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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
MoE 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 (1e�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 xl 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 T5 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 lm adaptation, but the gaps persists from Dense couterparts. Also, the large token
dropping rate presented using common capacity factor during 0shot evaluation is improved after lm

Figure 7: Learning efficiency comparison. Average zero-shot, and few-shot performance of FLAN-
SWITCH models versus FLAN-T5 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.

(a) Token Dropping Ratio (b) 0shot after LM Adaptation (c) 0shot after Pretrain

Figure 9: Effect of Language Model Adaptation and Instruction Tuning on token dropping ratio and
0shot 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 0shot 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: MMLU[:10] individual task performance.

MMLU

Abstract
Algebra Anatomy Astronomy Business

Ethics
Clinical

Knowledge
College
Biology

College
Chemistry

College
Comp. Sci.

College
Math

College
Medicine

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 27.3 27.3 50.0 42.9 25.0 31.2 45.5 36.4 31.0 34.5 43.8 25.0 12.5 25.0 18.2 36.4 27.3 9.1 36.4 31.8
- text-davinci-002 9.1 27.3 57.1 28.6 62.5 56.2 63.6 72.7 51.7 55.2 68.8 43.8 12.5 37.5 63.6 36.4 54.5 36.4 63.6 54.5
- text-davinci-003 18.2 36.4 50.0 57.1 62.5 62.5 63.6 63.6 62.1 65.5 62.5 81.2 25.0 25.0 54.5 45.5 81.8 72.7 72.7 68.2
- code-davinci-002 18.2 27.3 71.4 35.7 68.8 56.2 54.5 63.6 69.0 65.5 62.5 50.0 25.0 37.5 45.5 27.3 72.7 45.5 77.3 86.4
80M T5-Small 18.2 0.0 42.9 0.0 31.2 0.0 27.3 0.0 27.6 3.4 18.8 0.0 37.5 0.0 72.7 0.0 27.3 0.0 18.2 0.0

Flan-T5-Small 27.3 9.1 42.9 7.1 18.8 6.2 18.2 27.3 34.5 20.7 31.2 18.8 12.5 0.0 18.2 0.0 36.4 9.1 50.0 18.2

250M T5-Base 18.2 18.2 28.6 0.0 37.5 12.5 45.5 0.0 34.5 6.9 18.8 6.2 62.5 25.0 45.5 9.1 18.2 18.2 18.2 18.2
Flan-T5-Base 18.2 18.2 42.9 35.7 37.5 37.5 36.4 36.4 34.5 27.6 37.5 18.8 12.5 25.0 27.3 36.4 18.2 0.0 40.9 22.7

780M T5-Large 18.2 0.0 21.4 0.0 25.0 18.8 45.5 9.1 6.9 10.3 18.8 0.0 37.5 37.5 45.5 18.2 18.2 9.1 18.2 9.1
Flan-T5-Large 18.2 27.3 35.7 28.6 37.5 31.2 36.4 45.5 44.8 37.9 43.8 43.8 25.0 12.5 27.3 36.4 45.5 27.3 45.5 45.5

3B T5-XL 18.2 0.0 14.3 0.0 31.2 0.0 9.1 0.0 10.3 17.2 31.2 12.5 25.0 12.5 45.5 0.0 9.1 9.1 18.2 0.0
Flan-T5-XL 27.3 36.4 35.7 35.7 50.0 62.5 45.5 45.5 55.2 55.2 56.2 50.0 25.0 37.5 45.5 27.3 18.2 27.3 50.0 50.0

11B T5-XXL 27.3 0.0 21.4 0.0 31.2 0.0 9.1 0.0 10.3 31.0 43.8 0.0 50.0 12.5 36.4 0.0 9.1 0.0 54.5 0.0
Flan-T5-XXL 36.4 45.5 28.6 28.6 62.5 50.0 63.6 54.5 58.6 44.8 68.8 56.2 25.0 50.0 36.4 18.2 27.3 36.4 68.2 45.5

8B PaLM 36.4 9.1 28.6 7.1 18.8 37.5 18.2 36.4 24.1 24.1 25.0 43.8 12.5 12.5 9.1 9.1 27.3 0.0 13.6 9.1
Flan-PaLM 36.4 18.2 42.9 35.7 43.8 50.0 36.4 45.5 48.3 41.4 56.2 50.0 25.0 25.0 54.5 63.6 18.2 27.3 50.0 18.2

62B PaLM 27.3 9.1 50.0 21.4 50.0 43.8 63.6 81.8 51.7 62.1 68.8 31.2 37.5 25.0 54.5 18.2 36.4 9.1 59.1 45.5
Flan-PaLM 18.2 18.2 57.1 42.9 68.8 68.8 63.6 54.5 51.7 55.2 68.8 75.0 12.5 37.5 54.5 27.3 36.4 45.5 81.8 63.6

540B PaLM 27.3 18.2 78.6 42.9 68.8 81.2 63.6 72.7 72.4 75.9 87.5 62.5 50.0 25.0 54.5 36.4 36.4 27.3 77.3 77.3
Flan-PaLM 0.0 9.1 50.0 71.4 81.2 75.0 63.6 54.5 79.3 62.1 87.5 62.5 62.5 62.5 81.8 63.6 36.4 63.6 86.4 86.4

250M SwitchBASE 9.1 18.2 14.3 21.4 43.8 31.2 36.4 0.0 10.3 10.3 37.5 37.5 37.5 50.0 36.4 0.0 36.4 18.2 40.9 0.0
FLAN-SwitchBASE 18.2 27.3 28.6 50.0 43.8 37.5 36.4 36.4 31.0 24.1 31.2 6.2 37.5 12.5 36.4 36.4 27.3 18.2 36.4 22.7

780M SwitchLARGE 27.3 9.1 35.7 21.4 12.5 31.2 18.2 0.0 24.1 27.6 31.2 31.2 12.5 50.0 9.1 0.0 18.2 27.3 22.7 45.5
FLAN-SwitchLARGE 18.2 18.2 35.7 35.7 37.5 25.0 36.4 45.5 48.3 41.4 43.8 37.5 12.5 37.5 45.5 36.4 27.3 9.1 54.5 50.0

11B SwitchXXL 18.2 0.0 7.1 50.0 18.8 6.2 45.5 0.0 10.3 6.9 18.8 6.2 37.5 12.5 45.5 18.2 36.4 18.2 9.1 22.7
FLAN-SwitchXXL 45.5 9.1 42.9 42.9 56.2 56.2 54.5 45.5 55.2 44.8 68.8 56.2 0.0 12.5 45.5 27.3 36.4 27.3 54.5 36.4

80M FLAN-GSSMALL 18.2 18.2 35.7 35.7 12.5 18.8 27.3 9.1 31.0 34.5 25.0 12.5 25.0 12.5 36.4 9.1 9.1 18.2 50.0 27.3
250M FLAN-GSBASE 18.2 18.2 50.0 35.7 50.0 18.8 45.5 63.6 41.4 34.5 43.8 18.8 12.5 0.0 36.4 27.3 18.2 27.3 50.0 45.5
780M FLAN-GSLARGE 18.2 18.2 35.7 35.7 56.2 50.0 45.5 27.3 51.7 37.9 43.8 43.8 25.0 12.5 54.5 36.4 45.5 36.4 59.1 50.0

80M FLAN-ECSMALL 18.2 9.1 35.7 28.6 31.2 18.8 36.4 18.2 34.5 31.0 31.2 12.5 37.5 0.0 54.5 0.0 18.2 18.2 40.9 22.7
250M FLAN-ECBASE 27.3 18.2 50.0 42.9 43.8 37.5 27.3 45.5 48.3 24.1 37.5 43.8 0.0 12.5 45.5 36.4 27.3 18.2 36.4 31.8
780M FLAN-ECLARGE 9.1 36.4 35.7 28.6 50.0 43.8 63.6 63.6 51.7 55.2 43.8 50.0 0.0 12.5 45.5 36.4 27.3 36.4 72.7 45.5
3B FLAN-ECXL 17.7 18.3 35.2 36.1 37.0 27.8 45.0 44.0 58.1 43.6 49.5 37.7 -0.5 38.0 45.0 36.4 17.7 10.1 58.6 49.6

250M STBASE 18.2 18.2 7.1 21.4 31.2 12.5 45.5 45.5 10.3 6.9 12.5 37.5 25.0 37.5 45.5 45.5 36.4 18.2 18.2 9.1
FLAN-STBASE 11.5 9.1 45.3 28.6 21.1 31.2 47.9 36.4 47.2 31.0 27.4 37.5 52.4 25.0 56.9 18.2 20.6 18.2 56.9 22.7

32B ST32B 27.3 0.0 35.7 0.0 37.5 18.8 18.2 18.2 27.6 6.9 12.5 25.0 37.5 25.0 18.2 9.1 18.2 0.0 13.6 18.2
FLAN-ST32B 18.2 18.2 50.0 71.4 68.8 81.2 72.7 81.8 79.3 65.5 87.5 68.8 25.0 25.0 54.5 9.1 18.2 18.2 68.2 72.7
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Table 4: MMLU[10:20] individual task performance.

