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Appendix for
“Mixture-of-Experts Meets Instruction Tuning: A Winning
Combination for Large Language Models”

A ADDITIONAL RESULTS

A.1 LEARNING EFFICIENCY

We present a detailed learning efficiency experiment in Figure 7 across number of steps. It shows that
MOoE starts to outperform Dense counterparts right after 25k steps with instruction tuning.

A.2 HYPERPARAMETER SENSITIVITY

Following ST-MoE Zoph et al. (2022), we further experiment with expert dropout (0.0, 0.1, 0.5),
varying the learning rate (le=4,5e¢~4, 1e~3) and batch size (16, 32, 64) to examine the hyperpa-
rameter sensitivity of FLAN-MOE. We found that the performance varies in different tasks but not
significantly with all the hyperparameters, but lower learning rate and small batch size lead to a more
stable instruction finetuning process of the model at extra-large scales.

A.3 DECODER-ONLY MOE

We perform a further ablation on the effects of instruction tuning on decoder-only MoE models (Du
et al., 2022) as shown in Figure 8 at xI scale. It can be seen that decoder-only model benefits more
from instruction tuning, which shows the potential of FLAN-MOE at more generalized architecture
and objective setting. We leave the study of scaling decoder-only FLAN-MOE as future works.

A.4 LANGUAGE MODEL ADAPTATION

Another possible effect of why instruction-tuing could be effective is because the additional steps
of language model objective pretraining, which previous studies Lester et al. (2021) found could
make TS5 more adept at handling task-specific challenges. In Figure 9, we ablate this factor and show
detailed analyses regarding token dropping ratio. We can see that the scalabity of MoE is largely
improved after Im adaptation, but the gaps persists from Dense couterparts. Also, the large token
dropping rate presented using common capacity factor during Oshot evaluation is improved after Im
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Figure 7: Learning efficiency comparison. Average zero-shot, and few-shot performance of FLAN-
SWITCH models versus FLAN-TS dense models as more tokens are processed during training on
FLAN Tasks.
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Figure 8: Impact of Instruction Tuning on Decoder-only MoEs.
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Figure 9: Effect of Language Model Adaptation and Instruction Tuning on token dropping ratio and
Oshot MMLU.

adapation. After instruction-tuning, we can see the token dropping behavior is much similar to which
shown in the pretraining. Scalable generalization gains on Oshot MMLU can be promised here as well.
We also try to increase the capacity factor to 64 which alleviates the token dropping ratio but yield
worse performance even compared to activating two experts in our default experiment setting. We
attribute this to the significant discrepancy of capacity factor in pretraining and evaluation, which may
cause the behavior of MoE deviating drastically. We leave the further study towards understanding
the effect of token dropping and evaluation performance to future works.

B SUBTASK RESULTS IN EACH BENCHMARK

B.1 MMLU

In the case of five-shot MMLU, we employ the "dev" set as the small sample exemplars.
The performance of individual tasks in MMLU on the "validation" set is detailed in this
section (refer to https://www.tensorflow.org/datasets/community_catalog/
huggingface/hendrycks_test for more information). Please note, all MMLU findings
presented in this paper correspond to the "validation" set. We employ the prompts in Chung et al.
(2022).
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Table 3: MMLUI:10] individual task performance.

MMLU

Abstract Anatom: Astronom Business Clinical College College College College College

Algebra Y Y Ethics Knowledge Biology Chemistry ~ Comp. Sci. Math Medicine

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT
- davinci 273 273 500 429 250 312 455 364 31.0 345 438 250 125 250 182 36.4 273 9.1 364 318
- text-davinci-002 9.1 273 57.1 28.6 625 562 63.6 72.7 51.7 552 68.8 43.8 125 375 63.6 364 545 364 63.6 545
- text-davinci-003 182 364 50.0 57.1 625 625 63.6 63.6 62.1 655 625 812 250 250 545 455 81.8 72.7 727 68.2
- code-davinci-002 182 27.3 71.4 357 68.8 56.2 545 63.6 69.0 655 62.5 50.0 25.0 37.5 455 273 727 455 713 864
80M  T5-Small 182 00 429 00 312 00 273 00 276 34 188 0.0 375 0.0 727 0.0 273 0.0 182 0.0
Flan-T5-Small 273 9.1 429 7.1 188 62 182 273 345 20.7 312 188 125 0.0 182 0.0 364 9.1 500 182
250M T5-Base 182 182 28.6 0.0 375 125 455 0.0 345 69 188 6.2 625 250 455 9.1 182 182 182 182
Flan-T5-Base 182 182 429 357 375 375 364 364 345 27.6 375 188 125 250 273 364 182 0.0 409 22.7
780M T5-Large 182 00 214 00 250 188 455 9.1 69 103 188 0.0 375 375 455 182 182 9.1 182 9.1
Flan-T5-Large 182 27.3 357 28.6 37.5 312 364 455 448 379 438 438 250 125 273 36.4 455 273 455 455

3B T5-XL 182 00 143 00 312 00 9.1 00 103 172 31.2 125 250 125 455 0.0 9.1 9.1 182 0.0
Flan-T5-XL 273 364 357 357 500 625 455 455 552 552 562 50.0 25.0 37.5 455 273 182 273 50.0 50.0

11B  T5-XXL 273 00 214 00 312 00 9.1 00 103 31.0 438 0.0 500 125 364 0.0 9.1 0.0 545 0.0
Flan-T5-XXL 364 455 28.6 28.6 625 50.0 63.6 545 58.6 448 68.8 562 250 50.0 364 182 273 364 682 455

8B PaLM 364 9.1 286 7. 188 375 182 36.4 24.1 241 250 438 125 125 91 9.1 273 00 136 9.1
Flan-PaLM 364 182 429 357 438 50.0 364 455 483 414 562 50.0 25.0 250 545 63.6 182 273 50.0 182

62B  PaLM 273 9.1 500 214 500 43.8 63.6 81.8 51.7 62.1 68.8 312 375 250 545 182 364 9.1 59.1 455
Flan-PaLM 182 182 57.1 429 688 688 63.6 545 51.7 552 68.8 750 125 375 545 273 364 455 818 63.6

540B PaLM 273 182 78.6 429 688 812 63.6 727 724 759 875 62.5 50.0 25.0 545 36.4 364 273 773 713
Flan-PaLM 00 9.1 500 714 812 750 63.6 545 793 62.1 875 625 625 625 81.8 63.6 364 63.6 864 86.4

250M Switchg,ase 9.1 182 143 214 438 312 364 0.0 103 103 375 375 375 50.0 364 0.0 364 182 409 0.0
FLAN-Switchg,se  18.2 273 28.6 50.0 43.8 37.5 364 364 31.0 241 312 62 375 125 364 364 273 182 364 227
780M  Switchy zrge 273 9.1 357 214 125 312 182 00 241 276 312 312 125 500 9.1 0.0 182 273 227 455
FLAN-Switch; sree  18.2 182 35.7 357 37.5 25.0 364 455 483 414 438 375 125 37.5 455 364 273 9.1 545 50.0

11B  Switchyy, 182 00 7.1 500 188 62 455 0.0 103 69 188 6.2 375 125 455 182 364 182 9.1 227
FLAN-Switchyy, 455 9.1 429 429 56.2 562 545 455 552 448 688 562 0.0 125 455 273 364 273 545 364

