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ABSTRACT
Self-correction is a highly desirable capability of large language models (LLMs),
yet it has consistently been found to be largely ineffective in modern LLMs. Current
methods for training self-correction typically depend on either multiple models, a
more advanced model, or additional forms of supervision. To address these short-
comings, we develop a multi-turn online reinforcement learning (RL) approach,
SCoRe, that significantly improves an LLM’s self-correction ability using entirely
self-generated data. To build SCoRe, we first show that variants of supervised
fine-tuning (SFT) on offline model-generated correction traces are often insufficient
for instilling self-correction behavior. In particular, we observe that training via
SFT falls prey to either a distribution mismatch between mistakes made by the
data-collection policy and the model’s own responses, or to behavior collapse,
where learning implicitly prefers only a certain mode of correction behavior that
is often not effective at self-correction on test problems. SCoRe addresses these
challenges by training under the model’s own distribution of self-generated correc-
tion traces and using appropriate regularization to steer the learning process into
learning a self-correction behavior that is effective at test time as opposed to fitting
high-reward responses for a given prompt. This regularization process includes an
initial phase of multi-turn RL on a base model to generate a policy initialization
that is less susceptible to collapse, followed by using a reward bonus to amplify
self-correction. With Gemini 1.0 Pro and 1.5 Flash models, we find that SCoRe
achieves state-of-the-art self-correction performance, improving the base models’
self-correction by 15.6% and 9.1% respectively on MATH and HumanEval.

1 INTRODUCTION

Large language models (LLMs) are a useful tool for reasoning in scientific domains such as math and
coding (Shao et al., 2024; Lozhkov et al., 2024; Team, 2024). An aspirational property of LLMs in
such settings is their ability to implement meta-strategies or algorithms that use test-time computation
to generate improved responses. However, modern LLMs do not implement such strategies reliably.
For instance, consider a problem that requires models to detect and revise (or “self-correct”) their
own responses in order to eventually arrive at the best possible final response. This self-correction
capability has been shown to be severely lacking in current LLMs, especially in the absence of
external input (also called intrinsic self-correction) (Huang et al., 2023; Kamoi et al., 2024).

To make progress towards teaching LLMs to implement meta-strategies for challenging inputs, we
study a special instance of training LLMs to perform self-correction to fix their mistakes “on-the-fly”.
This should be possible: on many queries where current LLMs fail, they still possess the underlying
“knowledge” needed to arrive at the correct response but are unable to correctly elicit and draw
inferences about their own knowledge when needed (Yang et al., 2024). For example, strong LLMs
can often successfully complete a sub-part of a math proof when prompted with the remainder, but
may not be able to complete it from scratch. In a similar vein, leveraging their previous responses
should, in principle, enable LLMs to improve their subsequent ones. Despite this, self-correction has
remained elusive, highlighting the need to go beyond existing training paradigms.

How can we imbue LLMs with self-correction abilities? Prior attempts for self-correcting LLMs
either rely on prompt-engineering (Madaan et al., 2023; Kim et al., 2023) or on fine-tuning models
specifically for self-correction. While the former approaches often fail to perform meaningful
intrinsic self-correction, fine-tuning approaches require running multiple models during inference,
such as a separate refinement model (Havrilla et al., 2024b; Welleck et al., 2023), or rely on “teacher”
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Figure 1: Left: SCoRe achieves state-of-the-art self-correction performance on MATH; Right: SCoRe
inference-time scaling: spending samples on sequential self-correction becomes more effective than only on
parallel direct samples (Section 6.2).

supervision to guide the process of self-correction (Qu et al., 2024). With the use of separate models
of teacher supervision, self-correction does not necessarily outperform parallel, independent attempts.
We develop an approach that is effective at self-correction without these requirements. Our approach,
Self-Correction via Reinforcement Learning (SCoRe), trains only a single model that can both
produce a response to a problem and also correct errors without any oracle feedback.

To develop SCoRe, we start by analyzing the shortcomings of SFT-based approaches (e.g., STaR (Ze-
likman et al., 2022)) and naïve RL that optimizes final response correctness for teaching self-
correction. We find that such approaches fall prey to either: (1) distribution shift, where the trained
model is able to correct errors made by the base model that generated the data, but these gains do
not transfer to self-correction under the learned model’s own mistakes; or (2) behavior collapse,
where the learning progress simply learns to produce the best first-attempt response followed by
superficial or no modifications in the second attempt. To address these issues, SCoRe trains for
self-correction directly via on-policy, multi-turn RL. To prevent behavior collapse, SCoRe employs
two-stage training: in the first stage, it produces an initialization that is less susceptible to behavior
collapse by training to correct second-attempt responses while constraining the first-turn distribution
to be close to the base model; followed by training on both attempts to maximize reward in the second
stage. Crucially, the second stage of multi-turn RL employs a reward shaping term that rewards
“progress” towards self-correction as opposed to the correctness of the final response.

Our contribution is SCoRe, a multi-turn RL approach for teaching LLMs how to correct their own
mistakes. To the best of our knowledge, SCoRe is the first approach to attain significantly positive
intrinsic self-correction: relative to base Gemini models, our method attains an absolute 15.6% gain
on self-correction for reasoning problems from MATH (Hendrycks et al., 2021) and an absolute 9.1%
gain on coding problems from HumanEval (Chen et al., 2021). We additionally motivate the design
of SCoRe by extensively studying the failure modes of SFT and standard RL approaches, which
broadly indicate that reinforcement learning plays an essential role in self-trained self-correction.

2 RELATED WORK

Prior works study self-correction for LLMs under a variety of assumptions and problem settings.
The most prominent settings include problems where external input tokens from an environment are
available, such as agentic tasks (Liu et al., 2023), code repair (Jain et al., 2024), and tool use (Chen
et al., 2023). While self-correction with external feedback is possible with strong models (Pan
et al., 2023), even they struggle in the substantially harder setting with no external input (intrinsic
self-correction) (Kamoi et al., 2024; Huang et al., 2023). Prior work that attempts to amplify intrinsic
correction abilities is largely based on prompting and fine-tuning.

Prompting for intrinsic self-correction. Recent work demonstrates that naïvely prompting LLMs
for self-correction can degrade performance (Huang et al., 2023; Zheng et al., 2024; Tyen et al., 2024;
Qu et al., 2024). These results contradict prior work (Madaan et al., 2023; Shinn et al., 2023; Kim
et al., 2023) and largely stem from mismatched assumptions about the setting (Kamoi et al., 2024).
For example, Shinn et al. (2023); Kim et al. (2023) use ground-truth answers during self-correction
that may not generally be available; Madaan et al. (2023) use weak prompts for initial responses,
thereby overestimating the total improvement possible. Therefore, there is no major work showing
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MATH Example 1: Arithmetic Self-Correction

Problem. If n ≡ 2 (mod 7), then find the remainder when (n + 2)(n + 4)(n + 6) is divided by 7.

SCoRe turn 1 solution (incorrect). Since n ≡ 2 (mod 7), we can write n = 7k + 2 for some integer k. Substituting, we get
(n+ 2)(n+ 4)(n+ 6) = (7k+ 4)(7k+ 6)(7k+ 8) ≡ 4 ⋅ 6 ⋅ 8 (mod 7) ≡ 192 (mod 7) ≡ 1 (mod 7). Final Answer: The
final answer is 1. I hope it is correct.

