Supplementary Materials
S1. Experimental Instructions (as displayed on screen prior to the experiment)

The experimental instructions were presented to participants in Standard Mandarin.
The Mandarin text below reproduces the instructions exactly as they appeared on
screen during the experiment. English translations are provided for reference only and
were not shown to participants.

S1.1 Instructions for the AX discrimination task
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English translation

You will hear two sounds. Please decide whether they are the same or different.
Try to pay attention to even the smallest differences between the two sounds.
Sometimes the difference will be obvious; sometimes it may be difficult to
perceive.

Press the 'BLUE' key: same (=)

Press the 'RED' key: different (#)

You may press a key only once for each pair of sounds.

If no key is pressed, the program will automatically proceed to the next trial.
Please do not attempt to change a previous response.

Please respond as quickly as possible and remain focused.

Press the space bar to begin.

S1.2 Instructions for the forced-choice identification task
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English translation

You will hear a sound. Please choose the image corresponding to the category to
which the sound belongs.

Two images will appear on the left and right sides of the screen; their positions
will vary randomly.

Press the 'BLUE' key to select the image on the left.

Press the 'RED' key to select the image on the right.

After hearing each sound, please press your chosen key as quickly as possible.
Please remain focused, and note that only one key press is allowed for each
sound.

If no key is pressed, the program will automatically proceed to the next trial.
Please do not attempt to change a previous response.

Press the space bar to begin.



S$2. Summary of GLMM Analysis of Identification Responses

Table 52.1 Fixed effects (logit estimates and odds ratios with 95% Cls)

Term Estimate SE OR OR OR P
(logit) (low) | (high)

(Intercept) 0.745 | 0.138 2.105 1.606 2.761 <.001
Step (2-1) 0.425 | 0.215 1.530 1.004 2.330 0.048
Step (3-2) 1.002 | 0.151 2.722 2.026 3.658 <.001
Step (4-3) 0.713 | 0.123 2.041 1.604 2.596 <.001
Step (54) 0.883 | 0.134 2.418 1.861 3.142 <.001
Step (6-5) 0.681 | 0.175 1.976 1.402 2.786 <.001
Step (7-6) 0.385 | 0.213 1.470 0.967 2.232 0.071
Vowel (/i/ vs. /a/) -0.475 | 0.211 0.622 0.411 0.941 0.025
Age 0.412 | 0.164 1.509 1.095 2.079 0.012
Proficiency 0.066 | 0.173 1.068 0.761 1.499 0.703
Education -0.390 | 0.146 0.677 0.508 0.901 0.008
Step (2-1) x Vowel 0.827 | 0.211 2.286 1.512 3.455 <.001
Step (3-2) x Vowel 0.972 | 0.147 2.643 1.980 3.527 <.001
Step (4-3) x Vowel 0.666 | 0.121 1.947 1.536 2.469 <.001
Step (5—4) x Vowel 0.557 | 0.131 1.745 1.349 2.257 <.001
Step (6-5) x Vowel 0.695 | 0.172 2.004 1.430 2.808 <.001
Step (7-6) x Vowel -0.002 | 0.207 0.998 0.666 1.496 0.993
Vowel x Age -0.475 | 0.208 0.622 0.414 0.935 0.022
Step (2-1) x Age 0.788 | 0.208 2.199 1.462 3.306 <.001
Step (3-2) x Age -0.083 | 0.183 0.921 0.644 1.317 0.651
Step (4-3) x Age 0.289 | 0.162 1.335 0.971 1.835 0.075
Step (5-4) x Age 0.021 | 0.178 1.021 0.720 1.448 0.908
Step (6-5) x Age 0.178 | 0.207 1.194 0.796 1.793 0.392
Step (7-6) x Age -0.220 | 0.224 0.803 0.518 1.244 0.325
Step (2-1) x Proficiency 0.012 | 0.261 1.012 0.606 1.689 0.964
Step (3-2) x Proficiency 0.384 | 0.226 1.468 0.942 2.288 0.090
Step (4-3) x Proficiency 0.245 | 0.182 1.277 0.894 1.825 0.179
Step (5—4) x Proficiency 0.373 | 0.196 1.452 0.989 2.132 0.057
Step (6-5) x Proficiency -0.016 | 0.222 0.985 0.637 1.521 0.944
Step (7-6) x Proficiency 0.446 | 0.251 1.562 0.955 2.555 0.076
Step (2-1) x Education 0.313 | 0.213 1.367 0.900 2.078 0.143
Step (3-2) x Education -0.182 | 0.180 0.833 0.585 1.186 0.311
Step (4-3) x Education -0.136 | 0.154 0.873 0.646 1.180 0.377