80M  FLAN-GSgyarL 182 182 357 357 125 188 273 9.1 31.0 345 250 125 250 125 364 9.1 9.1 182 500 273
250M FLAN-GSg,se: 182 182 50.0 357 50.0 18.8 455 63.6 414 345 438 188 125 0.0 364 273 182 273 50.0 455
780M FLAN-GS srce 182 182 357 357 56.2 50.0 455 273 51.7 379 438 438 250 125 545 364 455 364 59.1 50.0
80M  FLAN-ECgyarr 182 9.1 357 286 31.2 188 364 182 345 31.0 31.2 125 375 0.0 545 0.0 182 182 409 227
250M FLAN-ECg,si 273 182 50.0 429 438 375 273 455 483 24.1 375 438 00 125 455 364 273 182 364 318
780M FLAN-EC, zrce 9.1 364 357 28.6 50.0 438 63.6 63.6 51.7 552 438 50.0 0.0 125 455 364 273 364 727 455
3B FLAN-ECy,. 17.7 183 352 36.1 37.0 27.8 450 440 58.1 43.6 495 377 -05 38.0 450 36.4 17.7 10.1 58.6 49.6
250M STgase 182 182 7.1 214 312 125 455 455 103 69 125 375 250 375 455 455 364 182 182 9.1
FLAN-STg,se 11.5 9.1 453 28.6 21.1 312 479 364 472 31.0 274 375 524 250 569 182 20.6 182 569 22.7

32B  STus 273 00 357 00 375 188 182 182 27.6 69 125 250 375 250 182 9.1 182 0.0 13.6 182
FLAN-ST328 182 182 50.0 71.4 68.8 81.2 72.7 81.8 79.3 655 87.5 68.8 250 25.0 545 9.1 182 182 682 72.7
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Table 4: MMLUJ10:20] individual task performance.

MMLU

College Computer  Conceptual E i Electrical ~ Elementary Formal Global High School High School

Physics Security physics conometrics Engineering Mathematics Logic Facts Biology Chemistry

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT
- davinci 455 364 727 545 385 462 250 333 250 500 244 293 143 143 20.0 20.0 28.1 344 31.8 13.6
- text-davinci-002 545 81.8 81.8 81.8 53.8 615 583 50.0 50.0 375 56.1 732 7.1 28.6 50.0 70.0 719 719 182 364
- text-davinci-003 364 455 81.8 63.6 423 577 583 583 50.0 562 488 75.6 429 429 40.0 500 719 75.0 36.4 364
- code-davinci-002  45.5 72.7 909 81.8 53.8 57.7 66.7 41.7 50.0 50.0 56.1 75.6 50.0 429 40.0 50.0 71.9 65.6 40.9 40.9
80M  T5-Small 182 182 182 0.0 192 38 250 00 62 62 244 49 214 00 200 00 156 0.0 273 0.0
Flan-T5-Small 364 9.1 545 273 269 308 167 00 250 125 293 17.1 357 00 500 200 250 62 364 227

250M T5-Base 9.1 182 0.0 9.1 231 269 250 0.0 188 250 244 220 143 0.0 20.0 20.0 250 94 273 182
Flan-T5-Base 7277 455 273 273 192 269 41.7 333 250 375 268 146 28.6 429 40.0 20.0 37.5 28.1 455 31.8

780M T5-Large 182 182 182 182 269 23.1 250 0.0 375 125 293 195 7.1 00 00 200 94 62 409 9.1
Flan-T5-Large 545 364 545 545 269 23.1 167 167 375 375 36.6 17.1 429 357 40.0 20.0 40.6 250 273 273

3B T5-XL 182 9.1 9.1 182 192 231 41.7 00 375 250 39.0 17.1 429 00 300 100 312 0.0 273 45
Flan-T5-XL 7277 364 364 364 385 462 333 167 562 250 34.1 244 28.6 143 20.0 30.0 37.5 344 31.8 364

11B T5-XXL 182 182 273 455 23.1 346 167 00 312 250 268 195 429 0.0 200 100 156 0.0 31.8 0.0
Flan-T5-XXL 545 273 273 545 346 423 250 167 438 43.8 488 36.6 28.6 357 30.0 40.0 53.1 469 31.8 409

8B PalLM 182 364 364 273 269 30.8 167 333 125 188 244 244 143 0.0 300 200 156 219 182 22.7
Flan-PaLM 455 273 727 455 385 385 333 250 375 375 341 341 214 286 30.0 20.0 50.0 250 182 18.2

62B  PaLM 545 455 63.6 545 423 423 167 333 625 562 244 512 214 214 30.0 40.0 594 312 364 31.8
Flan-PaLM 7277 455 455 455 615 654 500 333 562 500 41.5 61.0 28.6 28.6 20.0 50.0 71.9 59.4 27.3 409

540B PaLM 63.6 364 81.8 81.8 61.5 654 66.7 41.7 875 625 61.0 732 28.6 357 40.0 50.0 68.8 59.4 545 40.9
Flan-PaLM 63.6 72.7 909 81.8 692 654 66.7 583 81.2 750 585 70.7 429 57.1 60.0 70.0 719 719 682 40.9

250M Switchp,sg: 9.1 9.1 182 9.1 23.1 269 167 0.0 438 50.0 26.8 17.1 28.6 0.0 30.0 10.0 125 250 31.8 0.0
FLAN-Switchg,sg 364 36.4 273 182 423 423 167 250 312 312 98 31.7 357 7.1 300 200 250 188 227 182

780M Switchy srar 273 364 364 182 308 269 250 25.0 188 0.0 268 244 7.1 286 30.0 100 375 25.0 22.7 364
FLAN-Switch sgge  63.6 455 455 364 423 269 41.7 25.0 375 312 439 195 357 429 20.0 30.0 40.6 43.8 273 13.6

11B  Switchyy 9.1 9.1 182 9.1 269 192 250 0.0 312 312 220 146 214 143 10.0 0.0 219 00 364 9.1
FLAN-Switchyy, 364 455 364 364 577 500 25.0 333 375 438 39.0 39.0 214 357 60.0 200 719 469 22.7 364

80M  FLAN-GSsyarL 455 455 9.1 9.1 231 11.5 250 333 250 250 41.5 31.7 28.6 214 40.0 40.0 281 219 182 18.2
250M FLAN-GSg,se 63.6 455 182 273 23.1 23.1 41.7 333 188 250 22.0 14.6 357 357 40.0 40.0 250 188 13.6 273
780M  FLAN-GS| srce 545 455 455 364 308 385 41.7 50.0 43.8 50.0 293 34.1 50.0 143 40.0 200 50.0 43.8 182 182
80M  FLAN-ECsyar 7277 273 63.6 273 269 154 250 167 250 62 17.1 31.7 214 7.1 30.0 40.0 344 125 31.8 409
250M FLAN-ECp,se 63.6 273 273 273 385 385 333 250 375 188 244 268 357 28.6 40.0 20.0 219 250 13.6 18.2
780M FLAN-EC| zgce 364 455 364 364 462 346 333 333 375 312 36.6 36.6 357 143 30.0 40.0 53.1 50.0 273 22.7
3B FLAN-ECy, 540 473 359 374 41.8 263 412 243 37.0 309 50.7 20.7 13.8 43.1 495 31.0 52.6 450 17.7 144
250M STguse 9.1 455 182 182 269 154 250 0.0 312 250 14.6 268 357 143 10.0 10.0 219 62 409 273
FLAN-STpse 479 182 11.5 182 293 385 44.1 250 46.1 375 26.8 341 524 28.6 624 40.0 30.5 219 160 409

32B  STiop 545 0.0 273 273 23.1 423 417 00 312 125 244 122 214 00 500 200 156 125 13.6 227
FLAN-ST3,8 364 364 364 455 654 577 583 583 625 688 512 659 50.0 57.1 40.0 50.0 78.1 68.8 31.8 40.9
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Table 5: MMLU[20:30] individual task performance.