Self-correction instruction. There might be an error in the solution above because of lack of understanding of the question. Please
correct the error, if any, and rewrite the solution.

SCoRe turn 2 solution (correct). Since n ≡ 2 (mod 7), we can write n = 7k + 2 for some integer k. Substituting, we get
(n+2)(n+4)(n+6) = (7k+4)(7k+6)(7k+8) ≡ 4 ⋅6 ⋅8 (mod 7) ≡ 4 ⋅6 ⋅1 (mod 7) ≡ 24 (mod 7) ≡ 3 (mod 7).
Final Answer: The final answer is 3. I hope it is correct.

MATH Example 2: Reasoning Self-Correction

Problem. Let f(x) = ⌊(− 5
8
)x⌋ be a function that is defined for all values of x in [0,∞) such that f(x) is a real number. How

many distinct values exist in the range of f(x)?

SCoRe turn 1 solution (incorrect). As x increases, the value of (− 5
8
)x decreases. Since the floor function rounds down to the

nearest integer, the range of f(x) consists of all the integers less than or equal to ⌊(− 5
8
)0⌋ = 1. Therefore, the range of f(x) is

{1,0,−1,−2, . . . }, and there are ∞ distinct values in the range. Final Answer: The final answer is ∞. I hope it is correct.

Self-correction instruction. There might be an error in the solution above because of lack of understanding of the question. Please
correct the error, if any, and rewrite the solution.

SCoRe turn 2 solution (correct). As x increases from 0 to∞, the value of (− 5
8
)x oscillates between positive and negative values,

but its absolute value decreases. The floor function rounds down to the nearest integer, so the range of f(x) consists of the integers

less than or equal to ⌊(− 5
8
)0⌋ = 1. Since the absolute value of (− 5

8
)x decreases as x increases, the range of f(x) is finite and

consists of the integers: {1,0,−1}. Final Answer: The final answer is 3. I hope it is correct.

Figure 2: Two example traces of self-correction. In the upper example, SCoRe is able to correct an arithmetic
mistake it makes in turn 1. In the lower example, the model is able to correct a reasoning error.

successful intrinsic self-correction via prompting alone. In the context of code self-repair, Olausson
et al. (2023) show that even when strong models are prompted with some form of partial feedback,
e.g., test-cases but not the desired outcomes, they are unable to correct their mistakes.

Fine-tuning for intrinsic self-correction. Several works that go beyond prompting rely on fine-
tuning with demonstrations of revisions, e.g. obtaining revisions directly from human annota-
tors (Saunders et al., 2022) or stronger models (Ye et al., 2023; Qu et al., 2024). Our work aims to
train for self-correction entirely without the use of larger models or humans, when the learner itself
is asked to generate its own training data. Similar to these prior works, we assume access to a reward
function for evaluating model-generated outputs (Welleck et al., 2023; Akyürek et al., 2023; Zhang
et al., 2024). Perhaps the closest to us from this set is Qu et al. (2024), which utilizes an iterative
STaR-like approach self-correction. While this work largely uses oracle teacher supervision, their
preliminary results from training for self-correction only show minor improvements over five turns,
consistent with the results we see for STaR. We show that SCoRe attains substantially better results.
Other approaches train separate models for performing correction (e.g., GLoRE (Havrilla et al.,
2024b), Self-Correction (Welleck et al., 2023), Akyürek et al. (2023); Paul et al. (2023). While such
approaches can be convenient, they require system design for serving multiple models at deployment.

Multi-turn RL for LLMs. Prior work at the intersection of LLMs and multi-turn RL builds
machinery for optimizing rewards with value-based (Snell et al., 2022; Zhou et al., 2024; Farebrother
et al., 2024; Shani et al., 2024), policy-based (Xiong et al., 2024; Shao et al., 2024), and model-
based (Hong et al., 2024) approaches. We do not focus on building machinery for RL (we use the
approach of Ahmadian et al. (2024)), but rather train for self-correction as an RL problem.

3 PRELIMINARIES AND PROBLEM SETUP

Our goal is to develop an approach for training LLMs to improve their own predictions entirely
on self-generated data. As discussed so far, we situate ourselves in the intrinsic self-correction
setting (Huang et al., 2023), where models attempt to correct their initial responses without any
external feedback. Concretely, given a dataset D = {(xi,y∗i )}Ni=1 of problems xi and responses
y
∗
i , we will train an LLM policy πθ(⋅∣[x, ŷ1∶l, p1∶l]) that, given the problem x, previous l model

attempts ŷ1∶l at the problem, and auxiliary instructions p1∶l (e.g., instruction to find a mistake and
improve the response), solves the problem x as correctly as possible. This formalism is akin to the
multi-turn MDP in Qu et al. (2024). We also assume access to an oracle reward r̂(y,y∗), such as an
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Table 1: Self-correction performance after training on DSTaR and DSFT. We find that the gap between the
second and first attempts (∆(t1,t2)) is either negative or small. Both approaches erroneously modify a correct
response to be incorrect, i.e., reflected in a high ∆

c→i(t1, t2) and a low ∆
i→c(t1, t2).

Method Accuracy@t1 Accuracy@t2 ∆(t1, t2) ∆
i→c(t1, t2) ∆

c→i(t1, t2)

Base model 52.6% 41.4% -11.2% 4.6% 15.8%

STaR DStaR 55.4% 41.2% -14.2% 5.4% 19.6%
STaR D+

StaR 53.6% 54.0% 0.4% 2.6% 2.2%
Pair-SFT DSFT 52.4% 54.2% 1.8% 5.4% 3.6%
Pair-SFT D+

SFT 55.0% 55.0% 0% 0% 0%

answer checker (Uesato et al., 2022), that evaluates the correctness of response y by comparing it
with the oracle response y

∗. Critically, we do not assume access to this oracle at test-time; instead,
the model must deduce whether there was a mistake and correct it if necessary, as is often the case
in e.g. mathematical reasoning problems. Unlike the setup of Qu et al. (2024), we also do not run
majority voting for most of our main results. An example of our problem setting is given in Figure 2.

We aim to find an LLM policy π(□∣◦) mapping input tokens ◦ to output tokens □ that maximizes
the correctness reward obtained from the verifier at the end of l + 1 turns (l = 1). Formally:

max
πθ

Ex,y∗∼D,ŷl+1∼πθ(⋅∣[x,ŷ1∶l,p1∶l]) [
l+1

∑
i=1

r̂ (ŷi,y∗)] . (1)

Crucially, note that unlike standard SFT or prevalent RL fine-tuning workflows, which train the
policy π to directly produce y

∗ (or any other y wih r̂(y,y∗) = 1), Equation 1 trains π over multiple
attempts simultaneously, where intermediate turns are supervised indirectly to maximize the sum.

