB. %¢][0,1] RZ RB. %¢[0,1]
2
Ro,adj’LM 0.4930 -0.24 0 0.4946  0.08 0 0.5222  5.67 0
R12 0.4199| 0.4220  0.50 0 0.4216 0.40 0 0.3187 -24.10 0
Rlzadj MS 0.4182 -0.40 0 0.4177 -0.52 0 0.3150 -24.98 0
Rlzad]. M 0.4186 -0.31 0 0.4195 -0.10 0 0.3773 -10.15 0
2
Rlaadj’SASDEV 0.5893  40.34 0 0.5885 40.15 0 0.4747 13.05 0
2
Rl,ad.i,SASAm 0.4143 -1.33 0 0.4139 -1.43 0 03112 -25.89 0

o R*fomiisogu iag RB. = [(ﬁz R’ )/Rfm] x100%
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