MMLU

High School High School High School  High School High School ~ High School ~ High School ~ High School High School High School

Comp. Sci. European History Geography ~Gvmt & Politics Macroeconomics Math Microeconomics ~ Physics ~ Psychology  Statistics

Model Direct CoT Direct ~CoT  Direct CoT Direct CoT Direct CoT  Direct CoT Direct CoT  Direct CoT Direct CoT Direct CoT
- davinci 556 444 389 333 63.6 63.6 524 524 395 512 13.8 103 346 462 294 11.8 50.0 65.0 348 26.1
- text-davinci-002  100.0 66.7 83.3 833 81.8 773 762 762 628 744 345 241 769 731 47.1 235 883 90.0 522 435
- text-davinci-003 66.7 55.6 833 778 955 773 81.0 810 674 628 448 51.7 80.8 769 294 235 950 917 522 522
- code-davinci-002  88.9 55.6 83.3 778 909 864 857 857 674 674 483 517 85 80.8 235 294 950 900 652 652
80M  T5-Small 222 00 333 0.0 364 00 286 333 256 4.7 13.8 13.8 346 3.8 353 0.0 250 00 348 174
Flan-T5-Small 00 00 222 0.0 27.3 182 38.1 48 32.6 7.0 138 103 269 7.7 47.1 11.8 283 33 348 0.0

250M T5-Base 333 00 278 0.0 45 136 381 524 279 233 172 138 23.1  23.1 17.6 235 20.0 11.7 348 348
Flan-T5-Base 444 222 500 556 50.0 50.0 66.7 47.6 233 326 138 172 423 385 118 17.6 30.0 383 304 174

780M T5-Large 222 222 333 0.0 182 273 38.1 429 302 256 276 310 269 269 17.6 176 333 50 348 39.1
Flan-T5-Large 556 556 500 444 63.6 455 61.9 57.1 372 349 241 138 577 462 235 17.6 633 583 348 26.1

3B T5-XL 222 00 333 5.6 273 31.8 238 524 302 326 207 34 269 154 176 17.6 150 150 348 13.0
Flan-T5-XL 66.7 333 778 778 63.6 63.6 714 476 349 465 241 138 462 538 17.6 294 783 633 435 26.1

11B T5-XXL 1.1 00 389 0.0 227 409 381 571 302 372 276 34 269 423 176 17.6 383 21.7 348 43
Flan-T5-XXL 444 556 722 722 727 682 81.0 667 442 395 345 276 500 269 176 17.6 86.7 783 348 348

8B PaLM 222 333 278 278 364 273 95 238 256 18.6 172 241 192 308 17.6 11.8 250 233 13.0 26.1
Flan-PaLM 444 444 722 556 682 455 57.1 57.1 442 442 172 207 57.7 462 17.6 353 683 450 39.1 26.1

62B  PaLM 66.7 66.7 61.1 556 636 727 47.6 57.1 419 512 276 345 577 654 294 17.6 833 750 478 522
Flan-PaLM 55.6 55.6 889 722 81.8 773 762 714 581 605 172 345 692 692 235 294 883 85.0 522 304

540B PaLM 100.0 88.9 889 77.8 909 909 952 81.0 814 744 414 310 962 769 235 353 933 80.0 522 522
Flan-PaLM 100.0 77.8 83.3 722 955 909 952 857 79.1 72.1 31.0 44.8 100.0 88.5 59 294 933 933 69.6 47.8

250M Switchy,sp 00 00 333 0.0 182 182 381 286 372 116 379 34 269 231 17.6 17.6 250 83 348 3438
FLAN-Switchg,sz 444 556 500 389 59.1 682 619 429 372 326 207 69 577 423 294 294 600 350 26.1 39.1

780M  Switchy arce 222 333 278 167 273 182 95 333 256 302 10.3 24.1 346 385 412 17.6 21.7 150 13.0 26.1
FLAN-Switchy sgr  33.3 55.6 61.1 27.8 727 545 667 619 465 465 276 138 654 462 59 235 683 550 522 39.1

11B Switchyx, 444 00 278 278 182 273 524 48 20.9 163 414 00 23.1 0.0 176 59 150 133 435 26.1
FLAN-Switchyy, ~ 55.6 444 722 722 727 818 857 762 628 488 345 207 53.8 538 235 294 850 783 39.1 34.8

80M  FLAN-GSgyarr 222 00 333 167 500 273 381 238 302 279 241 103 23.1 346 235 412 383 283 21.7 304
250M FLAN-GSgase 444 11.1 500 389 50.0 545 524 381 349 233 207 172 462 154 588 17.6 46.7 350 39.1 34.8
780M FLAN-GS, srqe: 444 222 6l1.1 278 727 59.1 81.0 762 419 326 276 31.0 61.5 500 294 412 80.0 66.7 30.4 348
80M  FLAN-ECgyarr 444 11.1 333 222 455 364 429 381 302 186 276 13.8 192 154 235 235 46.7 30.0 39.1 21.7
250M FLAN-ECgase 444 222 61.1 222 63.6 59.1 57.1 429 442 372 310 31.0 500 423 294 176 633 56.7 26.1 304
780M FLAN-ECarce 66.7 444 61.1 222 773 864 57.1 571 372 372 276 276 500 538 412 17.6 833 750 304 304
3B FLAN-ECy, 55.1 57.7 71.7 294 813 539 805 622 553 474 202 149 649 475 17.1 23.7 912 565 38.6 40.6
250M STpase 333 0.0 333 11.1 182 00 476 286 186 302 448 241 192 0.0 294 176 150 233 26.1 348
FLAN-STy,s5 58.0 333 635 55.6 615 364 548 57.1 326 279 300 31.0 60.1 462 318 353 64.1 51.7 24.1 39.1

32B  STim 1.1 00 278 167  31.8 13.6 238 286 326 233 241 34 231 154 235 11.8 267 10.0 13.0 174
FLAN-ST328 66.7 66.7 77.8 77.8 955 81.8 952 905 767 698 379 414 769 769 176 11.8 950 86.7 652 60.9
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Table 6: MMLU[30:40] individual task performance.

MMLU
High School ~ High School Human Human International Juri d Logical Machine M ent  Marketi

US History World History Aging Sexuality Law unsprudence  pallacies Learning anagement arketing

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT
- davinci 545 364 385 462 304 609 167 500 846 385 182 9.1 556 50.0 273 182 455 63.6 56.0 64.0
- text-davinci-002 86.4 727 692 73.1 783 87.0 66.7 583 923 84.6 63.6 455 77.8 66.7 455 36.4 727 727 80.0 80.0
- text-davinci-003 81.8 818 80.8 76.9 783 739 66.7 583 846 84.6 63.6 545 833 833 455 545 81.8 727 84.0 76.0
- code-davinci-002  100.0 77.3 769 84.6 783 783 750 583 100.0 923 63.6 727 833 722 545 63.6 909 81.8 80.0 80.0
80M  T5-Small 409 0.0 308 00 348 13.0 41.7 250 308 00 273 273 333 0.0 273 00 182 9.1 240 4.0
Flan-T5-Small 50.0 31.8 154 7.7 43 130 333 167 231 7.7 273 9.1 222 167 182 00 182 9.1 440 200

250M T5-Base 182 0.0 30.8 00 304 304 333 250 7.7 7.7 273 182 333 278 364 273 182 0.0 200 240
Flan-T5-Base 59.1 50.0 50.0 50.0 304 304 50.0 333 385 462 182 182 444 66.7 182 364 364 182 640 60.0

780M T5-Large 136 00 308 0.0 478 39.1 41.7 41.7 7.7 00 182 0.0 333 222 364 9.1 182 273 20.0 16.0
Flan-T5-Large 545 545 577 423 522 565 41.7 41.7 538 308 455 364 77.8 556 182 182 63.6 63.6 840 68.0