Base RL fine-tuning approach we use. We use a REINFORCE policy gradient training approach
with a KL-divergence penalty against a fixed model (Ahmadian et al., 2024), which is widely used in
RL fine-tuning of LLMs, primarily in the setting of single-turn RLHF. Formally, these methods train
the policy πθ(⋅∣x) to optimize the following, where πref is a reference policy.

max
θ

Ext,yt∼πθ(⋅∣xt) [r̂(yt,y
∗) − β1DKL(πθ(⋅∣xt)∣∣πref(⋅∣xt))] , (2)

Metrics. To measure self-correction performance (we consider l = 2 in this paper), we report and
analyze the following metrics: (1) Accuracy@t1: the model’s accuracy at the first attempt; (2)
Accuracy@t2: the model’s accuracy at the second attempt, (3) ∆(t1, t2): the net improvement in
model accuracy between the first and second attempts, which measures the efficacy of self-correction,
(4) ∆

i→c(t1, t2): the fraction of problems that are incorrect in the first attempt but become correct
at the second attempt, which measures how many new problems can self-correction solve; and (5)
∆

c→i(t1, t2): the fraction of problems that are correct in the first attempt but become incorrect at the
second attempt, which measures how well the model understands what makes a response correct.

4 SFT ON SELF-GENERATED DATA IS INSUFFICIENT FOR SELF-CORRECTION

A natural approach for training self-correction is to utilize some form of supervised fine-tuning
on data collected from a base model. Variants of this approach have been shown to scale well on
single-turn reasoning problems (Singh et al., 2023; Zelikman et al., 2022). In this section, we assess
the empirical efficacy of two such approaches for self-correction: STaR (Zelikman et al., 2022), and
a version of Welleck et al. (2023) that trains only one model.

We ultimately find that although these methods improve self-correction over the base model, they fail
to achieve substantially positive self-correction (∆(t1,t2)). By probing these models, we observe two
main failure modes: (1) a collapse to non-correcting behavior, where the models learn to produce a
good response on the first attempt and only make minor (or no) modifications in the second attempt,
and (2) an inability of offline methods to be robust to distribution shift in the first-attempt responses.

Analysis setup: methods and dataset construction. We prompt Gemini 1.5 Flash to obtain a large
number of two-turn self-correction traces on MATH (Hendrycks et al., 2021). The STaR approach
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Figure 3: Edit distance between first-attempt and second-attempt responses from fine-tuned models, our
approach (SCoRe) and the base model. While training on self-generated error correction traces learns to not
make major edits primarily, SFT learns to make some edits but is still quite conservative.

filters these trajectories to retain only those that successfully revise incorrect responses and runs
SFT on the resulting dataset. Another approach is to use base model data from above to construct
“synthetic” repair traces by pairing incorrect responses with correct ones (Welleck et al., 2023). We
study a variant of this method that we call Pair-SFT, which does not train a separate corrector model
and does not augment this initial dataset with multi-turn traces. Formally, we denote the datasets for
STaR and Pair-SFT as DSTaR and DSFT respectively. We run 3 iterations for STaR following the
protocol in Singh et al. (2024), and only one iteration for Pair-SFT, following the protocol in Welleck
et al. (2023) and other standard workflows on SFT.
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Figure 4: Self-correction performance on different sets of
first-attempt responses: (a) “fixed”: first response is sampled
from the initial model, (b) “self-generated”: first response is gen-
erated by the learner itself. Throughout training, the correction
rate on fixed responses increases for both train and validation
problems, but degrades substantially on self-generated responses.
This indicates that training on a fixed offline dataset of correction
traces suffers from distribution shift.

Main empirical findings. We present
the self-correction results before and af-
ter fine-tuning on DSTaR and DSFT in Ta-
ble 1. We find that although ∆(t1, t2) is
substantially higher for Pair-SFT relative
to the base model, there is only little ben-
efit to self-correction (1.8% gain). This
gain is of a similar order to findings from
Qu et al. (2024). By studying ∆

i→c and
∆

c→i, we find that SFT mainly reduces
the number of correct problems that are
mistakenly changed to incorrect in the
second attempt, but does not significantly
increase the fraction of incorrect first at-
tempts that are corrected. This result is
consistent with prior works on intrinsic
self-correction that have found negligible
or negative ∆(t1, t2) values.

We also find that unlike Pair-SFT, training on DSTaR does not reduce ∆
c→i, indicating that the

STaR policy does not have a clear understanding of when to make modifications and when not to.
Observing this, we also trained on an extended version of D+

STaR (and D+
SFT), which additionally

contains tuples with both correct responses. We would expect the addition of such “correct-to-correct”
data to prevent the model from erroneously revising a correct response. As shown in Table 1, the
inclusion of this data helps STaR substantially but only results in 0.4% change in ∆(t1, t2). On the
other hand, for SFT, inclusion of this data overly biases the model against changing its answer.

Diving deeper: analyzing self-correction behavior. To further understand how these STaR and
SFT models edit their responses, we measured their edit distance ratios, defined as the edit distance
between the responses normalized by the total length of both the responses. As shown in Figure 3a,
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Figure 5: Behavior collapse in standard multi-turn RL for training self-correction. These results indicate
that some explicit approach to avoid collapse is necessary, i.e. Stage I in SCoRe.

while the base model sometimes makes substantially large edits to the original response, models
fine-tuned on DSTaR and DSFT are overly conservative and often make no edits at all. This is akin
to a form of behavior collapse: training to maximize likelihoods on off-policy revision traces does
not teach the desired correction “behavior”, even though it improves first-attempt accuracy. Similar
observations of LLMs ignoring nuanced behaviors (e.g., producing a mistake in a response and then
correcting it in subsequent steps) have been observed in Ye et al. (2024).

We also compared the distributions of edit distance ratios on training and test-time self-correction
traces in Figures 3b/3c. While STaR produces qualitatively similar edit distance ratios on both the
train and validation sets, we still observe some discrepancies between the train and validation edit
distance ratios for SFT, implying that Pair-SFT is not very effective at generalizing to new problems
from the same distribution. We visualized this by plotting the self-correction performance of the SFT
model on a fixed set of first attempts and self-generated first attempts in Figure 4. We observe vastly
different behaviors between static and self-generated first-attempt distributions: while the model is
able to optimize training correction accuracy and also slightly improves on first attempts appearing in
the validation set (distributed i.i.d. to the training distribution), its self-correction accuracy degrades.
Hence, distribution shift is a significant challenge for offline methods such as Pair-SFT.

Takeaways: Insufficiency of SFT

SFT methods suffer from two distinct failures when learning self-correction: (1) distribution
shift, and (2) behavior collapse. Training on on-policy data can fix (1), but not (2).

5 SCoRe: SELF-CORRECTION VIA MULTI-TURN REINFORCEMENT LEARNING
The above results highlight that an effective approach for training LLMs to self-correct entirely via
self-generated data must address both distribution shift and behavior collapse. Utilizing on-policy RL
is a natural way to address distribution shift, and our method will do so by extending Equation 2 to
multiple turns under the hierarchical framework of Zhou et al. (2024). However, is behavior collapse
an issue for standard multi-turn RL (i.e., optimizing reward at the end of the second attempt)?

To answer this question, we run standard multi-turn RL training to optimize Equation 1 only on
(x2, y2) pairs, appearing in the second attempt. Since this objective maximizes the second-attempt
performance given self-generated first attempts but without training the first attempt, we expect
the self-correction ∆(t1,t2) of the model to increase. However, as shown in Figure 5, while the
performance of each attempt improves with training, the difference ∆(t1, t2) does not. In other words,
standard multi-turn RL collapses to be overly biased against changing its response, resulting in no
self-correction ability and a similar behavior collapse as what we saw with STaR.