MMLU

College
Physics

Computer
Security

Conceptual
physics Econometrics Electrical

Engineering
Elementary

Mathematics
Formal
Logic

Global
Facts

High School
Biology

High School
Chemistry

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 45.5 36.4 72.7 54.5 38.5 46.2 25.0 33.3 25.0 50.0 24.4 29.3 14.3 14.3 20.0 20.0 28.1 34.4 31.8 13.6
- text-davinci-002 54.5 81.8 81.8 81.8 53.8 61.5 58.3 50.0 50.0 37.5 56.1 73.2 7.1 28.6 50.0 70.0 71.9 71.9 18.2 36.4
- text-davinci-003 36.4 45.5 81.8 63.6 42.3 57.7 58.3 58.3 50.0 56.2 48.8 75.6 42.9 42.9 40.0 50.0 71.9 75.0 36.4 36.4
- code-davinci-002 45.5 72.7 90.9 81.8 53.8 57.7 66.7 41.7 50.0 50.0 56.1 75.6 50.0 42.9 40.0 50.0 71.9 65.6 40.9 40.9

80M T5-Small 18.2 18.2 18.2 0.0 19.2 3.8 25.0 0.0 6.2 6.2 24.4 4.9 21.4 0.0 20.0 0.0 15.6 0.0 27.3 0.0
Flan-T5-Small 36.4 9.1 54.5 27.3 26.9 30.8 16.7 0.0 25.0 12.5 29.3 17.1 35.7 0.0 50.0 20.0 25.0 6.2 36.4 22.7

250M T5-Base 9.1 18.2 0.0 9.1 23.1 26.9 25.0 0.0 18.8 25.0 24.4 22.0 14.3 0.0 20.0 20.0 25.0 9.4 27.3 18.2
Flan-T5-Base 72.7 45.5 27.3 27.3 19.2 26.9 41.7 33.3 25.0 37.5 26.8 14.6 28.6 42.9 40.0 20.0 37.5 28.1 45.5 31.8

780M T5-Large 18.2 18.2 18.2 18.2 26.9 23.1 25.0 0.0 37.5 12.5 29.3 19.5 7.1 0.0 0.0 20.0 9.4 6.2 40.9 9.1
Flan-T5-Large 54.5 36.4 54.5 54.5 26.9 23.1 16.7 16.7 37.5 37.5 36.6 17.1 42.9 35.7 40.0 20.0 40.6 25.0 27.3 27.3

3B T5-XL 18.2 9.1 9.1 18.2 19.2 23.1 41.7 0.0 37.5 25.0 39.0 17.1 42.9 0.0 30.0 10.0 31.2 0.0 27.3 4.5
Flan-T5-XL 72.7 36.4 36.4 36.4 38.5 46.2 33.3 16.7 56.2 25.0 34.1 24.4 28.6 14.3 20.0 30.0 37.5 34.4 31.8 36.4

11B T5-XXL 18.2 18.2 27.3 45.5 23.1 34.6 16.7 0.0 31.2 25.0 26.8 19.5 42.9 0.0 20.0 10.0 15.6 0.0 31.8 0.0
Flan-T5-XXL 54.5 27.3 27.3 54.5 34.6 42.3 25.0 16.7 43.8 43.8 48.8 36.6 28.6 35.7 30.0 40.0 53.1 46.9 31.8 40.9

8B PaLM 18.2 36.4 36.4 27.3 26.9 30.8 16.7 33.3 12.5 18.8 24.4 24.4 14.3 0.0 30.0 20.0 15.6 21.9 18.2 22.7
Flan-PaLM 45.5 27.3 72.7 45.5 38.5 38.5 33.3 25.0 37.5 37.5 34.1 34.1 21.4 28.6 30.0 20.0 50.0 25.0 18.2 18.2

62B PaLM 54.5 45.5 63.6 54.5 42.3 42.3 16.7 33.3 62.5 56.2 24.4 51.2 21.4 21.4 30.0 40.0 59.4 31.2 36.4 31.8
Flan-PaLM 72.7 45.5 45.5 45.5 61.5 65.4 50.0 33.3 56.2 50.0 41.5 61.0 28.6 28.6 20.0 50.0 71.9 59.4 27.3 40.9

540B PaLM 63.6 36.4 81.8 81.8 61.5 65.4 66.7 41.7 87.5 62.5 61.0 73.2 28.6 35.7 40.0 50.0 68.8 59.4 54.5 40.9
Flan-PaLM 63.6 72.7 90.9 81.8 69.2 65.4 66.7 58.3 81.2 75.0 58.5 70.7 42.9 57.1 60.0 70.0 71.9 71.9 68.2 40.9

250M SwitchBASE 9.1 9.1 18.2 9.1 23.1 26.9 16.7 0.0 43.8 50.0 26.8 17.1 28.6 0.0 30.0 10.0 12.5 25.0 31.8 0.0
FLAN-SwitchBASE 36.4 36.4 27.3 18.2 42.3 42.3 16.7 25.0 31.2 31.2 9.8 31.7 35.7 7.1 30.0 20.0 25.0 18.8 22.7 18.2

780M SwitchLARGE 27.3 36.4 36.4 18.2 30.8 26.9 25.0 25.0 18.8 0.0 26.8 24.4 7.1 28.6 30.0 10.0 37.5 25.0 22.7 36.4
FLAN-SwitchLARGE 63.6 45.5 45.5 36.4 42.3 26.9 41.7 25.0 37.5 31.2 43.9 19.5 35.7 42.9 20.0 30.0 40.6 43.8 27.3 13.6

11B SwitchXXL 9.1 9.1 18.2 9.1 26.9 19.2 25.0 0.0 31.2 31.2 22.0 14.6 21.4 14.3 10.0 0.0 21.9 0.0 36.4 9.1
FLAN-SwitchXXL 36.4 45.5 36.4 36.4 57.7 50.0 25.0 33.3 37.5 43.8 39.0 39.0 21.4 35.7 60.0 20.0 71.9 46.9 22.7 36.4

80M FLAN-GSSMALL 45.5 45.5 9.1 9.1 23.1 11.5 25.0 33.3 25.0 25.0 41.5 31.7 28.6 21.4 40.0 40.0 28.1 21.9 18.2 18.2
250M FLAN-GSBASE 63.6 45.5 18.2 27.3 23.1 23.1 41.7 33.3 18.8 25.0 22.0 14.6 35.7 35.7 40.0 40.0 25.0 18.8 13.6 27.3
780M FLAN-GSLARGE 54.5 45.5 45.5 36.4 30.8 38.5 41.7 50.0 43.8 50.0 29.3 34.1 50.0 14.3 40.0 20.0 50.0 43.8 18.2 18.2

80M FLAN-ECSMALL 72.7 27.3 63.6 27.3 26.9 15.4 25.0 16.7 25.0 6.2 17.1 31.7 21.4 7.1 30.0 40.0 34.4 12.5 31.8 40.9
250M FLAN-ECBASE 63.6 27.3 27.3 27.3 38.5 38.5 33.3 25.0 37.5 18.8 24.4 26.8 35.7 28.6 40.0 20.0 21.9 25.0 13.6 18.2
780M FLAN-ECLARGE 36.4 45.5 36.4 36.4 46.2 34.6 33.3 33.3 37.5 31.2 36.6 36.6 35.7 14.3 30.0 40.0 53.1 50.0 27.3 22.7
3B FLAN-ECXL 54.0 47.3 35.9 37.4 41.8 26.3 41.2 24.3 37.0 30.9 50.7 20.7 13.8 43.1 49.5 31.0 52.6 45.0 17.7 14.4

250M STBASE 9.1 45.5 18.2 18.2 26.9 15.4 25.0 0.0 31.2 25.0 14.6 26.8 35.7 14.3 10.0 10.0 21.9 6.2 40.9 27.3
FLAN-STBASE 47.9 18.2 11.5 18.2 29.3 38.5 44.1 25.0 46.1 37.5 26.8 34.1 52.4 28.6 62.4 40.0 30.5 21.9 16.0 40.9

32B ST32B 54.5 0.0 27.3 27.3 23.1 42.3 41.7 0.0 31.2 12.5 24.4 12.2 21.4 0.0 50.0 20.0 15.6 12.5 13.6 22.7
FLAN-ST32B 36.4 36.4 36.4 45.5 65.4 57.7 58.3 58.3 62.5 68.8 51.2 65.9 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
Comp. Sci.

High School
European History

High School
Geography

High School
Gvmt & Politics

High School
Macroeconomics

High School
Math

High School
Microeconomics

High School
Physics

High School
Psychology

High School
Statistics

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 55.6 44.4 38.9 33.3 63.6 63.6 52.4 52.4 39.5 51.2 13.8 10.3 34.6 46.2 29.4 11.8 50.0 65.0 34.8 26.1
- text-davinci-002 100.0 66.7 83.3 83.3 81.8 77.3 76.2 76.2 62.8 74.4 34.5 24.1 76.9 73.1 47.1 23.5 88.3 90.0 52.2 43.5
- text-davinci-003 66.7 55.6 83.3 77.8 95.5 77.3 81.0 81.0 67.4 62.8 44.8 51.7 80.8 76.9 29.4 23.5 95.0 91.7 52.2 52.2
- code-davinci-002 88.9 55.6 83.3 77.8 90.9 86.4 85.7 85.7 67.4 67.4 48.3 51.7 88.5 80.8 23.5 29.4 95.0 90.0 65.2 65.2

80M T5-Small 22.2 0.0 33.3 0.0 36.4 0.0 28.6 33.3 25.6 4.7 13.8 13.8 34.6 3.8 35.3 0.0 25.0 0.0 34.8 17.4
Flan-T5-Small 0.0 0.0 22.2 0.0 27.3 18.2 38.1 4.8 32.6 7.0 13.8 10.3 26.9 7.7 47.1 11.8 28.3 3.3 34.8 0.0