3B T5-XL 182 00 308 7.7 21.7 304 41.7 333 7.7 308 273 9.1 27.8 27.8 273 0.0 182 273 28.0 20.0
Flan-T5-XL 727 727 577 692 565 47.8 750 50.0 84.6 61.5 545 455 722 66.7 455 182 545 727 84.0 84.0

11B T5-XXL 227 00 346 00 87 435 250 250 462 0.0 273 9.1 222 444 91 00 545 455 200 60.0
Flan-T5-XXL 63.6 63.6 73.1 731 739 609 750 500 769 538 545 364 667 77.8 273 273 727 455 72.0 76.0

8B PaLM 364 31.8 154 23.1 478 348 167 167 538 462 273 9.1 167 222 182 182 182 364 320 24.0
Flan-PaLM 727 545 615 61.5 522 565 66.7 500 769 385 727 364 61.1 722 455 455 818 364 72.0 68.0

62B  PaLM 773 409 57.7 385 69.6 652 583 250 769 615 455 273 61.1 66.7 455 182 727 81.8 84.0 80.0
Flan-PaLM 81.8 545 808 769 609 69.6 833 50.0 84.6 692 63.6 63.6 61.1 66.7 27.3 364 81.8 81.8 72.0 72.0

540B PaLM 909 72.7 885 769 783 739 91.7 750 1000 61.5 63.6 72.7 833 66.7 273 273 81.8 81.8 84.0 84.0
Flan-PaLM 909 955 885 80.8 826 69.6 91.7 750 100.0 84.6 81.8 81.8 722 66.7 455 545 81.8 909 84.0 84.0

250M Switchg,sg 273 00 115 00 348 43 583 00 462 7.7 455 364 278 0.0 273 9.1 545 273 320 8.0
FLAN-Switchg,se  50.0 36.4 462 192 47.8 478 250 250 462 308 364 182 556 500 182 455 455 545 68.0 56.0

780M Switchy sree 31.8 31.8 11.5 231 21.7 304 0.0 333 385 308 273 182 222 27.8 273 182 182 273 320 16.0
FLAN-Switchy sz 59.1 364 423 50.0 47.8 609 41.7 333 615 53.8 455 455 66.7 500 9.1 182 727 727 80.0 76.0

11B  Switchyy, 13.6 31.8 30.8 269 26.1 87 167 83 7.7 00 273 00 278 222 273 182 182 273 20.0 0.0
FLAN-Switchyxy, 682 59.1 654 615 522 69.6 66.7 41.7 100.0 769 273 273 778 66.7 364 364 63.6 727 92.0 80.0

80M  FLAN-GSsyarL 50.0 27.3 385 192 304 304 16.7 250 30.8 308 273 182 389 333 455 9.1 364 182 640 40.0
250M FLAN-GSgase 545 364 577 346 348 348 66.7 667 462 462 364 182 61.1 61.1 9.1 273 364 455 640 52.0
780M FLAN-GS| srae 59.1 364 654 346 565 39.1 583 41.7 769 615 182 9.1 556 556 9.1 273 545 63.6 760 68.0
80M  FLAN-ECsyarL 27.3 31.8 50.0 308 21.7 26.1 50.0 250 30.8 308 364 9.1 444 278 273 00 545 273 320 64.0
250M FLAN-ECgase 727 273 577 269 522 435 250 41.7 769 538 455 364 778 61.1 182 182 364 182 76.0 48.0
780M FLAN-EC| \rae 68.2 455 654 385 565 609 41.7 500 61.5 23.1 364 182 66.7 55.6 364 182 727 72.7 80.0 68.0
3B FLAN-ECy,, 76.8 384 61.0 507 734 609 662 352 68.7 537 450 47.1 71.7 519 268 19.7 722 73.1 955 78.1
250M STpase 13.6 31.8 308 192 26.1 13.0 41.7 41.7 7.7 00 273 00 278 222 273 182 182 455 240 0.0
FLAN-STpase 75.1 545 639 462 372 348 44.1 500 639 462 297 364 468 61.1 29.7 9.1 388 364 664 60.0

32B  STss 31.8 9.1 269 [11.5 348 13.0 333 250 00 154 273 182 222 222 273 273 545 182 120 16.0
FLAN-ST3:8 81.8 818 846 84.6 739 783 66.7 50.0 923 100.0 72.7 81.8 833 77.8 545 455 909 81.8 80.0 76.0
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Table 7: MMLU[40:50] individual task performance.

MMLU
Medical . Moral Moral - . . Professional Professional Professional
Genetics Misc. Disputes Scenarios Nutrition  Philosophy  Prehistory Accounting Law Medicine

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT
- davinci 727 909 50.0 65.1 579 395 240 34.0 545 455 441 61.8 457 429 290 355 31.2 265 323 387
- text-davinci-002 90.9 90.9 79.1 814 632 658 46.0 40.0 758 69.7 67.6 67.6 60.0 657 645 419 453 388 645 71.0
- text-davinci-003 100.0 100.0 82.6 87.2 71.1 52.6 43.0 650 78.8 69.7 76.5 76.5 657 743 548 38.7 48.8 47.1 742 67.7
- code-davinci-002  100.0 100.0 84.9 872 68.4 50.0 41.0 60.0 69.7 66.7 794 765 77.1 77.1 51.6 51.6 547 382 774 80.6
80M  T5-Small 9.1 00 279 221 158 0.0 220 21.0 21.2 152 265 17.6 257 0.0 387 65 212 0.0 290 0.0
Flan-T5-Small 182 9.1 349 198 21.1 53 23.0 19.0 333 12.1 265 11.8 429 20.0 323 226 324 14.1 129 16.1

250M T5-Base 273 9.1 244 267 158 0.0 310 10 364 333 206 88 17.1 17.1 355 16.1 235 12 290 32
Flan-T5-Base 273 545 36.0 29.1 342 42.1 240 21.0 394 333 353 353 457 28.6 194 355 27.6 235 226 258

780M T5-Large 273 0.0 267 29.1 158 0.0 240 14.0 333 0.0 235 235 17.1 11.4 323 129 235 0.0 290 0.0
Flan-T5-Large 455 727 477 512 50.0 395 24.0 27.0 455 424 529 529 457 40.0 355 194 324 30.0 419 29.0

3B T5-XL 182 0.0 279 244 158 79 240 270 333 9.1 17.6 294 200 86 226 65 235 12 323 0.0
Flan-T5-XL 727 727 605 61.6 42.1 342 330 18.0 60.6 54.5 559 529 457 514 258 419 37.1 27.6 484 452

11B  T5-XXL 182 364 349 43.0 184 79 31.0 0.0 303 242 235 441 17.1 457 16.1 22.6 235 00 29.0 0.0
Flan-T5-XXL 909 727 62.8 68.6 447 395 370 32.0 63.6 424 61.8 64.7 543 57.1 419 387 359 329 58.1 51.6

8B PaLM 545 273 302 326 342 395 220 23.0 21.2 152 265 265 28.6 28.6 323 258 259 229 97 194
Flan-PaLM 63.6 545 68.6 593 395 368 250 29.0 57.6 333 61.8 61.8 457 457 355 452 324 276 51.6 355

62B  PaLM 100.0 100.0 68.6 709 632 57.9 31.0 41.0 72.7 60.6 61.8 61.8 514 57.1 452 29.0 40.0 265 64.5 58.1
Flan-PaLM 90.9 909 814 76.7 658 60.5 220 38.0 72.7 60.6 67.6 67.6 51.4 57.1 355 323 453 324 613 710