Why does RL still suffer from collapse? Note that there are two equally good solutions when
optimizing a policy with RL on the training prompts: (i) learning to correct the first attempt, or (ii)
learning to produce the best first-attempt response, followed by no meaningful correction. Of course
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Foundation model

prompt (x)

response (y)

Stage I: Train an initialization for self-correction Stage II: Run Multi-turn RL with reward shaping

Foundation model trained with SCoRe

first attempt (y1) second attempt (y2)

prompt (x)

Maximize 
reward

Constrain to 
base model

Maximize shaped 
rewardMaximize reward 

Foundation model trained with SCoRe

first attempt (y1) second attempt (y2)

prompt (x)

Figure 6: An overview of our approach (SCoRe). SCoRe trains a model in two stages: Stage I: instead of
running SFT (which produces pathological amplification of biases) to initialize RL training, we train a good
initialization that can produce high-reward responses in the second-attempt while mimicking the base model’s
initial response at the first attempt. Stage II: jointly optimizing both attempts, where the latter uses a shaped
reward to incentivize the discovery of the self-correction strategy instead of the simple strategy of producing the
best first response followed by making any minor edits to it in the second attempt.

only the former strategy produces self-correction behavior to new problems, but RL on pre-trained
LLM may not learn (i) over (ii), since both of these strategies can appear equally good on the training
set. Abstractly, learning the “meta” strategy of self-correction during training is difficult unless the
“direct” strategy that optimizes reward appears less viable on the training data. Conceptually, this is
similar to the memorization challenge in meta-learning (Yin et al., 2019), which suggests that when
provided with mutually exclusive tasks, meta-learning is likely to recover the supervised learning
solution (without using context from the few shots) that directly predicts the output. Here, this is
analogous to not self-correcting past attempts, directly producing an answer.

Method overview. We saw that standard RL leads to a collapse to non-correcting behavior, which
optimizes accuracy of both attempts, but does not incentivize self-correction. Hence, our key insight
in SCoRe is that we must more explicitly encourage self-correction behavior, which we accomplish
via a two-stage approach. The first stage (Stage I) serves the role of initialization where we train the
model to decouple its behavior across the two attempts by attempting to optimize second-attempt
accuracy while explicitly constraining the distribution of first attempts to the base model. From here,
Stage II then jointly optimizes the reward of both attempts. To ensure that Stage II does not collapse
to the “direct” solution, we bias the reward to reinforce self-correction progress.
5.1 STAGE I: TRAINING AN INITIALIZATION TO DECOUPLES ATTEMPTS

The goal of Stage I of SCoRe is to obtain an initialization by improving the coverage of base model’s
second attempts given the first attempt, so that subsequent training with on-policy multi-turn RL is
less prone to behavior collapse. While this would typically be done via SFT, our results in Section 4
show that SFT itself suffers from collapse. Therefore, we use RL in this stage to decouple the two
attempts. To do so, we explicitly fine-tune the base model to produce high-reward responses at the
second attempt, while forcing the model to not change its first attempt by constraining it to be close
to the base model using a KL-divergence. While this may appear sub-optimal – as it constrains the
first attempt to the base model – but we find this stage is critical in reducing the base model’s bias
towards collapsing the first and second-attempt distributions, thus avoiding behavior collapse when
actual multi-turn RL is run. Formally, the objective is:

max
θ

Ex1,y1∼πθ(⋅∣x),y2∼πθ(⋅∣[x1,p1])[r̂(y2,y
∗) − β2DKL (πθ(⋅∣∣x1)∣∣πref(⋅∣x1))], (3)

where β2 is a hyperparameter designed to enforce a strict KL penalty only on the first attempt to
avoid shifting of the first-turn responses (denoted by the term in blue). As we use RLOO (Equation 2)
for training the policy, there is still a default KL-divergence penalty, but with a much smaller weight
and is omitted from Eq. 3 for clarity. We show that unlike standard multi-turn RL, Stage I is effective
at decoupling the two responses (Figure 5b) and leads to better Stage II performance.

5.2 STAGE II: MULTI-TURN RL TO OPTIMIZE BOTH ATTEMPTS

The second stage of SCoRe is initialized from Stage I and now jointly optimizes the performance of
both attempts. Concretely, Stage II trains πθ(⋅∣⋅) using objective (Eq. 2 applied to Eq. 4):

max
θ

Ex1,y1∼πθ(⋅∣x),y2∼πθ(⋅∣[x1,p1]) [
2

∑
i=1

r̂(yi,y∗) − β1DKL (πθ(⋅∣xi)∣∣πref(⋅∣xi))] , (4)
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where xi, i ∈ {1, 2} corresponds to the set of input tokens passed as context to the model.

Reward shaping to prevent behavior collapse. Optimizing Equation 4 via multi-turn RL can still
learn to couple responses. This is because we still attempt to maximize rewards for both attempts
in Equation 4. To prevent the learning process from collapsing to a non self-correction policy in
Stage II, we found it crucial to bias the RL problem towards learning self-correction behavior. We
implement this via reward shaping: by rewarding transitions that make “progress” towards learning
the desired self-correction behavior. Concretely, given an two-turn rollout sampled from the policy
τ = {x1, ŷ1, r̂(y1,y

∗),x2, ŷ2, r̂(y2,y
∗)}, we modify the reward r̂(y2,y

∗) in Equation 4, at the
second attempt with a bonus b̂(y2∣y1,y

∗) ∶= α ⋅ (r̂(y2,y
∗) − r̂(y1,y

∗)), where α is a positive
constant multiplier, ideally larger than 1.0. Adding this bonus to the second attempt measures a notion
of progress by only emphasizing transitions that flip the correctness of the response and assigns a
heavy negative penalty to transitions that change a correct response to incorrect in the second attempt.
Thus, the addition of this bonus should regularize the training process from collapsing on to the
“direct” solution that also appears optimal on the training set but does not learn self-correction.

5.3 PUTTING IT TOGETHER AND IMPLEMENTATION DETAILS

Our approach is illustrated in Figures 6 & 11. We detail all hyperparameters in Appendix B. In
practice, one can also use an adaptive β2 that attempts to balance the magnitudes of the first-attempt
KL regularization and the second-attempt policy objective. In some of our experiments, we also
choose to amplify the coverage of states used for on-policy RL by incorporating first-attempt solutions
obtained by repeatedly sampling the base model as offline prompts in RL. We find that incorporating
this data, especially in Stage II – where the first-turn policy may have drifted further from that of the
base model – can have substantial benefits especially when attempting to learn from limited data.

Takeaways and Implications

The core insight behind SCoRe is that we must make it more attractive to learn a more
nuanced algorithmic strategy (i.e., self-correction) instead of collapsing to a degenerate
behavior mode. To avoid distribution shift, this must be done on self-generated online data.

6 EXPERIMENTAL EVALUATION

The goal of our experiments is to demonstrate the efficacy and justify the design of SCoRe in training
LLMs how to self-correct by only training on their own data. To this end, we perform a comparative
evaluation of SCoRe against prior methods that also use self-generated data to train for self-correction,
and run several ablation studies on two representative reasoning tasks where error correction is crucial.