250M T5-Base 33.3 0.0 27.8 0.0 4.5 13.6 38.1 52.4 27.9 23.3 17.2 13.8 23.1 23.1 17.6 23.5 20.0 11.7 34.8 34.8
Flan-T5-Base 44.4 22.2 50.0 55.6 50.0 50.0 66.7 47.6 23.3 32.6 13.8 17.2 42.3 38.5 11.8 17.6 30.0 38.3 30.4 17.4

780M T5-Large 22.2 22.2 33.3 0.0 18.2 27.3 38.1 42.9 30.2 25.6 27.6 31.0 26.9 26.9 17.6 17.6 33.3 5.0 34.8 39.1
Flan-T5-Large 55.6 55.6 50.0 44.4 63.6 45.5 61.9 57.1 37.2 34.9 24.1 13.8 57.7 46.2 23.5 17.6 63.3 58.3 34.8 26.1

3B T5-XL 22.2 0.0 33.3 5.6 27.3 31.8 23.8 52.4 30.2 32.6 20.7 3.4 26.9 15.4 17.6 17.6 15.0 15.0 34.8 13.0
Flan-T5-XL 66.7 33.3 77.8 77.8 63.6 63.6 71.4 47.6 34.9 46.5 24.1 13.8 46.2 53.8 17.6 29.4 78.3 63.3 43.5 26.1

11B T5-XXL 11.1 0.0 38.9 0.0 22.7 40.9 38.1 57.1 30.2 37.2 27.6 3.4 26.9 42.3 17.6 17.6 38.3 21.7 34.8 4.3
Flan-T5-XXL 44.4 55.6 72.2 72.2 72.7 68.2 81.0 66.7 44.2 39.5 34.5 27.6 50.0 26.9 17.6 17.6 86.7 78.3 34.8 34.8

8B PaLM 22.2 33.3 27.8 27.8 36.4 27.3 9.5 23.8 25.6 18.6 17.2 24.1 19.2 30.8 17.6 11.8 25.0 23.3 13.0 26.1
Flan-PaLM 44.4 44.4 72.2 55.6 68.2 45.5 57.1 57.1 44.2 44.2 17.2 20.7 57.7 46.2 17.6 35.3 68.3 45.0 39.1 26.1

62B PaLM 66.7 66.7 61.1 55.6 63.6 72.7 47.6 57.1 41.9 51.2 27.6 34.5 57.7 65.4 29.4 17.6 83.3 75.0 47.8 52.2
Flan-PaLM 55.6 55.6 88.9 72.2 81.8 77.3 76.2 71.4 58.1 60.5 17.2 34.5 69.2 69.2 23.5 29.4 88.3 85.0 52.2 30.4

540B PaLM 100.0 88.9 88.9 77.8 90.9 90.9 95.2 81.0 81.4 74.4 41.4 31.0 96.2 76.9 23.5 35.3 93.3 80.0 52.2 52.2
Flan-PaLM 100.0 77.8 83.3 72.2 95.5 90.9 95.2 85.7 79.1 72.1 31.0 44.8 100.0 88.5 5.9 29.4 93.3 93.3 69.6 47.8

250M SwitchBASE 0.0 0.0 33.3 0.0 18.2 18.2 38.1 28.6 37.2 11.6 37.9 3.4 26.9 23.1 17.6 17.6 25.0 8.3 34.8 34.8
FLAN-SwitchBASE 44.4 55.6 50.0 38.9 59.1 68.2 61.9 42.9 37.2 32.6 20.7 6.9 57.7 42.3 29.4 29.4 60.0 35.0 26.1 39.1

780M SwitchLARGE 22.2 33.3 27.8 16.7 27.3 18.2 9.5 33.3 25.6 30.2 10.3 24.1 34.6 38.5 41.2 17.6 21.7 15.0 13.0 26.1
FLAN-SwitchLARGE 33.3 55.6 61.1 27.8 72.7 54.5 66.7 61.9 46.5 46.5 27.6 13.8 65.4 46.2 5.9 23.5 68.3 55.0 52.2 39.1

11B SwitchXXL 44.4 0.0 27.8 27.8 18.2 27.3 52.4 4.8 20.9 16.3 41.4 0.0 23.1 0.0 17.6 5.9 15.0 13.3 43.5 26.1
FLAN-SwitchXXL 55.6 44.4 72.2 72.2 72.7 81.8 85.7 76.2 62.8 48.8 34.5 20.7 53.8 53.8 23.5 29.4 85.0 78.3 39.1 34.8

80M FLAN-GSSMALL 22.2 0.0 33.3 16.7 50.0 27.3 38.1 23.8 30.2 27.9 24.1 10.3 23.1 34.6 23.5 41.2 38.3 28.3 21.7 30.4
250M FLAN-GSBASE 44.4 11.1 50.0 38.9 50.0 54.5 52.4 38.1 34.9 23.3 20.7 17.2 46.2 15.4 58.8 17.6 46.7 35.0 39.1 34.8
780M FLAN-GSLARGE 44.4 22.2 61.1 27.8 72.7 59.1 81.0 76.2 41.9 32.6 27.6 31.0 61.5 50.0 29.4 41.2 80.0 66.7 30.4 34.8

80M FLAN-ECSMALL 44.4 11.1 33.3 22.2 45.5 36.4 42.9 38.1 30.2 18.6 27.6 13.8 19.2 15.4 23.5 23.5 46.7 30.0 39.1 21.7
250M FLAN-ECBASE 44.4 22.2 61.1 22.2 63.6 59.1 57.1 42.9 44.2 37.2 31.0 31.0 50.0 42.3 29.4 17.6 63.3 56.7 26.1 30.4
780M FLAN-ECLARGE 66.7 44.4 61.1 22.2 77.3 86.4 57.1 57.1 37.2 37.2 27.6 27.6 50.0 53.8 41.2 17.6 83.3 75.0 30.4 30.4
3B FLAN-ECXL 55.1 57.7 71.7 29.4 81.3 53.9 80.5 62.2 55.3 47.4 20.2 14.9 64.9 47.5 17.1 23.7 91.2 56.5 38.6 40.6

250M STBASE 33.3 0.0 33.3 11.1 18.2 0.0 47.6 28.6 18.6 30.2 44.8 24.1 19.2 0.0 29.4 17.6 15.0 23.3 26.1 34.8
FLAN-STBASE 58.0 33.3 63.5 55.6 61.5 36.4 54.8 57.1 32.6 27.9 30.0 31.0 60.1 46.2 31.8 35.3 64.1 51.7 24.1 39.1

32B ST32B 11.1 0.0 27.8 16.7 31.8 13.6 23.8 28.6 32.6 23.3 24.1 3.4 23.1 15.4 23.5 11.8 26.7 10.0 13.0 17.4
FLAN-ST32B 66.7 66.7 77.8 77.8 95.5 81.8 95.2 90.5 76.7 69.8 37.9 41.4 76.9 76.9 17.6 11.8 95.0 86.7 65.2 60.9
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Table 6: MMLU[30:40] individual task performance.

MMLU

High School
US History

High School
World History

Human
Aging

Human
Sexuality

International
Law Jurisprudence Logical

Fallacies
Machine
Learning Management Marketing

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 54.5 36.4 38.5 46.2 30.4 60.9 16.7 50.0 84.6 38.5 18.2 9.1 55.6 50.0 27.3 18.2 45.5 63.6 56.0 64.0
- text-davinci-002 86.4 72.7 69.2 73.1 78.3 87.0 66.7 58.3 92.3 84.6 63.6 45.5 77.8 66.7 45.5 36.4 72.7 72.7 80.0 80.0
- text-davinci-003 81.8 81.8 80.8 76.9 78.3 73.9 66.7 58.3 84.6 84.6 63.6 54.5 83.3 83.3 45.5 54.5 81.8 72.7 84.0 76.0
- code-davinci-002 100.0 77.3 76.9 84.6 78.3 78.3 75.0 58.3 100.0 92.3 63.6 72.7 83.3 72.2 54.5 63.6 90.9 81.8 80.0 80.0

80M T5-Small 40.9 0.0 30.8 0.0 34.8 13.0 41.7 25.0 30.8 0.0 27.3 27.3 33.3 0.0 27.3 0.0 18.2 9.1 24.0 4.0
Flan-T5-Small 50.0 31.8 15.4 7.7 4.3 13.0 33.3 16.7 23.1 7.7 27.3 9.1 22.2 16.7 18.2 0.0 18.2 9.1 44.0 20.0

250M T5-Base 18.2 0.0 30.8 0.0 30.4 30.4 33.3 25.0 7.7 7.7 27.3 18.2 33.3 27.8 36.4 27.3 18.2 0.0 20.0 24.0
Flan-T5-Base 59.1 50.0 50.0 50.0 30.4 30.4 50.0 33.3 38.5 46.2 18.2 18.2 44.4 66.7 18.2 36.4 36.4 18.2 64.0 60.0

780M T5-Large 13.6 0.0 30.8 0.0 47.8 39.1 41.7 41.7 7.7 0.0 18.2 0.0 33.3 22.2 36.4 9.1 18.2 27.3 20.0 16.0
Flan-T5-Large 54.5 54.5 57.7 42.3 52.2 56.5 41.7 41.7 53.8 30.8 45.5 36.4 77.8 55.6 18.2 18.2 63.6 63.6 84.0 68.0