540B PaLM 100.0 100.0 75.6 86.0 73.7 579 53.0 550 69.7 57.6 853 76.5 743 68.6 51.6 51.6 53.5 418 839 645
Flan-PaLM 90.9 100.0 83.7 849 763 71.1 540 71.0 879 758 794 794 829 77.1 645 613 60.6 547 90.3 774

250M Switchg,se 455 182 256 174 79 26 240 50 303 273 294 88 114 286 194 00 241 00 355 0.0
FLAN-Switchg,sz 364 455 419 47.7 368 342 32.0 33.0 485 273 382 294 40.0 314 194 323 265 17.1 29.0 38.7

780M  Switchy srce 00 91 279 244 263 21.1 220 200 21.2 21.2 294 118 48.6 229 323 323 27.6 4.1 161 194
FLAN-Switch; srge 545 545 535 593 474 289 240 23.0 60.6 303 412 353 429 60.0 38.7 258 36.5 253 51.6 38.7

11B  Switchyy, 364 273 221 267 184 0.0 210 240 152 152 353 382 20.0 257 323 29.0 253 229 194 258
FLAN-Switchyx, 909 100.0 70.9 674 632 50.0 27.0 25.0 66.7 60.6 61.8 588 57.1 543 419 419 488 382 419 355

80M  FLAN-GSgyare 36.4 273 326 256 42.1 500 29.0 25.0 455 545 20.6 235 343 28.6 29.0 355 31.2 224 226 129
250M FLAN-GSgasi 545 63.6 465 46.5 447 395 27.0 25.0 455 303 382 47.1 343 257 16.1 194 247 247 452 258
780M FLAN-GS| srce 81.8 727 663 61.6 31.6 42.1 350 28.0 485 51.5 559 529 514 343 194 29.0 347 20.0 548 29.0
80M  FLAN-ECgyare 9.1 455 384 395 395 447 300 17.0 485 545 147 294 314 17.1 16.1 323 27.1 241 387 22.6
250M FLAN-ECp,se 455 545 523 535 36.8 289 24.0 17.0 485 364 412 412 486 343 29.0 226 312 20.0 419 258
780M FLAN-ECjrce 63.6 727 674 65.1 36.8 39.5 250 23.0 57.6 424 47.1 47.1 514 457 29.0 355 329 259 419 38.7
3B FLAN-ECy, 904 564 68.1 60.7 52.1 31.4 245 257 662 323 554 355 59.5 614 350 27.8 43.6 262 414 40.6
250M STgase 273 0.0 267 209 158 0.0 230 00 242 121 294 59 171 57 355 65 235 1.2 194 290
FLAN-STpase 479 545 419 500 313 36.8 224 250 448 364 40.6 50.0 453 28.6 21.8 16.1 312 253 47.6 323

32B  STizs 182 00 279 360 368 2.6 290 00 242 364 147 11.8 143 257 258 9.7 247 7.1 226 32
FLAN-ST3, 90.9 90.9 849 826 658 52.6 31.0 32.0 81.8 758 70.6 58.8 71.4 60.0 54.8 452 535 482 742 67.7
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Table 8: MMLU[50:57] individual task performance.

MMLU
Professional Public Security . US Foreign . L. .
Psychology ~ Relations Studies Sociology Policy Virology =~ World Religions  Average
Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT  Direct CoT
- davinci 37.7 435 50.0 50.0 444 40.7 63.6 59.1 455 63.6 333 278 632 684 39.7 405
- text-davinci-002 65.2 58.0 50.0 50.0 77.8 48.1 909 86.4 81.8 81.8 444 333 842 789 63.1 60.0
- text-davinci-003 68.1 63.8 50.0 50.0 704 63.0 864 955 81.8 90.9 50.0 50.0 842 842 64.8 64.6
- code-davinci-002  76.8 66.7 50.0 583 74.1 519 86.4 909 909 72.7 50.0 444 842 789 682 645
80M  T5-Small 203 43 333 167 185 0.0 227 0.0 273 9.1 278 56 21.1 158 267 5.6
Flan-T5-Small 246 72 250 167 148 0.0 364 9.1 364 9.1 389 167 31.6 263 28.7 12.1
250M T5-Base 21.7 13.0 41.7 167 37.0 7.4 182 45 182 182 333 11.1 21.1 21.1 257 145
Flan-T5-Base 39.1 40.6 41.7 333 29.6 29.6 545 59.1 364 455 444 333 316 158 356 333
780M T5-Large 18.8 232 250 16.7 148 0.0 182 227 182 182 333 278 31.6 263 251 150
Flan-T5-Large 56.5 56.5 58.3 50.0 222 29.6 682 59.1 545 273 61.1 389 474 52.6 447 388
3B T5-XL 24.6 20.3 333 41.7 296 74 409 273 273 273 167 278 474 31.6 257 145
Flan-T5-XL 56.5 522 58.3 50.0 444 48.1 773 59.1 545 727 389 500 737 632 50.3 46.1
11B  T5-XXL 174 304 83 167 259 0.0 273 273 182 364 167 167 158 684 259 18.7
Flan-T5-XXL 68.1 58.0 583 41.7 593 444 864 63.6 545 455 444 500 31.6 632 526 479
8B PaLM 174 319 333 250 222 259 31.8 409 364 182 167 27.8 2l1.1 10.5 243 24.1
Flan-PaLM 46.4 435 50.0 41.7 40.7 40.7 72.7 31.8 63.6 545 444 278 684 737 493 413
62B  PaLM 58.0 58.0 58.3 58.3 40.7 40.7 81.8 682 81.8 72.7 61.1 444 737 789 551 49.0
Flan-PaLM 71.0 63.8 50.0 50.0 704 55.6 81.8 77.3 909 100.0 55.6 444 895 737 59.6 56.9
540B PalLM 73.9 609 66.7 58.3 74.1 40.7 95.5 81.8 100.0 100.0 61.1 444 895 89.5 71.3 629
Flan-PaLM 76.8 79.7 58.3 66.7 74.1 55.6 955 909 100.0 100.0 50.0 44.4 895 89.5 735 709
250M Switchgase 348 13.0 16.7 16.7 259 0.0 273 13.6 182 182 222 56 368 263 283 13.6
FLAN-Switchg,se  42.0 39.1 50.0 50.0 18.5 22.2 68.2 72.7 63.6 455 444 333 42.1 526 38.0 34.1
780M  Switchy srge 232 174 333 16.7 333 222 227 31.8 182 182 333 11.1 158 263 240 23.1
FLAN-Switchy zpge 58.0 46.4 417 25.0 519 48.1 72.7 545 63.6 545 444 444 579 737 46.0 40.3
11B  Switchyx 26.1 174 16.7 250 29.6 3.7 227 182 182 182 278 167 263 158 246 15.1
FLAN-Switchyx. 65.2 62.3 50.0 50.0 66.7 556 909 63.6 81.8 90.9 556 444 842 789 556 50.1
80M  FLAN-GSgyarL 319 26.1 58.3 333 37.0 444 545 545 364 455 444 389 316 31.6 325 268
250M FLAN-GSgse 50.7 42.0 41.7 333 29.6 40.7 63.6 409 364 364 556 500 42.1 36.8 399 33.6
780M FLAN-GS, s 62.3 53.6 50.0 50.0 259 333 727 50.0 455 455 389 278 526 684 47.8 408
80M  FLAN-ECgyarL 319 319 333 250 333 29.6 455 500 364 364 333 167 21.1 263 341 25.1
250M FLAN-ECg,se 52.2 39.1 333 25.0 40.7 259 545 364 545 364 500 444 632 36.8 427 33.0
780M FLAN-EC, s 522 522 50.0 58.3 40.7 259 773 682 63.6 545 556 556 737 684 483 434
3B FLAN-ECy,, 61.8 47.6 49.5 249 514 479 859 555 813 562 495 434 679 749 521 414
250M STgase 26.1 159 16.7 16.7 29.6 3.7 31.8 31.8 273 0.0 333 278 158 31.6 252 177
FLAN-STgase 444 348 60.7 41.7 32.0 40.7 433 273 479 364 413 389 445 421 424 355
32B  STszs 348 11.6 83 333 259 185 273 45 182 273 167 167 263 263 255 150
FLAN-ST3,8 72.5 63.8 50.0 58.3 704 55.6 909 86.4 100.0 100.0 44.4 444 842 842 654 63.0
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B.2 BBSH

BBH refers to a subset of difficult tasks from BIG-Bench, handpicked by Suzgun et al. (2022) in
2022, where the model proposed by Srivastava et al. (2022) in the same year outperformed the average
human rater. Suzgun et al. (2022) mentions 23 tasks, two of which consist of three subtasks each.
For ease of interpretation, we treat these subtasks as standalone tasks and calculate an unweighted
average. We utilize the prompts provided in Suzgun et al. (2022)’s study.