Tasks. We mainly focus on reasoning problems in math and coding: (a) math problem solving
on MATH (Hendrycks et al., 2021), and (b) code generation on MBPP (Austin et al., 2021) and
HumanEval (Chen et al., 2021). We use the following train-test splits in our experiments: (1) MATH:
following Lightman et al. (2023), we augment the MATH training set with 4500 problems from the
test set, and report results on the remaining 500 problems (MATH500); and (2) Code generation:
we train on MBPP and report results on HumanEval, which does not expose test cases to the model.
For all tasks, we use binary rewards during training, indicating whether the model’s answer matches
the ground truth one (for MATH) or passes all test cases (for coding).

Evaluation protocol and metrics. We report the self-correction accuracy on a number of tasks
with two sequential attempts at the problem, i.e., one round of self-correction. For code generation,
following the evaluation protocol of Ni et al. (2024), we also report results on MBPP-R, an offline
repair task that requires correcting incorrect first-attempt programs generated from PaLM 2.

Models. For coding problems, we fine-tune Gemini 1.0 Pro and for MATH, we fine-tune Gemini 1.5
Flash. For all evaluations, we use greedy decoding (i.e. temperature 0), except for inference-compute
scaling in Section 6.2 where we set temperature to be 0.7. For all training methods, we attempted to
use a fixed budget of model samples and gradient updates, and do not vary hyperparameters such as
learning rate and batch size between runs. For all RL runs, we selected checkpoints with the highest
training reward, although a small held-out validation set of problems can also be used.

Evaluation prompts. We use zero-shot CoT prompting for evaluation on MATH, zero-shot prompt-
ing for evaluation on HumanEval, and the canonical three-shot prompt for first-attempt training
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Table 2: Performance of SCoRe on MATH. SCoRe not only attains a higher accuracy at both attempts, but
also provides the most positive self-correction performance ∆(t1, t2).

Approach Acc.@t1 Acc.@t2 ∆(t1, t2) ∆
i→c(t1, t2) ∆

c→i(t1, t2)

Base model 52.6% 41.4% -11.2% 4.6% 15.8%
Self-Refine (Madaan et al., 2023) 52.8% 51.8% -1.0% 3.2% 4.2%
STaR w/ D+

StaR (Zelikman et al., 2022) 53.6% 54.0% 0.4% 2.6% 2.2%
Pair-SFT w/ DSFT (Welleck et al., 2023) 52.4% 54.2% 1.8% 5.4% 3.6%

SCoRe (Ours) 60.0% 64.4% 4.4% 5.8% 1.4%

Table 3: Performance of SCoRe on HumanEval. SCoRe attains the highest self-correction performance
(Accuracy@t2, ∆(t1, t2)), and also outperforms other methods at offline correction (MBPP-R).

Method MBPP-R Acc.@t1 Acc.@t2 ∆(t1, t2) ∆
i→c(t1, t2) ∆

c→i(t1, t2)

Base model 47.3% 53.7% 56.7% 3.0% 7.9% 4.9%
Self-Refine 30.7% 53.7% 52.5% -1.2% 9.8% 11.0%
Pair-SFT 59.8% 56.1% 54.3% -1.8% 4.3% 6.1%

SCoRe (Ours) 60.6% 52.4% 64.6% 12.2% 15.2% 3.0%

samples on MBPP (Austin et al., 2021). At the second attempt, we utilize an instruction that does
not reveal the correctness of the previous answer, but asks the model to attempt to deduce whether a
mistake exists in its first attempt response, and if so, potentially rewrite its response. Our full prompts
and self-correction instructions can be found in Appendix C.

Baselines & comparisons. We compare SCoRe to relevant prior approaches based on prompting
or those that fine-tune only a single model for both solving the task and for revising responses,
and only use self-generated data. Specifically, we compare to Self-Refine (Madaan et al., 2023),
a representative prompting-based approach to elicit self-correction behaviors from a model, akin
to Reflexion (Shinn et al., 2023). Among the fine-tuning based approaches, we compare to Pair-
SFT based on the approach from Welleck et al. (2023), and multi-turn STaR (Zelikman et al.,
2022; Singh et al., 2023) that fine-tune the model by maximizing log-likelihood respectively on
synthetically-paired repair traces (Pair-SFT) and successful repair traces (STaR).

6.1 BENCHMARK RESULTS

MATH. Our results are shown in Table 2, as well as in Figure 1. SCoRe exhibits substantially
stronger performance on both direct and self-correction accuracies relative to baselines. Notably, the
intrinsic self-correction gain ∆(t1, t2) of 4.4% is the first significantly positive delta, despite having
fewer incorrect problems to correct by virtue of its higher Accuracy@t1. Relative to the base model
Gemini 1.5 Flash, SCoRe improves ∆(t1, t2) by 15.6%, and Accuracy@t2 by 23.0%, and over the
next best prior approach, Pair-SFT, by 10.2% and 2.6% respectively. By observing the frequency
of problems that change from incorrect in the first attempt to correct in the second attempt and vice
versa, we see that SCoRe both improves the rate at which it fixes incorrect answers (14.5%, compared
to 9.5% for base) and reduces the proportion of correct answers it changes (15.8% to 1.4%).

Code generation. Our results for the code generation task are shown in Table 3. Generally, we find
that SCoRe achieves both improved self-correction and offline repair performance. For MBPP-R (Ni
et al., 2024), we find that SCoRe improves the base model from 47.3% to 60.6%, which is comparable
to the gap between GPT-3.5 (43%) and GPT-4 (63.2%). Despite only training on MBPP, we find
that SCoRe is especially effective at generalizing to HumanEval, achieving a 12.2% intrinsic self-
correction delta, or 9% higher than the base model. By contrast, Pair-SFT works nearly as well on the
static repair task MBPP-R, but actually degrades the base model when evaluated in the self-correction
setting, thus underscoring the importances of on-policy sampling for self-correction.

6.2 INFERENCE-COMPUTE SCALING WITH SELF-CORRECTION

Next, we investigate if SCoRe can be used in conjunction with inference-time compute scaling
strategies. To do so, we evaluate self-consistency decoding (Wang et al., 2022), where we sample a
diverse set of solutions, and then select the most consistent answer among these solutions. Typically,
the default strategy is to sample all solutions in parallel to perform majority voting. However, we
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Table 4: Ablation studies to understand the impact of various components in SCoRe. Observe that while
single-turn training is effective at optimizing the first-attempt accuracy of the model, it leads to degradation in
the second attempt. The performance improvements without Stage I or without reward shaping in SCoRe are
small when measured by the difference in accuracy over the two attempts. Utilizing STaR generally leads to
worse performance even when it is run from an effective Stage I checkpoint.

Method Accuracy@t1 Accuracy@t2 ∆(t1, t2)

SCoRe (Ours) 60.0% 64.4% 4.4%
w/o multi-turn training 61.8% 59.4% -2.4%
w/o Stage I 59.2% 61.4% 2.2%
w/o reward shaping 60.0% 62.6% 2.6%
w/ STaR instead of REINFORCE Stage II 56.2% 58.4% 2.2%
w/o online turn 1 samples 60.4% 60.6% 0.2%

show in Figure 1 (right) that instead of sampling 2K solutions in parallel, it is more compute-efficient
to sample K solutions in parallel, then perform one round of self-correction on each solution. With
32 solution budget per problem, parallel sampling shows a 7.4% accuracy gain, while combining it
with sequential sampling using self-correction yields a 10.5% improvement.