Step (5—4) x Education -0.469 | 0.170 0.625 0.449 0.872 0.006
Step (6-5) x Education -0.025 | 0.200 0.975 0.659 1.443 0.900
Step (7—6) x Education -0.486 | 0.228 0.615 0.393 0.962 0.033

Table 52.2 Overall vowel difference (averaged over steps)
Contrast Odds ratio (i/ a) SE z p
i/a 0.387 0.163 -2.249 0.025

Table S2.3 Midpoint estimates (Step = 3)

Step Vowel P(/1)) SE 95% CI
3 i 0.631 0.0465 [0.537, 0.717]
3 a 0.731 0.0645 [0.588, 0.838]

Table S2.4 Fitted P(/l/) by step x vowel (with Holm-adjusted vowel p-values per step)

Step | Vowel Prob SE LCL UCL | p (/i/ vs./al)
0 i 0.017 | 0.006 0.008 0.034 <.001
0 a 0.790 | 0.055 0.664 0.877 <.001
1 i 0.057 | 0.014 0.035 0.091 <.001
1 a 0.716 | 0.067 0.569 0.827 <.001
2 i 0.301 | 0.042 0.225 0.390 <.001
2 a 0.722 | 0.066 0.577 0.831 <.001
3 i 0.632 | 0.046 0.537 0.717 0.301
3 a 0.731 | 0.065 0.588 0.838 0.301
4 i 0.879 | 0.024 0.823 0.919 0.154
4 a 0.790 | 0.055 0.664 0.878 0.154
5 i 0.966 | 0.010 0.940 0.981 <.001
5 a 0.788 | 0.055 0.660 0.877 <.001
6 i 0.977 | 0.007 0.957 0.988 <.001
6 a 0.845| 0.044 0.739 0.913 <.001

Table S2.5 Adjacent-step contrasts within vowel (Holm-adjusted)
Vowel | Fromstep | To step OR SE z p
i CVo CVi 3.496 | 1.338 3.270 0.002
i CVi CV: 7.196 | 1.693 8.386 | <.001
i CV:2 CVs 3.974 | 0.656 8.354 | <.001
i CVs CV, 4219 | 0.818 7422 | <.001
i CV. CVs 3.960 | 1.168 4666 | <.001
i CVs CVs 1.467 | 0.546 1.028 0.304




a CVo CVi 0.669 | 0.125 -2.158 0.185
a CVi CV: 1.030 | 0.188 0.162 1.000
a CV2 CVs 1.048 | 0.188 0.261 1.000
a CVs CV, 1.386 | 0.250 1.807 0.283
a CV4 CVs 0.986 | 0.181 -0.076 1.000
a CVs CVs 1.472 | 0.286 1.994 0.231




S3. Summary of LMM Analysis of Identification RT

Table S3.1 Fixed effects on log-RT and time ratios (95% CI)