3B T5-XL 18.2 0.0 30.8 7.7 21.7 30.4 41.7 33.3 7.7 30.8 27.3 9.1 27.8 27.8 27.3 0.0 18.2 27.3 28.0 20.0
Flan-T5-XL 72.7 72.7 57.7 69.2 56.5 47.8 75.0 50.0 84.6 61.5 54.5 45.5 72.2 66.7 45.5 18.2 54.5 72.7 84.0 84.0

11B T5-XXL 22.7 0.0 34.6 0.0 8.7 43.5 25.0 25.0 46.2 0.0 27.3 9.1 22.2 44.4 9.1 0.0 54.5 45.5 20.0 60.0
Flan-T5-XXL 63.6 63.6 73.1 73.1 73.9 60.9 75.0 50.0 76.9 53.8 54.5 36.4 66.7 77.8 27.3 27.3 72.7 45.5 72.0 76.0

8B PaLM 36.4 31.8 15.4 23.1 47.8 34.8 16.7 16.7 53.8 46.2 27.3 9.1 16.7 22.2 18.2 18.2 18.2 36.4 32.0 24.0
Flan-PaLM 72.7 54.5 61.5 61.5 52.2 56.5 66.7 50.0 76.9 38.5 72.7 36.4 61.1 72.2 45.5 45.5 81.8 36.4 72.0 68.0

62B PaLM 77.3 40.9 57.7 38.5 69.6 65.2 58.3 25.0 76.9 61.5 45.5 27.3 61.1 66.7 45.5 18.2 72.7 81.8 84.0 80.0
Flan-PaLM 81.8 54.5 80.8 76.9 60.9 69.6 83.3 50.0 84.6 69.2 63.6 63.6 61.1 66.7 27.3 36.4 81.8 81.8 72.0 72.0

540B PaLM 90.9 72.7 88.5 76.9 78.3 73.9 91.7 75.0 100.0 61.5 63.6 72.7 83.3 66.7 27.3 27.3 81.8 81.8 84.0 84.0
Flan-PaLM 90.9 95.5 88.5 80.8 82.6 69.6 91.7 75.0 100.0 84.6 81.8 81.8 72.2 66.7 45.5 54.5 81.8 90.9 84.0 84.0

250M SwitchBASE 27.3 0.0 11.5 0.0 34.8 4.3 58.3 0.0 46.2 7.7 45.5 36.4 27.8 0.0 27.3 9.1 54.5 27.3 32.0 8.0
FLAN-SwitchBASE 50.0 36.4 46.2 19.2 47.8 47.8 25.0 25.0 46.2 30.8 36.4 18.2 55.6 50.0 18.2 45.5 45.5 54.5 68.0 56.0

780M SwitchLARGE 31.8 31.8 11.5 23.1 21.7 30.4 0.0 33.3 38.5 30.8 27.3 18.2 22.2 27.8 27.3 18.2 18.2 27.3 32.0 16.0
FLAN-SwitchLARGE 59.1 36.4 42.3 50.0 47.8 60.9 41.7 33.3 61.5 53.8 45.5 45.5 66.7 50.0 9.1 18.2 72.7 72.7 80.0 76.0

11B SwitchXXL 13.6 31.8 30.8 26.9 26.1 8.7 16.7 8.3 7.7 0.0 27.3 0.0 27.8 22.2 27.3 18.2 18.2 27.3 20.0 0.0
FLAN-SwitchXXL 68.2 59.1 65.4 61.5 52.2 69.6 66.7 41.7 100.0 76.9 27.3 27.3 77.8 66.7 36.4 36.4 63.6 72.7 92.0 80.0

80M FLAN-GSSMALL 50.0 27.3 38.5 19.2 30.4 30.4 16.7 25.0 30.8 30.8 27.3 18.2 38.9 33.3 45.5 9.1 36.4 18.2 64.0 40.0
250M FLAN-GSBASE 54.5 36.4 57.7 34.6 34.8 34.8 66.7 66.7 46.2 46.2 36.4 18.2 61.1 61.1 9.1 27.3 36.4 45.5 64.0 52.0
780M FLAN-GSLARGE 59.1 36.4 65.4 34.6 56.5 39.1 58.3 41.7 76.9 61.5 18.2 9.1 55.6 55.6 9.1 27.3 54.5 63.6 76.0 68.0

80M FLAN-ECSMALL 27.3 31.8 50.0 30.8 21.7 26.1 50.0 25.0 30.8 30.8 36.4 9.1 44.4 27.8 27.3 0.0 54.5 27.3 32.0 64.0
250M FLAN-ECBASE 72.7 27.3 57.7 26.9 52.2 43.5 25.0 41.7 76.9 53.8 45.5 36.4 77.8 61.1 18.2 18.2 36.4 18.2 76.0 48.0
780M FLAN-ECLARGE 68.2 45.5 65.4 38.5 56.5 60.9 41.7 50.0 61.5 23.1 36.4 18.2 66.7 55.6 36.4 18.2 72.7 72.7 80.0 68.0
3B FLAN-ECXL 76.8 38.4 61.0 50.7 73.4 60.9 66.2 35.2 68.7 53.7 45.0 47.1 71.7 51.9 26.8 19.7 72.2 73.1 95.5 78.1

250M STBASE 13.6 31.8 30.8 19.2 26.1 13.0 41.7 41.7 7.7 0.0 27.3 0.0 27.8 22.2 27.3 18.2 18.2 45.5 24.0 0.0
FLAN-STBASE 75.1 54.5 63.9 46.2 37.2 34.8 44.1 50.0 63.9 46.2 29.7 36.4 46.8 61.1 29.7 9.1 38.8 36.4 66.4 60.0

32B ST32B 31.8 9.1 26.9 11.5 34.8 13.0 33.3 25.0 0.0 15.4 27.3 18.2 22.2 22.2 27.3 27.3 54.5 18.2 12.0 16.0
FLAN-ST32B 81.8 81.8 84.6 84.6 73.9 78.3 66.7 50.0 92.3 100.0 72.7 81.8 83.3 77.8 54.5 45.5 90.9 81.8 80.0 76.0
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Table 7: MMLU[40:50] individual task performance.

MMLU

Medical
Genetics Misc. Moral

Disputes
Moral

Scenarios Nutrition Philosophy Prehistory Professional
Accounting

Professional
Law

Professional
Medicine

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 72.7 90.9 50.0 65.1 57.9 39.5 24.0 34.0 54.5 45.5 44.1 61.8 45.7 42.9 29.0 35.5 31.2 26.5 32.3 38.7
- text-davinci-002 90.9 90.9 79.1 81.4 63.2 65.8 46.0 40.0 75.8 69.7 67.6 67.6 60.0 65.7 64.5 41.9 45.3 38.8 64.5 71.0
- text-davinci-003 100.0 100.0 82.6 87.2 71.1 52.6 43.0 65.0 78.8 69.7 76.5 76.5 65.7 74.3 54.8 38.7 48.8 47.1 74.2 67.7
- code-davinci-002 100.0 100.0 84.9 87.2 68.4 50.0 41.0 60.0 69.7 66.7 79.4 76.5 77.1 77.1 51.6 51.6 54.7 38.2 77.4 80.6

80M T5-Small 9.1 0.0 27.9 22.1 15.8 0.0 22.0 21.0 21.2 15.2 26.5 17.6 25.7 0.0 38.7 6.5 21.2 0.0 29.0 0.0
Flan-T5-Small 18.2 9.1 34.9 19.8 21.1 5.3 23.0 19.0 33.3 12.1 26.5 11.8 42.9 20.0 32.3 22.6 32.4 14.1 12.9 16.1

250M T5-Base 27.3 9.1 24.4 26.7 15.8 0.0 31.0 1.0 36.4 33.3 20.6 8.8 17.1 17.1 35.5 16.1 23.5 1.2 29.0 3.2
Flan-T5-Base 27.3 54.5 36.0 29.1 34.2 42.1 24.0 21.0 39.4 33.3 35.3 35.3 45.7 28.6 19.4 35.5 27.6 23.5 22.6 25.8

780M T5-Large 27.3 0.0 26.7 29.1 15.8 0.0 24.0 14.0 33.3 0.0 23.5 23.5 17.1 11.4 32.3 12.9 23.5 0.0 29.0 0.0
Flan-T5-Large 45.5 72.7 47.7 51.2 50.0 39.5 24.0 27.0 45.5 42.4 52.9 52.9 45.7 40.0 35.5 19.4 32.4 30.0 41.9 29.0

3B T5-XL 18.2 0.0 27.9 24.4 15.8 7.9 24.0 27.0 33.3 9.1 17.6 29.4 20.0 8.6 22.6 6.5 23.5 1.2 32.3 0.0
Flan-T5-XL 72.7 72.7 60.5 61.6 42.1 34.2 33.0 18.0 60.6 54.5 55.9 52.9 45.7 51.4 25.8 41.9 37.1 27.6 48.4 45.2

11B T5-XXL 18.2 36.4 34.9 43.0 18.4 7.9 31.0 0.0 30.3 24.2 23.5 44.1 17.1 45.7 16.1 22.6 23.5 0.0 29.0 0.0
Flan-T5-XXL 90.9 72.7 62.8 68.6 44.7 39.5 37.0 32.0 63.6 42.4 61.8 64.7 54.3 57.1 41.9 38.7 35.9 32.9 58.1 51.6