6.3 ABLATION STUDIES: UNDERSTANDING THE IMPACT OF SCoRe COMPONENTS

Finally, we also present a number of ablation studies to understand the importance of various
components in SCoRe. We perform these ablations on the MATH dataset. Concretely, we aim to
answer the following questions: (1) the importance of multi-turn training: Can RL trained to
maximize single-turn performance achieve better accuracy@t1 or accuracy@t2?; (2) the importance
of multi-stage training: How essential is Stage I to SCoRe? In other words, why not run Stage II
directly?; (3) the impact of reward shaping. How would removing the reward shaping terms affect
performance of SCoRe in Stage II, assuming Stage I was done identically?; (4) the importance of
on-policy RL: What if we replaced REINFORCE in Stage II with STaR?.

The results of all of these ablation experiments are shown in Table 4. As expected, single-turn training
improves turn 1 performance, but has negative ∆(t1, t2). As shown in Figure 5, Stage I is critical to
SCoRe; without it, the model achieves 2% lower ∆(t1, t2) and 3% lower accuracy@t2. Similarly,
we find that removing reward shaping also hurts performance, indicating that the RL objectives in
both stages play a significant role in teaching the self-correction behavior. We also find that replacing
REINFORCE with STaR in Stage II results in significantly lower absolute performance with no
visible improvements in self-improvement performance, which contrasts with the findings in Havrilla
et al. (2024a) that STaR and on-policy RL have similar convergence rates for single-turn RL. This
suggests that leveraging on-policy samples is especially critical in the self-correction setting, which
presents a multi-turn problem that admits potentially spurious solutions.

7 DISCUSSION, LIMITATIONS, AND CONCLUSION

In this work, we investigated how to imbue LLMs with self-correction behavior that enables them
to correct their own responses on the fly. To accomplish this, we proposed SCoRe, a multi-turn
RL approach, and demonstrated through extensive evaluations that it is one of the first methods to
attain significantly positive intrinsic self-correction performance. To do so, we rigorously analyzed
the behavior of various SFT approaches and identified failure modes in which the model learns a
non-correcting strategy (e.g. learning to make no edits; behavior collapse) or falls prey to distribution
shift. SCoRe trains a self-correcting strategy by utilizing a two-stage design and reward shaping,
both of which help preventing behavior collapse into not learning effective self-corrective behavior.
SCoRe has limitations that also provide avenues for future work. We did not train SCoRe for more
than one round of iterative self-correction due to infrastructural reasons, which means that subsequent
rounds may not be as effective as the first. Future work should train with more than two attempts via
RL, which is already a common and effective practice to obtain effective self-correction behavior
over more than two rounds with SFT (Snell et al., 2024; Qu et al., 2024). Unifying Stages I and II
would also be interesting, since it would alleviate the limitation of running multiple runs. Finally,
our results suggest that learning meta-strategies (e.g., self-correction) might require going beyond
standard LLM fine-tuning (Section 4), and incorporate regularization (e.g., progress reward).
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Reproducibility Statement. We aimed to include both the high-level and low-level details of our
method, including all hyperparameters that we use in Appendix B. Our training and evaluations
are performed on open-source benchmarks: MATH (Hendrycks et al., 2021), MBPP (Austin et al.,
2021), and HumanEval (Chen et al., 2021), with all specific prompts used in Appendix C. We have
also added new results with the open Gemma 2 model as well to facilitate reproducibility. Our RL
algorithms and infrastructure simply extends the methodology of Ahmadian et al. (2024) to multi-turn
settings with relatively simple modifications. We believe that these details will enable practitioners to
implement these ideas on open-source models. While we cannot release our fine-tuned models, we
hope our detailed descriptions should help the research community replicate our findings.
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Appendices
A ADDITIONAL EXPERIMENTS

A.1 GEMMA EXPERIMENTS

Table 5: Evaluation on MATH..

Approach Acc.@t1 Acc.@t2 Acc.@t3

Base model 16.8% 16.8% 17.0%
SCoRe Stage 1(a) 17.6% 20.0% 19.8%
SCoRe Stage 1(b) 16.6% 18.4% 23.2%
SCoRe Stage 2 23.0% 24.0% 24.0%

Table 6: Evaluation on Functional MATH.

Approach Acc.@t1 Acc.@t2 Acc.@t3

Base model 21.4% 20.7% 20.9%
SCoRe Stage 1(a) 17.5% 20.3% 20.9%
SCoRe Stage 1(b) 17.7% 20.4% 24.8%
SCoRe Stage 2 23.4% 25.7% 25.6%

Table 7: Evaluation on MathOdyssey..

Approach Acc.@t1 Acc.@t2 Acc.@t3

Base model 4.1% 3.9% 3.6%
SCoRe Stage 1(a) 3.1% 3.1% 3.4%
SCoRe Stage 1(b) 2.3% 2.8% 4.1%
SCoRe Stage 2 3.9% 5.2% 5.7%

We conduct additional evaluations of SCoRe on the open-source 2B Gemma 2 model (Team et al.,
2024). We find that SCoRe is able to significantly boost the self-correction performance of the
Gemma model, as shown in Table 5. All of the above tables evaluate performance of SCoRe on
Gemma 2 models including results on out-of-distribution evaluation benchmarks.

Multi-turn training. We consider an extension of SCoRe to multiple turns as follows. In the
three-turn section, we break Stage 1 into two sub-stages, say Stage 1(a) and Stage 1(b), with Stage 2
remaining unchanged. In Stage 1(a), the model is trained to maximize reward at the second attempt
while keeping the first attempt close to the base model. Stage 1(b) repeats this process but for
maximizing reward at the third attempt, while keeping the first two attempts close to the model
obtained from Stage 1(a). Abstractly, with more than two attempts possible, Stage 1 iteratively
optimizes each attempt to maximize reward while keeping previous attempts constrained to the base
model. This way we are able to avoid collapse of each stage and address distribution shifts over
multiple attempts. Stage 2 then proceeds as usual, optimizing the reward across all attempts and
applying reward bonuses to incentivize improvement over the previous attempt.

In Tables 5,6, 7, we show a direct comparison of SCoRe Stage 1(a) and Stage 1(b). On all benchmarks,
Stage 1(a) boosts the self-correction performance of turns 1 and 2, but does not lead to large
improvements at turn 3. By contrast, Stage 1(b) is able to further improve the performance of turn 3,
suggesting that our method can be generalized to beyond two turns.

Heldout datasets. We additional benchmark the performance of SCoRe on Functional Math and
MathOdyssey, two variants of mathematical problem-solving datasets (Srivastava et al., 2024; Fang
et al., 2024). We find that the self-correction improvements generalize to these datasets, including the
highly-difficult benchmark of MathOdyssey.
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A.2 PERFORMANCE OF SCoRe BY PROBLEM DIFFICULTY
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Figure 7: Performance of SCoRe by problem difficulty.

We additionally analyze the performance of SCoRe on the MATH 500 benchmark broken down by
problem difficulty, with results shown in Figure 7. We find that SCoRe is able to achieve mistake-
free self-correction on the easiest levels (Levels 1 and 2), and achieves a relatively similar positive
self-correction rate on both medium and difficult questions (Levels 3-5).