Term Es‘“gi‘g SE | Time Ratio 95% CI| t/z p
(Intercept) —0.328 | 0.036 0.721 | [0.669, 0.776] | —9.022 | <.001
Step (2-1) 0.014 | 0.017 1.014 | [0.980, 1.049] 0.806 | 0.420
Step (3-2) —-0.002 | 0.017 0.998 | [0.965,1.032] | —0.123 | 0.902
Step (4-3) 0.007 | 0.017 1.007 | [0.973,1.042] | 0.380 | 0.704
Step (54) —0.048 | 0.017 0.953 | [0.921,0.986] | —2.787 | 0.005
Step (6-5) —-0.021 | 0.017 0.979 | [0.947,1.013] | —1.219 | 0.223
Step (7-6) —0.010 | 0.017 0.990 | [0.957,1.023] | —0.608 | 0.543
Vowel (/i/ vs. /a/) 0.029 | 0.019 1.029 | [0.989,1.071] | 1.489 | 0.147
Age 0.086 | 0.037 1.090 | [1.010, 1.176] 2.299 | 0.029
Proficiency —0.080 | 0.037 0.923 | [0.856,0.997] | —2.133 | 0.041
Step (2-1) x Vowel 0.009 | 0.017 1.009 | [0.976,1.044] | 0.521 | 0.602
Step (3—2) x Vowel 0.026 | 0.017 1.026 | [0.992,1.061] 1.479 | 0.139
Step (4-3) x Vowel —-0.014 | 0.017 0.986 | [0.953,1.020] | —0.822 | 0.411
Step (5—4) x Vowel —0.078 | 0.017 0.925 | [0.894,0.957] | —4.523 | <.001
Step (6-5) x Vowel 0.009 | 0.017 1.009 | [0.976,1.044] | 0.528 | 0.598
Step (7—6) x Vowel 0.003 | 0.017 1.003 | [0.970, 1.038] 0.204 | 0.839
Table S3.2 Between-vowel comparisons at each step for RT (log scale; Holm-adjusted)
Step | Contrast Estng(z:g SE | Time Ratio 95% CI1 z p
CVo i—a 0.083 | 0.045 1.086 | [0.995,1.186] | 1.849 | 0.064
CV, i—a 0.101 | 0.045 1.106 | [1.013,1.207] | 2.251 | 0.024
CV; i—a 0.152 | 0.045 1.164 | [1.066,1.271] | 3.379 | 0.001
CV; i—a 0.123 | 0.045 1.131 | [1.036,1.235] | 2.744 | 0.006
CV, i—a —0.033 | 0.045 0.968 | [0.886, 1.056] | —0.733 | 0.464
CVs i—a —0.015 | 0.045 0.985 | [0.903,1.076] | —0.327 | 0.744
CVs i—a —0.008 | 0.045 0.992 | [0.909, 1.083] | —0.172 | 0.864
Table S3.3 Adjacent-step RT contrasts by Age level
Vowel Contrast Estng(z:g): SE ;::;s 95% CI z p
1 CV.—CV, 0.023 0.024 1.023 | [0.960, 1.090] 0.952 1.000
i CV—CV, 0.023 |  0.024 1.024 | [0.960, 1.092] 0.963 | 1.000
1 CVis-CV2 —0.008 0.025 0.992 | [0.930, 1.059] —0.312 1.000
i CV.+—CV; —0.126 | 0.024 0.882 | [0.827,0.940] | —5.195] <.001
1 CVs—CV4 —0.012 0.024 0.988 | [0.928, 1.052] —0.497 1.000
1 CVs—CV;s —0.007 0.024 0.993 | [0.933, 1.058] —0.291 1.000
a CVi—CVo 0.005 | 0.025 1.005 | [0.942, 1.072] 0.198 | 1.000




a CV—CVi —0.028 0.025 0973 | [0.912,1.038] | —1.128 1.000
a CV5;—CV: 0.021 0.024 1.021 | [0.957, 1.089] 0.853 1.000
a CV+—CV; 0.030 0.025 1.030 | [0.966, 1.099] 1.221 1.000
a CVs—CV4 —0.030 0.025 0.970 | [0.909,1.036] | —1.215 1.000
a CV«CVs —0.014 0.025 0.986 | [0.924,1.052] | -0.564 | 1.000




S4. Summary of GLMM Analysis of AX Discrimination Accuracy

Table 54.1 Fixed effects (logit estimates and odds ratios with 95% Cls)