Table 9: BBH[:9] individual task performance.

BBH
EBOOI,E.?H ) Causal Dfl}e . Disambiguation ADyc'k i I?or'm.al‘ Geor'nelrjic Hyperbaton Logif:al De.ducl‘inn
xpressions  Judgement Understanding QA Languages Fallacies Shapes Five Objects
Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT
- davinci 540 69.2 57.8 48.1 37.6 524 400 408 28.0 0.0 472 528 104 10.8 49.6 47.6 244 344

- text-davinci-002 90.0 87.6 57.8 56.1 556 816 664 70.8 420 320 524 584 352 560 672 724 31.6 51.2
- text-davinci-003 90.0 90.8 63.6 63.6 588 820 684 668 148 400 580 552 36.8 604 60.8 53.2 44.0 58.0
- code-davinci-002  88.4 928 63.6 540 63.6 872 672 760 468 56.8 524 504 320 544 604 664 324 54.8

80M  T5-Small 400 00 513 27 200 108 348 140 24 00 528 00 84 00 520 00 172 7.6
Flan-T5-Small 540 39.6 48.1 428 224 204 312 20 00 00 532 468 88 40 652 132 220 192
250M T5-Base 460 456 519 380 200 196 336 308 1.6 00 468 312 220 00 512 00 192 96
Flan-T5-Base 484 464 524 47.1 180 204 548 448 7.6 00 532 492 04 128 67.6 588 272 220
780M T5-Large 460 492 519 262 208 200 348 108 04 00 468 60 296 00 500 00 196 148
Flan-T5-Large 64.0 580 56.1 209 244 268 676 612 08 00 228 396 08 80 724 560 47.6 224
3B T5-XL 552 472 524 267 216 224 324 48 60 00 472 72 84 00 520 00 220 228
Flan-T5-XL 524 560 620 56.1 468 488 700 704 00 00 564 480 152 44 556 568 540 324
11B T5-XXL 496 652 524 16 352 540 352 00 20 00 524 00 156 00 556 00 180 372
Flan-T5-XXL 568 60.8 604 535 69.6 53.6 712 712 08 04 556 464 140 248 716 532 556 464
8B Flan-PaLM 488 528 604 540 108 288 580 556 208 00 520 508 156 40 656 368 252 224
62B  PaLM 69.2 70.8 59.4 545 392 588 528 540 192 32 532 540 344 9.6 484 728 248 260
Flan-PaLM 66.8 73.6 642 62.6 42.8 544 692 392 132 00 556 492 18.0 132 744 592 540 428
540B PaLM 832 80.0 61.0 594 536 792 608 67.6 284 280 536 512 37.6 00 708 904 396 492
Flan-PaLM 86.0 832 652 63.1 580 740 768 69.6 292 23.6 624 528 400 43.6 67.6 888 544 524
250M  Switchgass 00 00 27 107 00 00 00 00 00 00 00 16 00 00 00 04 00 08
FLAN-Switchysz 512 428 551 556 188 184 636 536 00 00 568 548 9.6 88 648 620 348 220
780M  Switch, rae 00 260 53 53 00 108 00 00 00 00 00 152 00 84 00 484 00 00

FLAN-Switch; gz 54.0 22.0 56.7 56.8 252 240 672 5§.2 08 00 548 436 1 1'.6 3.6 56.8 30.0 47.2 28'.0
11B  Switchyy, 00 32 00 374 00 24 00 8.8 00 00 00 216 00 04 00 304 00 0.4
FLAN-Switchyy, ~ 56.2 573 655 614 609 553 704 664 0.8 04 573 477 128 88 58.1 58.0 612 54.9

80M  FLAN-GSgyar 60.0 460 519 50.8 21.2 216 304 284 1.2 00 548 352 9.6 124 560 00 21.6 16.4
250M FLAN-GSgase 48.0 340 535 519 276 112 652 260 00 00 532 51.6 9.6 184 596 12 356 20.4
780M FLAN-GS, srce 468 412 535 50.8 56 372 688 660 20 00 512 124 192 128 540 50.8 47.6 28.4

80M  FLAN-ECgyarr 59.6 392 49.7 535 21.6 172 340 364 12 00 544 456 9.6 04 580 04 204 232

250M FLAN-ECpg,se 57.6 43.6 503 508 344 248 676 344 08 00 536 172 96 7.6 720 440 33.6 24.0
780M FLAN-EC, xre 58.8 48.0 588 508 356 432 692 700 00 0.0 532 308 48 56 684 528 41.6 21.6
3B FLAN-ECx, 543 49.7 599 562 484 374 69.0 329 -13 04 53.0 500 99 4.0 612 40.1 504 389
250M STgase 00 92 00 358 00 144 00 0.8 00 00 00 528 00 00 00 04 00 18.8

FLAN-STgase 48.0 493 59.6 54.1 11.6 36.1 66.1 642 1.0 00 50.0 442 195 12.1 514 499 49.6 21.4
32B  STiz 00 00 00 00 0.0 328 00 0.4 00 00 00 00 00 12 00 04 00 6.4

FLAN-ST3p 63.6 67.6 679 658 664 620 708 748 152 00 588 420 228 52 60.0 544 64.0 49.6
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Table 10: BBH[9:18] individual task performance.