8B PaLM 54.5 27.3 30.2 32.6 34.2 39.5 22.0 23.0 21.2 15.2 26.5 26.5 28.6 28.6 32.3 25.8 25.9 22.9 9.7 19.4
Flan-PaLM 63.6 54.5 68.6 59.3 39.5 36.8 25.0 29.0 57.6 33.3 61.8 61.8 45.7 45.7 35.5 45.2 32.4 27.6 51.6 35.5

62B PaLM 100.0 100.0 68.6 70.9 63.2 57.9 31.0 41.0 72.7 60.6 61.8 61.8 51.4 57.1 45.2 29.0 40.0 26.5 64.5 58.1
Flan-PaLM 90.9 90.9 81.4 76.7 65.8 60.5 22.0 38.0 72.7 60.6 67.6 67.6 51.4 57.1 35.5 32.3 45.3 32.4 61.3 71.0

540B PaLM 100.0 100.0 75.6 86.0 73.7 57.9 53.0 55.0 69.7 57.6 85.3 76.5 74.3 68.6 51.6 51.6 53.5 41.8 83.9 64.5
Flan-PaLM 90.9 100.0 83.7 84.9 76.3 71.1 54.0 71.0 87.9 75.8 79.4 79.4 82.9 77.1 64.5 61.3 60.6 54.7 90.3 77.4

250M SwitchBASE 45.5 18.2 25.6 17.4 7.9 2.6 24.0 5.0 30.3 27.3 29.4 8.8 11.4 28.6 19.4 0.0 24.1 0.0 35.5 0.0
FLAN-SwitchBASE 36.4 45.5 41.9 47.7 36.8 34.2 32.0 33.0 48.5 27.3 38.2 29.4 40.0 31.4 19.4 32.3 26.5 17.1 29.0 38.7

780M SwitchLARGE 0.0 9.1 27.9 24.4 26.3 21.1 22.0 20.0 21.2 21.2 29.4 11.8 48.6 22.9 32.3 32.3 27.6 4.1 16.1 19.4
FLAN-SwitchLARGE 54.5 54.5 53.5 59.3 47.4 28.9 24.0 23.0 60.6 30.3 41.2 35.3 42.9 60.0 38.7 25.8 36.5 25.3 51.6 38.7

11B SwitchXXL 36.4 27.3 22.1 26.7 18.4 0.0 21.0 24.0 15.2 15.2 35.3 38.2 20.0 25.7 32.3 29.0 25.3 22.9 19.4 25.8
FLAN-SwitchXXL 90.9 100.0 70.9 67.4 63.2 50.0 27.0 25.0 66.7 60.6 61.8 58.8 57.1 54.3 41.9 41.9 48.8 38.2 41.9 35.5

80M FLAN-GSSMALL 36.4 27.3 32.6 25.6 42.1 50.0 29.0 25.0 45.5 54.5 20.6 23.5 34.3 28.6 29.0 35.5 31.2 22.4 22.6 12.9
250M FLAN-GSBASE 54.5 63.6 46.5 46.5 44.7 39.5 27.0 25.0 45.5 30.3 38.2 47.1 34.3 25.7 16.1 19.4 24.7 24.7 45.2 25.8
780M FLAN-GSLARGE 81.8 72.7 66.3 61.6 31.6 42.1 35.0 28.0 48.5 51.5 55.9 52.9 51.4 34.3 19.4 29.0 34.7 20.0 54.8 29.0

80M FLAN-ECSMALL 9.1 45.5 38.4 39.5 39.5 44.7 30.0 17.0 48.5 54.5 14.7 29.4 31.4 17.1 16.1 32.3 27.1 24.1 38.7 22.6
250M FLAN-ECBASE 45.5 54.5 52.3 53.5 36.8 28.9 24.0 17.0 48.5 36.4 41.2 41.2 48.6 34.3 29.0 22.6 31.2 20.0 41.9 25.8
780M FLAN-ECLARGE 63.6 72.7 67.4 65.1 36.8 39.5 25.0 23.0 57.6 42.4 47.1 47.1 51.4 45.7 29.0 35.5 32.9 25.9 41.9 38.7
3B FLAN-ECXL 90.4 56.4 68.1 60.7 52.1 31.4 24.5 25.7 66.2 32.3 55.4 35.5 59.5 61.4 35.0 27.8 43.6 26.2 41.4 40.6

250M STBASE 27.3 0.0 26.7 20.9 15.8 0.0 23.0 0.0 24.2 12.1 29.4 5.9 17.1 5.7 35.5 6.5 23.5 1.2 19.4 29.0
FLAN-STBASE 47.9 54.5 41.9 50.0 31.3 36.8 22.4 25.0 44.8 36.4 40.6 50.0 45.3 28.6 21.8 16.1 31.2 25.3 47.6 32.3

32B ST32B 18.2 0.0 27.9 36.0 36.8 2.6 29.0 0.0 24.2 36.4 14.7 11.8 14.3 25.7 25.8 9.7 24.7 7.1 22.6 3.2
FLAN-ST32B 90.9 90.9 84.9 82.6 65.8 52.6 31.0 32.0 81.8 75.8 70.6 58.8 71.4 60.0 54.8 45.2 53.5 48.2 74.2 67.7

21



Under review as a conference paper at ICLR 2024

Table 8: MMLU[50:57] individual task performance.

MMLU

Professional
Psychology

Public
Relations

Security
Studies Sociology US Foreign

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 43.5 50.0 50.0 44.4 40.7 63.6 59.1 45.5 63.6 33.3 27.8 63.2 68.4 39.7 40.5
- text-davinci-002 65.2 58.0 50.0 50.0 77.8 48.1 90.9 86.4 81.8 81.8 44.4 33.3 84.2 78.9 63.1 60.0
- text-davinci-003 68.1 63.8 50.0 50.0 70.4 63.0 86.4 95.5 81.8 90.9 50.0 50.0 84.2 84.2 64.8 64.6
- code-davinci-002 76.8 66.7 50.0 58.3 74.1 51.9 86.4 90.9 90.9 72.7 50.0 44.4 84.2 78.9 68.2 64.5

80M T5-Small 20.3 4.3 33.3 16.7 18.5 0.0 22.7 0.0 27.3 9.1 27.8 5.6 21.1 15.8 26.7 5.6
Flan-T5-Small 24.6 7.2 25.0 16.7 14.8 0.0 36.4 9.1 36.4 9.1 38.9 16.7 31.6 26.3 28.7 12.1

250M T5-Base 21.7 13.0 41.7 16.7 37.0 7.4 18.2 4.5 18.2 18.2 33.3 11.1 21.1 21.1 25.7 14.5
Flan-T5-Base 39.1 40.6 41.7 33.3 29.6 29.6 54.5 59.1 36.4 45.5 44.4 33.3 31.6 15.8 35.6 33.3

780M T5-Large 18.8 23.2 25.0 16.7 14.8 0.0 18.2 22.7 18.2 18.2 33.3 27.8 31.6 26.3 25.1 15.0
Flan-T5-Large 56.5 56.5 58.3 50.0 22.2 29.6 68.2 59.1 54.5 27.3 61.1 38.9 47.4 52.6 44.7 38.8

3B T5-XL 24.6 20.3 33.3 41.7 29.6 7.4 40.9 27.3 27.3 27.3 16.7 27.8 47.4 31.6 25.7 14.5
Flan-T5-XL 56.5 52.2 58.3 50.0 44.4 48.1 77.3 59.1 54.5 72.7 38.9 50.0 73.7 63.2 50.3 46.1

11B T5-XXL 17.4 30.4 8.3 16.7 25.9 0.0 27.3 27.3 18.2 36.4 16.7 16.7 15.8 68.4 25.9 18.7
Flan-T5-XXL 68.1 58.0 58.3 41.7 59.3 44.4 86.4 63.6 54.5 45.5 44.4 50.0 31.6 63.2 52.6 47.9

8B PaLM 17.4 31.9 33.3 25.0 22.2 25.9 31.8 40.9 36.4 18.2 16.7 27.8 21.1 10.5 24.3 24.1
Flan-PaLM 46.4 43.5 50.0 41.7 40.7 40.7 72.7 31.8 63.6 54.5 44.4 27.8 68.4 73.7 49.3 41.3

62B PaLM 58.0 58.0 58.3 58.3 40.7 40.7 81.8 68.2 81.8 72.7 61.1 44.4 73.7 78.9 55.1 49.0
Flan-PaLM 71.0 63.8 50.0 50.0 70.4 55.6 81.8 77.3 90.9 100.0 55.6 44.4 89.5 73.7 59.6 56.9

540B PaLM 73.9 60.9 66.7 58.3 74.1 40.7 95.5 81.8 100.0 100.0 61.1 44.4 89.5 89.5 71.3 62.9
Flan-PaLM 76.8 79.7 58.3 66.7 74.1 55.6 95.5 90.9 100.0 100.0 50.0 44.4 89.5 89.5 73.5 70.9

250M SwitchBASE 34.8 13.0 16.7 16.7 25.9 0.0 27.3 13.6 18.2 18.2 22.2 5.6 36.8 26.3 28.3 13.6
FLAN-SwitchBASE 42.0 39.1 50.0 50.0 18.5 22.2 68.2 72.7 63.6 45.5 44.4 33.3 42.1 52.6 38.0 34.1

780M SwitchLARGE 23.2 17.4 33.3 16.7 33.3 22.2 22.7 31.8 18.2 18.2 33.3 11.1 15.8 26.3 24.0 23.1
FLAN-SwitchLARGE 58.0 46.4 41.7 25.0 51.9 48.1 72.7 54.5 63.6 54.5 44.4 44.4 57.9 73.7 46.0 40.3