A.3 EVALUATION ON MULTIPLE ATTEMPTS
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Attempt
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cy

Base model
Pair-SFT
SCoRe

Figure 8: Performance of the base model, Pair-SFT, and SCoRe over 10 attempts on MATH.

We investigate the performance of various models when asked to iteratively self-correct over multiple
attempts, despite only being trained over two attempts (or not at all, in the case of the base model).
As shown in Figure 8, we find that the performance of the base Gemini 1.5 Flash model is quite noisy,
but never surpasses that of the first attempt. Similarly, Pair-SFT does not improve past the second
attempt. By contrast, the performance of SCoRe increases slightly past two turns, although it does
plateau likely because the distribution over responses shifts quickly as more revision attempts are
performed . We leave improving the scaling properties of self-correction, a form of meta-learning, to
future work.

A.4 REWARD FUNCTION DESIGN

We clarify the reward function used in SCoRe in Figure 9.

In all of our experiments, we used only the instantaneous reward in our policy gradient objective,
which is equivalent to returns with discount factor γ = 0. We additionally investigated whether
leveraging γ > 0, in conjunction with reward shaping, can elicit self-correction paper. As presented
in Figure 10, we find that with γ = 0.8 and α = 1.0, multi-turn RL still suffers from the same
non-correcting behavior collapse as the standard multi-turn RL approach.
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Foundation model

prompt (x)

response (y)

Stage I: Train an initialization for self-correction Stage II: Run Multi-turn RL with reward shaping

Foundation model trained with SCoRe

first attempt (y1) second attempt (y2)

prompt (x)

Reward for 
attempt 2 only 
applied here

Constrain to 
base model

Shaped reward 
only applied here

Maximize reward for 
only first attempt

Foundation model trained with SCoRe
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prompt (x)

Optionally interleave stages

Figure 9: A simple illustration showing reward values used to multiply different sub-sequences of tokens
in SCoRe. Note that the first attempt is always multiplied by its own correctness reward in Stage 2 and the
reward shaping is only applied to the second attempt. In Stage 1, the first attempt response is constrained to that
of the base model, while the second attempt is trained to optimize its own correctness reward.
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Figure 10: Impact of discount factor of γ on standard multi-turn RL training.

A.5 WHY CAN SELF-CORRECTION HELP CONCEPTUALLY?

One co intuition for why self-correction should improve performance over simply maximizing first-
attempt performance is that model performance should increase as it is able to leverage more tokens
(analogously to how LLM reasoning performance increases with higher depths (Ye. at al 2024)), i.e.,
self-correction is able to benefit from test-time token budgets.

Alternatively, from RL literature, one could theoretically characterize self-correction policies under
the notion of adaptive policies. These adaptive policies condition action predictions not only on the
current state but also on past attempts or previous episodes. It is known in the RL literature that such
adaptive policies especially excel in generalization settings. For example, the benefits of adaptive
policies are studied in this paper: https://arxiv.org/abs/2107.06277. The sequential classification
setting in this paper is conceptually similar to self-correction (though not the same).

B ADDITIONAL EXPERIMENT DETAILS

Table 8: Hyperparameters for SCoRe on MATH (left) and MBPP (right)

Hyperparameter Value
Base model Gemini 1.5 Flash
Optimizer Adam
Learning rate 5e-6
Training steps 3000
Batch size 512
Sampling temperature 1.0
α 10
β1 0.01
β2 0.1

Hyperparameter Value
Base model Gemini 1.0 Pro
Optimizer Adam
Learning rate 1e-5
Training steps 1500
Batch size 128
Sampling temperature 1.0
α 10
β1 0.01
β2 0.25
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Base model

Stage 1: Train the model 
to decouple attempts

Stage 2: Train the model 
to optimize reward 

Behavior collapse if optimized naively

Avoid behavior collapse by keeping first attempt close to 
base model and improving second attempt

Optimize reward of each turn. Avoid behavior 
collapse via reward-shaping.

SFT Online 
Multi-Turn RL

Behavior collapse and 
distribution shift

Figure 11: The flowchart that explains our chain of logic guiding the inclusion of each component of
SCoRe.

We include the hyperparameters used for training SCoRe in Table 8.

C PROMPTS

MATH Zero-shot Prompt
You are a math expert. When you respond, respond only with the Solution of the final Problem, thinking step
by step. At the end of the Solution, when you give your final answer, write it in the form "Final Answer: The
final answer is $answer$. I hope it is correct."

MATH Self-Correction Instruction
There might be an error in the solution above because of lack of understanding of the question. Please correct
the error, if any, and rewrite the solution. Only output the final solution! At the end of the Solution, when you
give your final answer, write it in the form "Final Answer: The final answer is $answer$. I hope it is correct."

MBPP 3-shot Prompt
You are an expert Python programmer, and here is your task: Write a function to find the similar elements
from the given two tuple lists. Your code should pass these tests:

assert similar_elements((3, 4, 5, 6),(5, 7, 4, 10)) == (4, 5)
assert similar_elements((1, 2, 3, 4),(5, 4, 3, 7)) == (3, 4)
assert similar_elements((11, 12, 14, 13),(17, 15, 14, 13)) == (13, 14)

[BEGIN]

def similar_elements(test_tup1, test_tup2):
res = tuple(set(test_tup1) & set(test_tup2))
return (res)

[DONE]
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You are an expert Python programmer, and here is your task: Write a python function to identify non−prime
numbers. Your code should pass these tests:

assert is_not_prime(2) == False
assert is_not_prime(10) == True
assert is_not_prime(35) == True

[BEGIN]

import math
def is_not_prime(n):

result = False
for i in range(2,int(math.sqrt(n)) + 1):

if n % i == 0:
result = True

return result

[DONE]

You are an expert Python programmer, and here is your task: Write a function to find the largest integers from
a given list of numbers using heap queue algorithm. Your code should pass these tests:

assert heap_queue_largest( [25, 35, 22, 85, 14, 65, 75, 22, 58],3)==[85, 75, 65]
assert heap_queue_largest( [25, 35, 22, 85, 14, 65, 75, 22, 58],2)==[85, 75]
assert heap_queue_largest( [25, 35, 22, 85, 14, 65, 75, 22, 58],5)==[85, 75, 65, 58, 35]

[BEGIN]

import heapq as hq
def heap_queue_largest(nums,n):

largest_nums = hq.nlargest(n, nums)
return largest_nums

[DONE]

MBPP/HumanEval Self-Correction Instruction
# There might be an error in the code above because of lack of understanding of the question. Please correct
the error, if any, and rewrite the solution. Only output the final correct Python program!

D QUALITATIVE ANALYSIS OF SCoRe
We also perform a qualitative investigation into how SCoRe addresses the self-repair shortcomings of
base LLMs, and provide several examples in Appendix E. We find that SCoRe is able to refine its
own responses in a variety of manners - rewriting the entire solution when necessary, or reproducing
the correct parts of the solution, while revising the incorrect ones. For the latter, we interestingly
find that SCoRe is especially adept at revising its computational mistakes, and even demonstrates
a bias towards showing more steps in certain computations and manipulations in order to increase
its probability of producing a correct answer. We additionally observe that the model learns to
occasionally self-correct within a turn, e.g. MATH example 4.