BBH
Logical Deduction Logical Deduction Movie Multistep Navieat Object Penguins  Reasoning about Ruin
Seven Objects Three Objects ~ Recommendation  Arithmetic avigate Counting inaTable Colored Objects Names
Model Direct CoT Direct CoT Direct  CoT  Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT  Direct CoT
- davinci 20.0 272 38.0 52.0 58.8 71.2 08 1.6 580 660 332 496 28.1 356 132 412 184 332
- text-davinci-002 26.8 38.0 45.2 87.6 72.0 788 1.2 532 680 888 44.0 772 473 815 476 784 65.6 62.8
- text-davinci-003 40.0 524 62.0 88.0 79.2 83.6 12 496 532 944 332 82.0 521 836 672 868 820 588
- code-davinci-002  26.0 38.8 52.8 87.6 84.8 90.4 1.2 476 504 964 452 932 664 795 676 91.6 752 684
80M  T5-Small 132 52 31.6 14.0 26.0 14.8 00 0.0 552 40.0 100 0.0 219 192 160 112 224 16
Flan-T5-Small 16.8 11.2 30.8 30.0 432 204 00 1.6 580 580 56 32 219 103 172 108 132 08
250M T5-Base 14.8 2.4 29.6 224 27.6 0.4 04 0.0 480 420 88 0.0 219 192 156 124 28.0 24
Flan-T5-Base 24.4 19.2 42.8 40.8 39.6 324 04 00 628 324 228 112 178 9.6 224 236 136 104
780M T5-Large 13.2 8.0 324 26.0 24.8 232 04 00 420 420 96 64 219 233 104 148 276 04
Flan-T5-Large 46.8 224 532 36.8 416 280 04 04 448 340 328 168 22.6 226 43.6 384 288 256
3B T5-XL 13.6 15.2 352 35.6 252 236 08 0.8 420 380 6.4 252 212 253 128 148 260 08
Flan-T5-XL 53.6 252 66.0 50.8 464 364 04 04 484 464 424 30.8 37.7 356 50.8 460 420 284
11B  T5-XXL 18.0 18.0 36.8 42.8 46.0 452 00 0.0 41.6 372 31.6 332 212 247 164 228 208 00
Flan-T5-XXL 54.8 48.8 76.0 58.8 532 532 04 04 604 540 508 340 39.0 39.0 588 468 524 532
8B PaLM 132 14.8 35.6 36.4 284 264 08 1.2 580 58.0 36.8 188 253 199 18.0 188 21.2 244
Flan-PaLM 25.6 12.8 47.6 40.8 72.8 43.6 08 0.8 584 556 30.0 248 267 30.1 284 340 36.8 320
62B  PaLM 19.6 20.0 36.8 524 60.8 70.8 08 1.6 564 552 41.6 504 240 370 172 480 504 54.0
Flan-PaLM 48.8 34.0 74.0 56.0 820 728 12 1.6 604 492 504 512 37.0 493 504 460 63.6 548
540B PaLM 24.8 43.6 63.6 78.0 872 920 1.6 19.6 624 79.6 51.2 832 445 65.1 38.0 744 76.0 61.6
Flan-PaLM 50.8 48.4 85.6 87.2 85.6 82.4 08 29.6 684 78.0 54.0 88 555 726 664 824 812 68.0
250M Switchg,sr: 0.0 0.4 0.0 12 0.0 3.6 04 00 00 00 00 00 00 00 00 6.4 00 0.0
FLAN-Switchgas:  38.4 232 47.2 41.6 41.6 332 0.0 0.0 592 540 30.8 184 349 199 368 248 124 104
780M  Switchy zrgr: 0.0 0.0 0.0 0.0 0.0 0.0 00 04 00 00 04 00 00 178 0.0 4.0 00 04
FLAN-Switch; sge  44.8 22.8 57.2 42.0 61.2 472 04 0.8 456 432 41.6 332 384 295 420 324 11.6 108
11B  Switchyy, 0.0 0.0 0.0 4.0 0.0 12 04 00 00 00 00 1.6 00 68 0.0 2.0 00 20
FLAN-Switchyyx, ~ 61.1 46.9 80.6 70.6 58.5 54.1 1.5 04 584 582 472 403 47.6 442 628 557 664 504
80M  FLAN-GSguarr 16.8 12.4 33.6 34.4 42.8 13.2 00 04 624 400 200 92 13.0 158 256 192 92 64
250M FLAN-GSgpasi 36.0 17.2 48.4 35.6 540 472 00 0.0 612 536 272 29.6 295 205 340 244 108 14.0
780M FLAN-GSsrce 46.8 26.0 60.8 344 452 39.6 1.6 04 576 448 36.0 21.6 31.5 253 256 324 29.6 324
80M  FLAN-ECsyarr 14.8 12.8 33.6 29.6 404 36.0 08 04 644 576 196 40 137 178 21.6 188 88 8.0
250M FLAN-ECgasi 352 24.0 50.8 34.8 24.8 34.0 04 04 620 504 328 248 31.5 260 332 260 18.0 152
780M FLAN-ECjpree 50.0 22.8 572 30.0 50.8 452 0.0 0.8 588 59.6 384 312 33.6 274 344 396 20.0 264
3B FLAN-ECy, 53.4 48.6 60.8 56.5 486 384 667 351 00 04 536 492 110 45 614 403 530 379
250M STpase 0.0 13.2 0.0 28.8 0.0 4.0 00 1.6 00 420 00 64 00 158 0.0 6.4 0.0 0.8
FLAN-STyuse 435 227 53.7 42.6 429 339 04 04 481 472 331 31.6 350 27.7 40.0 407 189 21.0
32B STz 0.0 1.6 0.0 20.8 0.0 0.4 04 04 00 00 04 32 00 00 00 10.4 0.0 0.0
FLAN-ST358 62.4 44.8 90.8 79.6 69.6  66.0 08 04 632 48.0 524 496 61.6 555 78.0 720 72.8 644
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Table 11: BBH[18:27] individual task performance.

BBH
Salient Translation Snarks Sports Temporal — Tracking Shuffled Tracking Shuffled Tracking Shuffled Web of Word Average
Error Detection > Understanding ~ Sequences Objects (5) Objects (7) Objects (3) Lies Sorting 8
Model Direct CoT Direct CoT Direct CoT Direct CoT Direct ~ CoT  Direct ~ CoT  Direct ~CoT  Direct CoT Direct CoT Direct CoT
- davinci 224 52 522 478 544 940 228 224 320 18.0 13.6 148 336 320 488 592 112 6.0 33.6 383
- text-davinci-002 61.6 62.4 652 60.7 71.6 92.0 33.6 672 232 608 172 596 348 628 516 920 36.8 444 486 67.2
- text-davinci-003 68.0 60.8 674 742 724 960 37.6 58.0 180  80.8 160 812 304 684 532 100.0 456 41.6 509 70.7
- code-davinci-002  62.0 60.8 61.2 596 728 97.6 77.6 96.8 204  89.6 144 856 376 784 516 952 504 404 528 737
80M  T5-Small 12.0 0.0 46.1 152 464 356 284 1.6 208 0.0 152 0.0 328 0.0 512 00 04 00 270 72
Flan-T5-Small 224 152 46.6 9.6 548 540 284 172 224 152 14.0 8.8 308 256 536 368 2.0 12 29.1 192
250M T5-Base 220 0.8 46.1 5.1 464 384 284 284 204 5.6 152 5.6 316 9.6 516 224 08 32 278 146
Flan-T5-Base 11.6 18.0 42.7 46.1 528 464 184 204 16.8 19.2 10.4 112 332 320 524 472 40 20 303 268
780M T5-Large 224 0.0 46.1 14.6 468 484 280 284 22.0 16.4 152 9.2 320 228 492 228 32 0.0 277 161
Flan-T5-Large 41.6 25.6 579 528 520 452 84 232 124 11.2 8.4 104 336 316 512 484 08 24 347 285
3B T5-XL 22.8 6.8 472 303 50.8 448 284 228 152 14.8 12.4 120 324 312 488 432 24 24 274 192
Flan-T5-XL 34.4 30.4 725 758 512 556 228 31.2 124 15.6 8.4 100 292 296 496 468 48 0.0 402 359
11B T5-XXL 152 0.0 539 253 472 600 192 172 184 1.6 10.0 0.0 332 300 488 44 32 20 295 193
Flan-T5-XXL 46.4 50.0 747 764 644 66.0 256 212 18.0 12.0 9.6 168 288 248 540 532 72 44 456 416
8B PaLM 21.6 12.0 539 51.1 540 768 256 28.8 204 19.6 12.8 108 320 316 512 488 44 44 308 301
Flan-PaLM 232 0.8 69.1 596 644 696 156 240 172 112 16.8 136 332 320 520 492 6.0 12 364 311
62B  PaLM 28.0 21.6 528 483 784 956 21.2 264 19.6 18.8 13.6 136 304 364 488 808 7.6 84 374 423
Flan-PaLM 45.2 40.4 83.1 78.1 792 812 30.8 360 212 18.0 152 180 220 296 484 920 112 100 47.5 449
540B PaLM 48.8 54.0 78.1 618 804 98.0 39.6 78.8 168  57.6 136 424 284 588 512 100.0 32.0 21.6 49.1 62.0
Flan-PaLM 532 51.6 854 764 832 872 816 916 244 508 21.6 380 324 716 624 1000 32.0 332 579 663
250M Switchgase 0.0 0.0 00 00 00 00 00 136 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 01 14
FLAN-Switchp,se  27.2 25.6 39.3 399 532 544 104 156 11.6 132 14.4 144 320 336 496 532 24 1.2 332 294
780M  Switch, s 0.0 0.4 00 455 00 00 00 64 00 0.0 0.0 0.0 0.0 0.0 00 40 00 00 02 72
FLAN-Switch; arge  27.6 8.8 528 528 572 544 184 148 124 12.8 8.4 108 336 304 512 480 40 04 364 280
11B  Switchyy, 0.0 6.8 00 00 00 120 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 396 00 00 00 67
FLAN-Switchyy, 517 41.1 81.1 743 68.8 743 400 364 195 180  21.0 140 208 257 503 497 83 47 479 434
80M  FLAN-GSgyart 20.8 0.0 46.6 37.1 540 528 224 224 23.6 18.0 124 8.8 344 320 51,6 320 24 00 296 209
250M FLAN-GSgse 232 0.0 478 354 564 528 228 192 124 15.6 8.4 108 324 348 500 528 3.6 04 337 251
780M FLAN-GS, arar: 16.8 14.8 61.8 539 592 552 124 208 124 5.6 8.4 5.6 34.0 192 524 560 32 16 350 292
80M  FLAN-ECgyarr 232 3.6 48.3 23.6 540 544 176 236 248 18.8 11.6 140 300 288 508 30.8 28 00 292 222
250M FLAN-ECgse 224 132 41.6 444 572 540 160 112 144 14.8 8.0 100 340 340 532 524 28 1.2 340 266
780M FLAN-EC, arae: 420 15.6 556 567 59.2 584 19.6 20.8 124 12.8 8.4 9.2 336 320 544 492 3.6 28 379 320
3B FLAN-ECy, 38.6 212 640 537 632 592 166 224 132 17.0 8.6 8.6 268  28.1 50.8 488 6.8 23 403 332
250M STyase 0.0 10.8 00 444 00 472 00 20 00 0.0 0.0 0.0 0.0 0.0 0.0 212 00 0.0 00 140
FLAN-STg s 133 11.6 61.0 58.1 56.0 522 184 202 122 123 79 122 339 345 525 486 33 22 347 266
32B  STsp 0.0 10.4 00 00 00 00 00 04 00 18.0 0.0 9.2 0.0 328 00 00 00 00 00 55
FLAN-ST3:8 57.6 52.8 8382 86.0 732 75.6 75.6 448 272 184  28.0 196 21.6 280 404 488 15.6 48 544 474