Term Estimate SE | Odds Ratio 95% CI p
(logit)
(Intercept) —1.148 0.163 0.317 | [0.230,0.437] <.001
Vowel (/i/ vs. /a/) 0.415 0.097 1.514 | [1.250, 1.832] <.001
Step 2-1 —0.467 0.123 0.627 | [0.493,0.798] <.001
Step 3-2 —0.286 0.126 0.751 | [0.587,0.961] .023
Step 4-3 —0.235 0.128 0.790 | [0.615,1.016] .066
Step 54 —0.342 0.136 0.711 | [0.544, 0.928] 012
Age —0.200 0.154 0.818 | [0.605,1.107] 194
Education 0.172 0.153 1.188 | [0.881, 1.603] 259
Vowel x Step 2-1 0.098 0.122 1.103 | [0.868, 1.402] 422
Vowel x Step 3-2 —0.407 0.125 0.665 | [0.521, 0.850] .001
Vowel x Step 4-3 —0.323 0.127 0.724 | [0.565, 0.928] 011
Vowel x Step 54 —0.313 0.135 0.731 | [0.561,0.953] .020
Step 2—-1 x Age 0.038 0.121 1.039 | [0.820, 1.316] 751
Step 3-2 X Age 0.148 0.125 1.160 | [0.908, 1.481] 235
Step 4-3 x Age 0.113 0.129 1.120 | [0.869, 1.442] 382
Step 54 x Age —0.301 0.138 0.740 | [0.564,0.970] .029
Step 2—1 x Education 0.253 0.127 1.288 | [1.005, 1.652] .046
Step 3—2 x Education 0.163 0.131 1.177 | [0.909, 1.522] 216
Step 4-3 x Education —0.123 0.134 0.884 | [0.679,1.151] 359
Step 5—4 x Education —0.082 0.146 0.921 | [0.691, 1.227] 574
Table S$4.2 Mean “different” accuracy by vowel (probability scale)
vowel prob SE LCL UCL
i 0.324 0.035 0.260 0.395
a 0.173 0.031 0.120 0.243
Table S4.3 Estimated means by midpoint x vowel (probability scale; covariates at mean)
vowel mid prob SE LCL UCL
i 1 0.5822211 0.04517730 0.4919683 0.6672837
i 2 0.4908157 0.04623775 0.4014659 0.5807562
i 3 0.3250952 0.04138741 0.2497089 0.4107800
i 4 0.2161031 0.03309282 0.1582375 0.2878924
i 5 0.1253127 0.02321003 0.0864256 0.1782825
a 1 0.2292699 0.04293179 0.1559567 0.3238245
a 2 0.1446335 0.03111337 0.0936175 0.2168005
a 3 0.1602343 0.03349744 0.1048554 0.2371138
a 4 0.1724049 0.03533631 0.1136407 0.2528865
a 5 0.1683580 0.03483132 0.1105740 0.2479218




Table 54.4 Adjacent midpoint contrasts within vowel (Holm-adjusted)

vowel contrast OR SE y/ p
i mid 2 /mid _fl 0.6916749 0.10986207 -2.321 0.0203
i mid 3/ mid 2 0.4997175 0.08062635 -4.300 0.0001
i mid f4/mid f3 0.5723137 0.09815392 -3.254 0.0024
i mid 5/ mid 4 0.5196851 0.10140309 -3.354 0.0024
a mid 2/ mid fl 0.5684234 0.10602986 -3.028 0.0098
a mid 3/ mid 2 1.1284453 0.21705696 0.628 1.0000
a mid f4/mid f3 1.0917779 0.20569030 0.466 1.0000
a mid 5/ mid 4 0.9717753 0.18299780 -0.152 1.0000

Table 54.5 Vowel difference at each midpoint (Holm-adjusted)

mid contrast OR SE | df z p
1 i/a 4.684860 1.1389046 | Inf 6.353 <.0001
2 i/a 5.700680 1.4300625 | Inf 6.939 <.0001
3 i/a 2.524473 0.6328600 | Inf 3.694 0.0002
4 i/a 1.323337 0.3371864 | Inf 1.100 0.2715
5 i/a 0.707693 0.1895953 | Inf -1.291 0.1969