11B SwitchXXL 26.1 17.4 16.7 25.0 29.6 3.7 22.7 18.2 18.2 18.2 27.8 16.7 26.3 15.8 24.6 15.1
FLAN-SwitchXXL 65.2 62.3 50.0 50.0 66.7 55.6 90.9 63.6 81.8 90.9 55.6 44.4 84.2 78.9 55.6 50.1

80M FLAN-GSSMALL 31.9 26.1 58.3 33.3 37.0 44.4 54.5 54.5 36.4 45.5 44.4 38.9 31.6 31.6 32.5 26.8
250M FLAN-GSBASE 50.7 42.0 41.7 33.3 29.6 40.7 63.6 40.9 36.4 36.4 55.6 50.0 42.1 36.8 39.9 33.6
780M FLAN-GSLARGE 62.3 53.6 50.0 50.0 25.9 33.3 72.7 50.0 45.5 45.5 38.9 27.8 52.6 68.4 47.8 40.8

80M FLAN-ECSMALL 31.9 31.9 33.3 25.0 33.3 29.6 45.5 50.0 36.4 36.4 33.3 16.7 21.1 26.3 34.1 25.1
250M FLAN-ECBASE 52.2 39.1 33.3 25.0 40.7 25.9 54.5 36.4 54.5 36.4 50.0 44.4 63.2 36.8 42.7 33.0
780M FLAN-ECLARGE 52.2 52.2 50.0 58.3 40.7 25.9 77.3 68.2 63.6 54.5 55.6 55.6 73.7 68.4 48.3 43.4
3B FLAN-ECXL 61.8 47.6 49.5 24.9 51.4 47.9 85.9 55.5 81.3 56.2 49.5 43.4 67.9 74.9 52.1 41.4

250M STBASE 26.1 15.9 16.7 16.7 29.6 3.7 31.8 31.8 27.3 0.0 33.3 27.8 15.8 31.6 25.2 17.7
FLAN-STBASE 44.4 34.8 60.7 41.7 32.0 40.7 43.3 27.3 47.9 36.4 41.3 38.9 44.5 42.1 42.4 35.5

32B ST32B 34.8 11.6 8.3 33.3 25.9 18.5 27.3 4.5 18.2 27.3 16.7 16.7 26.3 26.3 25.5 15.0
FLAN-ST32B 72.5 63.8 50.0 58.3 70.4 55.6 90.9 86.4 100.0 100.0 44.4 44.4 84.2 84.2 65.4 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

Boolean
Expressions

Causal
Judgement

Date
Understanding

Disambiguation
QA

Dyck
Languages

Formal
Fallacies

Geometric
Shapes Hyperbaton Logical Deduction

Five Objects

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 54.0 69.2 57.8 48.1 37.6 52.4 40.0 40.8 28.0 0.0 47.2 52.8 10.4 10.8 49.6 47.6 24.4 34.4
- text-davinci-002 90.0 87.6 57.8 56.1 55.6 81.6 66.4 70.8 42.0 32.0 52.4 58.4 35.2 56.0 67.2 72.4 31.6 51.2
- text-davinci-003 90.0 90.8 63.6 63.6 58.8 82.0 68.4 66.8 14.8 40.0 58.0 55.2 36.8 60.4 60.8 53.2 44.0 58.0
- code-davinci-002 88.4 92.8 63.6 54.0 63.6 87.2 67.2 76.0 46.8 56.8 52.4 50.4 32.0 54.4 60.4 66.4 32.4 54.8

80M T5-Small 40.0 0.0 51.3 2.7 20.0 10.8 34.8 14.0 2.4 0.0 52.8 0.0 8.4 0.0 52.0 0.0 17.2 7.6
Flan-T5-Small 54.0 39.6 48.1 42.8 22.4 20.4 31.2 2.0 0.0 0.0 53.2 46.8 8.8 4.0 65.2 13.2 22.0 19.2

250M T5-Base 46.0 45.6 51.9 38.0 20.0 19.6 33.6 30.8 1.6 0.0 46.8 31.2 22.0 0.0 51.2 0.0 19.2 9.6
Flan-T5-Base 48.4 46.4 52.4 47.1 18.0 20.4 54.8 44.8 7.6 0.0 53.2 49.2 0.4 12.8 67.6 58.8 27.2 22.0

780M T5-Large 46.0 49.2 51.9 26.2 20.8 20.0 34.8 10.8 0.4 0.0 46.8 6.0 29.6 0.0 50.0 0.0 19.6 14.8
Flan-T5-Large 64.0 58.0 56.1 20.9 24.4 26.8 67.6 61.2 0.8 0.0 22.8 39.6 0.8 8.0 72.4 56.0 47.6 22.4

3B T5-XL 55.2 47.2 52.4 26.7 21.6 22.4 32.4 4.8 6.0 0.0 47.2 7.2 8.4 0.0 52.0 0.0 22.0 22.8
Flan-T5-XL 52.4 56.0 62.0 56.1 46.8 48.8 70.0 70.4 0.0 0.0 56.4 48.0 15.2 4.4 55.6 56.8 54.0 32.4

11B T5-XXL 49.6 65.2 52.4 1.6 35.2 54.0 35.2 0.0 2.0 0.0 52.4 0.0 15.6 0.0 55.6 0.0 18.0 37.2
Flan-T5-XXL 56.8 60.8 60.4 53.5 69.6 53.6 71.2 71.2 0.8 0.4 55.6 46.4 14.0 24.8 71.6 53.2 55.6 46.4

8B Flan-PaLM 48.8 52.8 60.4 54.0 10.8 28.8 58.0 55.6 20.8 0.0 52.0 50.8 15.6 4.0 65.6 36.8 25.2 22.4
62B PaLM 69.2 70.8 59.4 54.5 39.2 58.8 52.8 54.0 19.2 3.2 53.2 54.0 34.4 9.6 48.4 72.8 24.8 26.0

Flan-PaLM 66.8 73.6 64.2 62.6 42.8 54.4 69.2 39.2 13.2 0.0 55.6 49.2 18.0 13.2 74.4 59.2 54.0 42.8

540B PaLM 83.2 80.0 61.0 59.4 53.6 79.2 60.8 67.6 28.4 28.0 53.6 51.2 37.6 0.0 70.8 90.4 39.6 49.2
Flan-PaLM 86.0 83.2 65.2 63.1 58.0 74.0 76.8 69.6 29.2 23.6 62.4 52.8 40.0 43.6 67.6 88.8 54.4 52.4

250M SwitchBASE 0.0 0.0 2.7 10.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.4 0.0 0.8
FLAN-SwitchBASE 51.2 42.8 55.1 55.6 18.8 18.4 63.6 53.6 0.0 0.0 56.8 54.8 9.6 8.8 64.8 62.0 34.8 22.0

780M SwitchLARGE 0.0 26.0 5.3 5.3 0.0 10.8 0.0 0.0 0.0 0.0 0.0 15.2 0.0 8.4 0.0 48.4 0.0 0.0
FLAN-SwitchLARGE 54.0 22.0 56.7 50.8 25.2 24.0 67.2 59.2 0.8 0.0 54.8 43.6 11.6 3.6 56.8 30.0 47.2 28.0

11B SwitchXXL 0.0 3.2 0.0 37.4 0.0 2.4 0.0 8.8 0.0 0.0 0.0 21.6 0.0 0.4 0.0 30.4 0.0 0.4
FLAN-SwitchXXL 56.2 57.3 65.5 61.4 60.9 55.3 70.4 66.4 0.8 0.4 57.3 47.7 12.8 8.8 58.1 58.0 61.2 54.9

80M FLAN-GSSMALL 60.0 46.0 51.9 50.8 21.2 21.6 30.4 28.4 1.2 0.0 54.8 35.2 9.6 12.4 56.0 0.0 21.6 16.4
250M FLAN-GSBASE 48.0 34.0 53.5 51.9 27.6 11.2 65.2 26.0 0.0 0.0 53.2 51.6 9.6 18.4 59.6 1.2 35.6 20.4
780M FLAN-GSLARGE 46.8 41.2 53.5 50.8 5.6 37.2 68.8 66.0 2.0 0.0 51.2 12.4 19.2 12.8 54.0 50.8 47.6 28.4

80M FLAN-ECSMALL 59.6 39.2 49.7 53.5 21.6 17.2 34.0 36.4 1.2 0.0 54.4 45.6 9.6 0.4 58.0 0.4 20.4 23.2
250M FLAN-ECBASE 57.6 43.6 50.3 50.8 34.4 24.8 67.6 34.4 0.8 0.0 53.6 17.2 9.6 7.6 72.0 44.0 33.6 24.0
780M FLAN-ECLARGE 58.8 48.0 58.8 50.8 35.6 43.2 69.2 70.0 0.0 0.0 53.2 30.8 4.8 5.6 68.4 52.8 41.6 21.6
3B FLAN-ECXL 54.3 49.7 59.9 56.2 48.4 37.4 69.0 32.9 -1.3 0.4 53.0 50.0 9.9 4.0 61.2 40.1 50.4 38.9

250M STBASE 0.0 9.2 0.0 35.8 0.0 14.4 0.0 0.8 0.0 0.0 0.0 52.8 0.0 0.0 0.0 0.4 0.0 18.8
FLAN-STBASE 48.0 49.3 59.6 54.1 11.6 36.1 66.1 64.2 1.0 0.0 50.0 44.2 19.5 12.1 51.4 49.9 49.6 21.4

32B ST32B 0.0 0.0 0.0 0.0 0.0 32.8 0.0 0.4 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.4 0.0 6.4
FLAN-ST32B 63.6 67.6 67.9 65.8 66.4 62.0 70.8 74.8 15.2 0.0 58.8 42.0 22.8 5.2 60.0 54.4 64.0 49.6
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Table 10: BBH[9:18] individual task performance.