B.3 REASONING

The four reasoning tasks are held-in, which means we perform instruction finetuning on the training
set while evaluating on the “validation” set in a few-shot way. The detailed performance is presented
here.
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Table 12: Reasoning|[:4] individual task performance.

Reasoning

GSM8K  ASDIV  StrategyQA SVAMP  Average

Model CoT CoT CoT CoT CoT
SOM T5-Small 1.1 1.7 37.1 1.3 10.3
Flan-T5-Small 2.1 2.8 53.2 2.1 15.0
250M T5-Base 2.0 1.8 52.8 2.0 14.7
Flan-T5-Base 3.9 4.9 53.3 3.5 16.4
780M  T5-Large 1.6 2.0 42.8 1.0 11.9
Flan-T5-Large 8.6 14.5 54.2 11.6 22.2
3B T5-XL 2.7 5.2 459 2.9 14.2
Flan-T5-XL 16.9 28.2 64.6 25.9 33.9
11B T5-XXL 2.5 15.0 55.0 12.9 21.4
Flan-T5-XXL 26.7 47.4 69.9 41.4 46.3
8B Flan-PalL.M 21.4 37.5 65.5 23.1 36.9
62B Flan-PaLM 47.5 64.5 76.4 50.2 47.7
540B  Flan-PaL.M 73.0 77.7 83.0 72.2 76.5
250M  Switchgagg 0.6 1.0 17.5 1.5 5.2
FLAN-Switchgasg 6.4 8.4 53.3 6.3 18.6
780M  Switch; arce 1.9 2.4 43.2 2.0 12.4
FLAN-Switch; arge 12.7 19.0 56.3 13.0 25.3
11B Switchyx, 0.2 0.4 36.2 0.1 9.2
FLAN-Switchyyx;. 27.0 47.8 70.1 41.7 46.6
80M FLAN-GSgyaLL 3.7 5.0 53.3 3.3 16.1
250M  FLAN-GSg.s 11.1 13.9 53.7 9.9 22.2
780M  FLAN-GS, rce 16.7 222 54.6 17.0 27.6
SOM FLAN-ECgmarL 5.2 5.6 53.3 5.4 16.6
250M  FLAN-ECgagr 10.7 13.7 53.3 10.5 22.0
780M  FLAN-EC, arce 15.9 25.7 65.5 21.7 32.2
3B FLAN-ECy,. 21.3 33.6 67.2 30.3 38.1
250M  STyase 2.0 1.9 45.0 1.3 12.6
FLAN-STgask 11.2 11.1 59.8 8.0 22.5
STso8 2.7 18.4 1.7 16.2 9.8
FLAN-ST3, 51.1 65.3 80.8 68.1 66.3
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Table 13: QA[:5] individual task performance.

QA

UnifiedQA ARC ARC
Elementary Science  easy  challlenge

BoolQ Average

Model Direct Direct Direct Direct Direct
SOM Flan-T5-Small 27.6 40.4 31.9 63.7 40.9
250M Flan-T5-Base 34.1 46.1 38.7 76.2 48.8
780M  Flan-T5-Large 43.9 76.3 53.2 84.0 64.4
3B Flan-T5-XL 53.7 88.4 66.2 88.0 74.1
11B Flan-T5-XXL 63.4 94.2 74.6 89.3 80.4
8B Flan-PalLM 72.4 83.4 61.7 83.0 75.1
62B Flan-PalL.M 85.4 92.0 77.3 86.3 85.3
540B  Flan-PaL.M 92.7 95.2 88.7 83.0 89.9
250M  FLAN-Switchgagg 48.1 61.4 43.2 79.3 58.0
780M  FLAN-Switch; arce 50.3 70.3 61.7 83.8 66.5
11B FLAN-Switchyy,. 60.2 73.7 91.7 89.7 78.8
8OM FLAN-GSgpare 39.0 48.5 36.0 72.0 48.9
250M  FLAN-GSgasg 439 59.3 45.9 82.5 57.9
780M  FLAN-GS, Arce 53.7 69.4 66.7 88.2 69.5
80M FLAN-ECgyarL 37.4 61.4 50.0 83.4 58.1
250M  FLAN-ECgasg 51.2 61.4 50.0 83.4 61.5
780M  FLAN-EC, Arce 59.3 71.8 71.3 90.1 73.1
3B FLAN-ECy, 60.1 71.8 75.3 90.1 74.3
250M  FLAN-STjyase 47.2 58.3 57.7 82.6 61.5
32B STso8 31.7 25.8 30.1 40.6 32.1

FLAN-ST5,p 69.9 99.2 90.8 92.1 88.0

B.4 QA

We perform evaluation on four held-out QA tasks and the results are summarized in this section.
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