S5. Summary of LMM Analysis of AX RT

Table S5.1 Fixed effects on log-RT and time ratios (95% CI)

Term Estimate SE | Time Ratio 95% CI1 z p
Intercept -0.715 | 0.052 0.489 | [0.439,0.544] | -13.66 | <.001
Midpoint 2—1 -0.020 | 0.025 0.981 | [0.933,1.030] | -0.78 | 0.438
Midpoint 3-2 -0.001 | 0.025 0.999 | [0.951,1.050] | -0.04 | 0.968
Midpoint 4-3 0.000 | 0.025 1.000 | [0.952, 1.050] 0.01 | 0.996
Midpoint 54 -0.040 | 0.025 0.961 | [0.915,1.009] | -1.61| 0.108
Vowel (/i/ vs. /a/) 0.082 | 0.025 1.085 | [1.031, 1.143] 3.24 | 0.003
Age 0.112 | 0.051 1.118 | [1.008, 1.241] 2.19| 0.036
L2 Use -0.111 | 0.051 0.895 | [0.806,0.993] | -2.18 | 0.038
Midpoint 2—1 x Vowel -0.037 | 0.025 0.964 | [0.917,1.013] | -1.46| 0.144
Midpoint 3-2 x Vowel 0.032 | 0.025 1.032 | [0.983, 1.085] 1.27 | 0.206
Midpoint 4-3 x Vowel -0.019 | 0.025 0.981 | [0.934,1.031] | -0.75| 0.451
Midpoint 54 x Vowel -0.014 | 0.025 0.986 | [0.939,1.036] | -0.56 | 0.577
Table S5.2 Between-vowel RT differences at each midpoint (Holm-adjusted)
Midpoint | Contrast | Estimate SE | Time Ratio 95% CI Z p
1 i—a 0.205 | 0.060 1.228 | [1.092,1.380] | 3.44 | 0.001
2 i—a 0.131 | 0.060 1.140 | [1.014,1.282] | 2.19 | 0.028
3 i—a 0.195 | 0.060 1.215 ] [1.081,1.366] | 3.27 | 0.001
4 i—a 0.157 | 0.060 1.170 | [1.041,1.315] | 2.64 | 0.008
5 i—a 0.129 | 0.060 1.138 | [1.013,1.279] | 2.17 | 0.030
Table S5.3 Adjacent-midpoint RT changes by moderator level
Age
Vowel Contrast Time Ratio 95% CI Y/ p
i Midpoint 2—1 0.945 [0.866, 1.032] -1.60 0.436
i Midpoint 3-2 1.031 [0.945, 1.126] 0.88 0.759
i Midpoint 4-3 0.981 [0.899, 1.071] -0.54 0.759
i Midpoint 54 0.947 [0.868, 1.034] -1.55 0.436
a Midpoint 2—1 1.017 [0.930, 1.114] 0.48 1.000
a Midpoint 3-2 0.968 [0.884, 1.059] -0.91 1.000
a Midpoint 4-3 1.019 [0.932, 1.115] 0.53 1.000
a Midpoint 54 0.974 [0.891, 1.065] -0.73 1.000
L2 Use
Vowel Contrast Time Ratio 95% CI1 Y/ p
i Midpoint 2—1 0.945 [0.866, 1.032] -1.60 0.436
i Midpoint 3-2 1.031 [0.945, 1.126] 0.88 0.759
i Midpoint 4-3 0.981 [0.899, 1.071] -0.54 0.759
i Midpoint 54 0.947 [0.868, 1.034] -1.55 0.436
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a Midpoint 2—1 1.017 [0.930, 1.114] 0.48 1.000
a Midpoint 3-2 0.968 [0.884, 1.059] -0.91 1.000
a Midpoint 4-3 1.019 [0.932, 1.115] 0.53 1.000
a Midpoint 54 0.974 [0.891, 1.065] -0.73 1.000
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