BBH

Logical Deduction
Seven Objects

Logical Deduction
Three Objects

Movie
Recommendation

Multistep
Arithmetic Navigate Object

Counting
Penguins
in a Table

Reasoning about
Colored Objects

Ruin
Names

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 20.0 27.2 38.0 52.0 58.8 71.2 0.8 1.6 58.0 66.0 33.2 49.6 28.1 35.6 13.2 41.2 18.4 33.2
- text-davinci-002 26.8 38.0 45.2 87.6 72.0 78.8 1.2 53.2 68.0 88.8 44.0 77.2 47.3 81.5 47.6 78.4 65.6 62.8
- text-davinci-003 40.0 52.4 62.0 88.0 79.2 83.6 1.2 49.6 53.2 94.4 33.2 82.0 52.1 83.6 67.2 86.8 82.0 58.8
- code-davinci-002 26.0 38.8 52.8 87.6 84.8 90.4 1.2 47.6 50.4 96.4 45.2 93.2 66.4 79.5 67.6 91.6 75.2 68.4

80M T5-Small 13.2 5.2 31.6 14.0 26.0 14.8 0.0 0.0 55.2 40.0 10.0 0.0 21.9 19.2 16.0 11.2 22.4 1.6
Flan-T5-Small 16.8 11.2 30.8 30.0 43.2 20.4 0.0 1.6 58.0 58.0 5.6 3.2 21.9 10.3 17.2 10.8 13.2 0.8

250M T5-Base 14.8 2.4 29.6 22.4 27.6 0.4 0.4 0.0 48.0 42.0 8.8 0.0 21.9 19.2 15.6 12.4 28.0 2.4
Flan-T5-Base 24.4 19.2 42.8 40.8 39.6 32.4 0.4 0.0 62.8 32.4 22.8 11.2 17.8 9.6 22.4 23.6 13.6 10.4

780M T5-Large 13.2 8.0 32.4 26.0 24.8 23.2 0.4 0.0 42.0 42.0 9.6 6.4 21.9 23.3 10.4 14.8 27.6 0.4
Flan-T5-Large 46.8 22.4 53.2 36.8 41.6 28.0 0.4 0.4 44.8 34.0 32.8 16.8 22.6 22.6 43.6 38.4 28.8 25.6

3B T5-XL 13.6 15.2 35.2 35.6 25.2 23.6 0.8 0.8 42.0 38.0 6.4 25.2 21.2 25.3 12.8 14.8 26.0 0.8
Flan-T5-XL 53.6 25.2 66.0 50.8 46.4 36.4 0.4 0.4 48.4 46.4 42.4 30.8 37.7 35.6 50.8 46.0 42.0 28.4

11B T5-XXL 18.0 18.0 36.8 42.8 46.0 45.2 0.0 0.0 41.6 37.2 31.6 33.2 21.2 24.7 16.4 22.8 20.8 0.0
Flan-T5-XXL 54.8 48.8 76.0 58.8 53.2 53.2 0.4 0.4 60.4 54.0 50.8 34.0 39.0 39.0 58.8 46.8 52.4 53.2

8B PaLM 13.2 14.8 35.6 36.4 28.4 26.4 0.8 1.2 58.0 58.0 36.8 18.8 25.3 19.9 18.0 18.8 21.2 24.4
Flan-PaLM 25.6 12.8 47.6 40.8 72.8 43.6 0.8 0.8 58.4 55.6 30.0 24.8 26.7 30.1 28.4 34.0 36.8 32.0

62B PaLM 19.6 20.0 36.8 52.4 60.8 70.8 0.8 1.6 56.4 55.2 41.6 50.4 24.0 37.0 17.2 48.0 50.4 54.0
Flan-PaLM 48.8 34.0 74.0 56.0 82.0 72.8 1.2 1.6 60.4 49.2 50.4 51.2 37.0 49.3 50.4 46.0 63.6 54.8

540B PaLM 24.8 43.6 63.6 78.0 87.2 92.0 1.6 19.6 62.4 79.6 51.2 83.2 44.5 65.1 38.0 74.4 76.0 61.6
Flan-PaLM 50.8 48.4 85.6 87.2 85.6 82.4 0.8 29.6 68.4 78.0 54.0 88.8 55.5 72.6 66.4 82.4 81.2 68.0

250M SwitchBASE 0.0 0.4 0.0 1.2 0.0 3.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.4 0.0 0.0
FLAN-SwitchBASE 38.4 23.2 47.2 41.6 41.6 33.2 0.0 0.0 59.2 54.0 30.8 18.4 34.9 19.9 36.8 24.8 12.4 10.4

780M SwitchLARGE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 17.8 0.0 4.0 0.0 0.4
FLAN-SwitchLARGE 44.8 22.8 57.2 42.0 61.2 47.2 0.4 0.8 45.6 43.2 41.6 33.2 38.4 29.5 42.0 32.4 11.6 10.8

11B SwitchXXL 0.0 0.0 0.0 4.0 0.0 1.2 0.4 0.0 0.0 0.0 0.0 1.6 0.0 6.8 0.0 2.0 0.0 2.0
FLAN-SwitchXXL 61.1 46.9 80.6 70.6 58.5 54.1 1.5 0.4 58.4 58.2 47.2 40.3 47.6 44.2 62.8 55.7 66.4 50.4

80M FLAN-GSSMALL 16.8 12.4 33.6 34.4 42.8 13.2 0.0 0.4 62.4 40.0 20.0 9.2 13.0 15.8 25.6 19.2 9.2 6.4
250M FLAN-GSBASE 36.0 17.2 48.4 35.6 54.0 47.2 0.0 0.0 61.2 53.6 27.2 29.6 29.5 20.5 34.0 24.4 10.8 14.0
780M FLAN-GSLARGE 46.8 26.0 60.8 34.4 45.2 39.6 1.6 0.4 57.6 44.8 36.0 21.6 31.5 25.3 25.6 32.4 29.6 32.4

80M FLAN-ECSMALL 14.8 12.8 33.6 29.6 40.4 36.0 0.8 0.4 64.4 57.6 19.6 4.0 13.7 17.8 21.6 18.8 8.8 8.0
250M FLAN-ECBASE 35.2 24.0 50.8 34.8 24.8 34.0 0.4 0.4 62.0 50.4 32.8 24.8 31.5 26.0 33.2 26.0 18.0 15.2
780M FLAN-ECLARGE 50.0 22.8 57.2 30.0 50.8 45.2 0.0 0.8 58.8 59.6 38.4 31.2 33.6 27.4 34.4 39.6 20.0 26.4
3B FLAN-ECXL 53.4 48.6 60.8 56.5 48.6 38.4 66.7 35.1 0.0 0.4 53.6 49.2 11.0 4.5 61.4 40.3 53.0 37.9

250M STBASE 0.0 13.2 0.0 28.8 0.0 4.0 0.0 1.6 0.0 42.0 0.0 6.4 0.0 15.8 0.0 6.4 0.0 0.8
FLAN-STBASE 43.5 22.7 53.7 42.6 42.9 33.9 0.4 0.4 48.1 47.2 33.1 31.6 35.0 27.7 40.0 40.7 18.9 21.0

32B ST32B 0.0 1.6 0.0 20.8 0.0 0.4 0.4 0.4 0.0 0.0 0.4 3.2 0.0 0.0 0.0 10.4 0.0 0.0
FLAN-ST32B 62.4 44.8 90.8 79.6 69.6 66.0 0.8 0.4 63.2 48.0 52.4 49.6 61.6 55.5 78.0 72.0 72.8 64.4
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Table 11: BBH[18:27] individual task performance.

BBH

Salient Translation
Error Detection Snarks Sports

Understanding
Temporal
Sequences

Tracking Shuffled
Objects (5)

Tracking Shuffled
Objects (7)

Tracking Shuffled
Objects (3)

Web of
Lies

Word
Sorting Average

Model Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT Direct CoT

- davinci 22.4 5.2 52.2 47.8 54.4 94.0 22.8 22.4 32.0 18.0 13.6 14.8 33.6 32.0 48.8 59.2 11.2 6.0 33.6 38.3
- text-davinci-002 61.6 62.4 65.2 60.7 71.6 92.0 33.6 67.2 23.2 60.8 17.2 59.6 34.8 62.8 51.6 92.0 36.8 44.4 48.6 67.2
- text-davinci-003 68.0 60.8 67.4 74.2 72.4 96.0 37.6 58.0 18.0 80.8 16.0 81.2 30.4 68.4 53.2 100.0 45.6 41.6 50.9 70.7
- code-davinci-002 62.0 60.8 61.2 59.6 72.8 97.6 77.6 96.8 20.4 89.6 14.4 85.6 37.6 78.4 51.6 95.2 50.4 40.4 52.8 73.7

80M T5-Small 12.0 0.0 46.1 15.2 46.4 35.6 28.4 1.6 20.8 0.0 15.2 0.0 32.8 0.0 51.2 0.0 0.4 0.0 27.0 7.2
Flan-T5-Small 22.4 15.2 46.6 9.6 54.8 54.0 28.4 17.2 22.4 15.2 14.0 8.8 30.8 25.6 53.6 36.8 2.0 1.2 29.1 19.2

250M T5-Base 22.0 0.8 46.1 5.1 46.4 38.4 28.4 28.4 20.4 5.6 15.2 5.6 31.6 9.6 51.6 22.4 0.8 3.2 27.8 14.6
Flan-T5-Base 11.6 18.0 42.7 46.1 52.8 46.4 18.4 20.4 16.8 19.2 10.4 11.2 33.2 32.0 52.4 47.2 4.0 2.0 30.3 26.8

780M T5-Large 22.4 0.0 46.1 14.6 46.8 48.4 28.0 28.4 22.0 16.4 15.2 9.2 32.0 22.8 49.2 22.8 3.2 0.0 27.7 16.1
Flan-T5-Large 41.6 25.6 57.9 52.8 52.0 45.2 8.4 23.2 12.4 11.2 8.4 10.4 33.6 31.6 51.2 48.4 0.8 2.4 34.7 28.5

3B T5-XL 22.8 6.8 47.2 30.3 50.8 44.8 28.4 22.8 15.2 14.8 12.4 12.0 32.4 31.2 48.8 43.2 2.4 2.4 27.4 19.2
Flan-T5-XL 34.4 30.4 72.5 75.8 51.2 55.6 22.8 31.2 12.4 15.6 8.4 10.0 29.2 29.6 49.6 46.8 4.8 0.0 40.2 35.9

11B T5-XXL 15.2 0.0 53.9 25.3 47.2 60.0 19.2 17.2 18.4 1.6 10.0 0.0 33.2 30.0 48.8 4.4 3.2 2.0 29.5 19.3
Flan-T5-XXL 46.4 50.0 74.7 76.4 64.4 66.0 25.6 21.2 18.0 12.0 9.6 16.8 28.8 24.8 54.0 53.2 7.2 4.4 45.6 41.6

8B PaLM 21.6 12.0 53.9 51.1 54.0 76.8 25.6 28.8 20.4 19.6 12.8 10.8 32.0 31.6 51.2 48.8 4.4 4.4 30.8 30.1
Flan-PaLM 23.2 0.8 69.1 59.6 64.4 69.6 15.6 24.0 17.2 11.2 16.8 13.6 33.2 32.0 52.0 49.2 6.0 1.2 36.4 31.1

62B PaLM 28.0 21.6 52.8 48.3 78.4 95.6 21.2 26.4 19.6 18.8 13.6 13.6 30.4 36.4 48.8 80.8 7.6 8.4 37.4 42.3
Flan-PaLM 45.2 40.4 83.1 78.1 79.2 81.2 30.8 36.0 21.2 18.0 15.2 18.0 22.0 29.6 48.4 92.0 11.2 10.0 47.5 44.9

540B PaLM 48.8 54.0 78.1 61.8 80.4 98.0 39.6 78.8 16.8 57.6 13.6 42.4 28.4 58.8 51.2 100.0 32.0 21.6 49.1 62.0
Flan-PaLM 53.2 51.6 85.4 76.4 83.2 87.2 81.6 91.6 24.4 50.8 21.6 38.0 32.4 71.6 62.4 100.0 32.0 33.2 57.9 66.3

250M SwitchBASE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.4
FLAN-SwitchBASE 27.2 25.6 39.3 39.9 53.2 54.4 10.4 15.6 11.6 13.2 14.4 14.4 32.0 33.6 49.6 53.2 2.4 1.2 33.2 29.4

780M SwitchLARGE 0.0 0.4 0.0 45.5 0.0 0.0 0.0 6.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.2 7.2
FLAN-SwitchLARGE 27.6 8.8 52.8 52.8 57.2 54.4 18.4 14.8 12.4 12.8 8.4 10.8 33.6 30.4 51.2 48.0 4.0 0.4 36.4 28.0

11B SwitchXXL 0.0 6.8 0.0 0.0 0.0 12.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 39.6 0.0 0.0 0.0 6.7
FLAN-SwitchXXL 51.7 41.1 81.1 74.3 68.8 74.3 40.0 36.4 19.5 18.0 21.0 14.0 20.8 25.7 50.3 49.7 8.3 4.7 47.9 43.4

80M FLAN-GSSMALL 20.8 0.0 46.6 37.1 54.0 52.8 22.4 22.4 23.6 18.0 12.4 8.8 34.4 32.0 51.6 32.0 2.4 0.0 29.6 20.9
250M FLAN-GSBASE 23.2 0.0 47.8 35.4 56.4 52.8 22.8 19.2 12.4 15.6 8.4 10.8 32.4 34.8 50.0 52.8 3.6 0.4 33.7 25.1
780M FLAN-GSLARGE 16.8 14.8 61.8 53.9 59.2 55.2 12.4 20.8 12.4 5.6 8.4 5.6 34.0 19.2 52.4 56.0 3.2 1.6 35.0 29.2

80M FLAN-ECSMALL 23.2 3.6 48.3 23.6 54.0 54.4 17.6 23.6 24.8 18.8 11.6 14.0 30.0 28.8 50.8 30.8 2.8 0.0 29.2 22.2
250M FLAN-ECBASE 22.4 13.2 41.6 44.4 57.2 54.0 16.0 11.2 14.4 14.8 8.0 10.0 34.0 34.0 53.2 52.4 2.8 1.2 34.0 26.6
780M FLAN-ECLARGE 42.0 15.6 55.6 56.7 59.2 58.4 19.6 20.8 12.4 12.8 8.4 9.2 33.6 32.0 54.4 49.2 3.6 2.8 37.9 32.0
3B FLAN-ECXL 38.6 21.2 64.0 53.7 63.2 59.2 16.6 22.4 13.2 17.0 8.6 8.6 26.8 28.1 50.8 48.8 6.8 2.3 40.3 33.2

250M STBASE 0.0 10.8 0.0 44.4 0.0 47.2 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21.2 0.0 0.0 0.0 14.0
FLAN-STBASE 13.3 11.6 61.0 58.1 56.0 52.2 18.4 20.2 12.2 12.3 7.9 12.2 33.9 34.5 52.5 48.6 3.3 2.2 34.7 26.6

32B ST32B 0.0 10.4 0.0 0.0 0.0 0.0 0.0 0.4 0.0 18.0 0.0 9.2 0.0 32.8 0.0 0.0 0.0 0.0 0.0 5.5
FLAN-ST32B 57.6 52.8 88.2 86.0 73.2 75.6 75.6 44.8 27.2 18.4 28.0 19.6 21.6 28.0 40.4 48.8 15.6 4.8 54.4 47.4

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

80M 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 45.9 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-PaLM 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-PaLM 73.0 77.7 83.0 72.2 76.5

250M SwitchBASE 0.6 1.0 17.5 1.5 5.2
FLAN-SwitchBASE 6.4 8.4 53.3 6.3 18.6

780M SwitchLARGE 1.9 2.4 43.2 2.0 12.4
FLAN-SwitchLARGE 12.7 19.0 56.3 13.0 25.3

11B SwitchXXL 0.2 0.4 36.2 0.1 9.2
FLAN-SwitchXXL 27.0 47.8 70.1 41.7 46.6

80M FLAN-GSSMALL 3.7 5.0 53.3 3.3 16.1
250M FLAN-GSBASE 11.1 13.9 53.7 9.9 22.2
780M FLAN-GSLARGE 16.7 22.2 54.6 17.0 27.6

80M FLAN-ECSMALL 5.2 5.6 53.3 5.4 16.6
250M FLAN-ECBASE 10.7 13.7 53.3 10.5 22.0
780M FLAN-ECLARGE 15.9 25.7 65.5 21.7 32.2
3B FLAN-ECXL 21.3 33.6 67.2 30.3 38.1

250M STBASE 2.0 1.9 45.0 1.3 12.6
FLAN-STBASE 11.2 11.1 59.8 8.0 22.5

ST32B 2.7 18.4 1.7 16.2 9.8
FLAN-ST32B 51.1 65.3 80.8 68.1 66.3
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Table 13: QA[:5] individual task performance.

QA

UnifiedQA
Elementary Science

ARC
easy

ARC
challlenge BoolQ Average

Model Direct Direct Direct Direct Direct

80M 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-PaLM 72.4 83.4 61.7 83.0 75.1
62B Flan-PaLM 85.4 92.0 77.3 86.3 85.3
540B Flan-PaLM 92.7 95.2 88.7 83.0 89.9

250M FLAN-SwitchBASE 48.1 61.4 43.2 79.3 58.0
780M FLAN-SwitchLARGE 50.3 70.3 61.7 83.8 66.5
11B FLAN-SwitchXXL 60.2 73.7 91.7 89.7 78.8

80M FLAN-GSSMALL 39.0 48.5 36.0 72.0 48.9
250M FLAN-GSBASE 43.9 59.3 45.9 82.5 57.9
780M FLAN-GSLARGE 53.7 69.4 66.7 88.2 69.5

80M FLAN-ECSMALL 37.4 61.4 50.0 83.4 58.1
250M FLAN-ECBASE 51.2 61.4 50.0 83.4 61.5
780M FLAN-ECLARGE 59.3 71.8 71.3 90.1 73.1
3B FLAN-ECXL 60.1 71.8 75.3 90.1 74.3

250M FLAN-STBASE 47.2 58.3 57.7 82.6 61.5
32B ST32B 31.7 25.8 30.1 40.6 32.1

FLAN-ST32B 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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