E EXAMPLES OF SCoRe SELF-CORRECTION

HumanEval Example 1
Problem:
def cycpattern_check(a , b):

"""You are given 2 words. You need to return True if the second word or any of its rotations is a substring
in the first word

cycpattern_check("abcd","abd") => False
cycpattern_check("hello","ell") => True
cycpattern_check("whassup","psus") => False
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cycpattern_check("abab","baa") => True
cycpattern_check("efef","eeff") => False
cycpattern_check("himenss","simen") => True

"""

Turn 1 solution (incorrect):
def cycpattern_check(a , b):

"""You are given 2 words. You need to return True if the second word or any of its rotations is a substring
in the first word

cycpattern_check("abcd","abd") => False
cycpattern_check("hello","ell") => True
cycpattern_check("whassup","psus") => False
cycpattern_check("abab","baa") => True
cycpattern_check("efef","eeff") => False
cycpattern_check("himenss","simen") => True

"""
for i in range(len(b)):

if a.find(b[i:])!=−1:
return True

return False

Turn 2 solution (correct):
def cycpattern_check(a , b):

"""You are given 2 words. You need to return True if the second word or any of its rotations is a substring
in the first word

cycpattern_check("abcd","abd") => False
cycpattern_check("hello","ell") => True
cycpattern_check("whassup","psus") => False
cycpattern_check("abab","baa") => True
cycpattern_check("efef","eeff") => False
cycpattern_check("himenss","simen") => True

"""
for i in range(len(b)):

rotated_b = b[i:] + b[:i]
if a.find(rotated_b) != −1:

return True
return False

HumanEval Example 2
Problem:
def even_odd_count(num):

"""Given an integer. return a tuple that has the number of even and odd digits respectively.

Example:
even_odd_count(−12) ==> (1, 1)
even_odd_count(123) ==> (1, 2)

"""

Turn 1 solution (incorrect):
def even_odd_count(num):

"""Given an integer. return a tuple that has the number of even and odd digits respectively.

Example:
even_odd_count(−12) ==> (1, 1)
even_odd_count(123) ==> (1, 2)

"""
even_count = 0
odd_count = 0
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for digit in str(num):
int_digit = int(digit)
if int_digit % 2 == 0:

even_count += 1
else:

odd_count += 1

return even_count, odd_count

Turn 2 solution (correct):
def even_odd_count(num):

"""Given an integer. return a tuple that has the number of even and odd digits respectively.

Example:
even_odd_count(−12) ==> (1, 1)
even_odd_count(123) ==> (1, 2)

"""

even_count = 0
odd_count = 0

for digit in str(abs(num)):
int_digit = int(digit)
if int_digit % 2 == 0:

even_count += 1
else:

odd_count += 1

return even_count, odd_count
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MATH Example 1

Problem. Let A be a matrix such that

A
⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
=

⎛
⎜
⎝

2
4
−3

⎞
⎟
⎠

and A
⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠
=

⎛
⎜
⎝

0
−5
−5

⎞
⎟
⎠
.

Find A
⎛
⎜
⎝

−13
3
4

⎞
⎟
⎠
.

SCoRe turn 1 solution (incorrect). We can write

⎛
⎜
⎝

−13
3
4

⎞
⎟
⎠
= a

⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
+ b

⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠

for some scalars a and b. Solving the system of equations

3a − 5b = −13,

a + 2b = 3,

2b = 4,

we find a = −1 and b = 2. Therefore,

A
⎛
⎜
⎝

−13
3
4

⎞
⎟
⎠
= A

⎛
⎜
⎝
−1

⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
+ 2

⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠
⎞
⎟
⎠
= −1A

⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
+ 2A

⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠
= −1

⎛
⎜
⎝

2
4
−3

⎞
⎟
⎠
+ 2

⎛
⎜
⎝

0
−5
−5

⎞
⎟
⎠
=

⎛
⎜
⎝

−2
−14
−13

⎞
⎟
⎠
.

Final Answer: The final answer is
⎛
⎜
⎝

−2
−14
−13

⎞
⎟
⎠

. I hope it is correct.

SCoRe turn 2 solution (correct). We can write

⎛
⎜
⎝

−13
3
4

⎞
⎟
⎠
= a

⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
+ b

⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠

for some scalars a and b. This gives us the system of equations:

3a − 5b = −13,

a + 2b = 3,

2b = 4.

Solving the third equation, we get b = 2. Substituting into the second equation, we get a = −1. We can
check that these values of a and b also satisfy the first equation.
Therefore,

A
⎛
⎜
⎝

−13
3
4

⎞
⎟
⎠
= A

⎛
⎜
⎝
−1

⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
+ 2

⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠
⎞
⎟
⎠
= −1A

⎛
⎜
⎝

3
1
0

⎞
⎟
⎠
+2A

⎛
⎜
⎝

−5
2
2

⎞
⎟
⎠
= −1

⎛
⎜
⎝

2
4
−3

⎞
⎟
⎠
+2

⎛
⎜
⎝

0
−5
−5

⎞
⎟
⎠
=

⎛
⎜
⎝

−2
−4
3

⎞
⎟
⎠
+
⎛
⎜
⎝

0
−10
−10

⎞
⎟
⎠
=

⎛
⎜
⎝

−2
−14
−7

⎞
⎟
⎠
.

Final Answer: The final answer is
⎛
⎜
⎝

−2
−14
−7

⎞
⎟
⎠

. I hope it is correct.

MATH Example 2

Problem. Simplify 1

5
⋅ 8

7
÷ 12

20
.

22



1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
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SCoRe turn 1 solution (incorrect). First, we can simplify the division by multiplying by the reciprocal
of the divisor:

1

5
⋅

8

7
÷

12

20
=

1

5
⋅

8

7
⋅

20

12
Next, we can simplify by canceling common factors:

1

5
⋅

8

7
⋅

20

12
=

1 ⋅ 8 ⋅ 20

5 ⋅ 7 ⋅ 12
=

1 ⋅ 2 ⋅ 4 ⋅ 5 ⋅ 4

5 ⋅ 7 ⋅ 2 ⋅ 6
=

4 ⋅ 4

7 ⋅ 6
=

2 ⋅ 2 ⋅ 2 ⋅ 2

7 ⋅ 2 ⋅ 3
=

2 ⋅ 2

7 ⋅ 3

Finally, we can multiply the remaining factors:

2 ⋅ 2

7 ⋅ 3
=

4

21

Final Answer: The final answer is 4

21
. I hope it is correct.

SCoRe turn 2 solution (correct).

1

5
⋅

8

7
÷

12

20
=

1

5
⋅

8

7
⋅

20

12
=

1 ⋅ 8 ⋅ 20

5 ⋅ 7 ⋅ 12
=

1 ⋅ 8 ⋅ 4 ⋅ 5

5 ⋅ 7 ⋅ 4 ⋅ 3
=

1 ⋅ 8

7 ⋅ 3
=

8

21

Final Answer: The final answer is 8

21
. I hope it is correct.

MATH Example 3

Problem. Suppose the polynomial

f(x) = anxn + an−1xn−1 +⋯+ a2x
2
+ a1x + a0

has integer coefficients, and its roots are distinct integers.
Given that an = 2 and a0 = 66, what is the least possible value of ∣an−1∣?

SCoRe turn 1 solution (incorrect). Let the roots of f(x) be r1, r2, . . . , rn. Then by Vieta’s formulas,

r1 + r2 + ⋅ ⋅ ⋅ + rn = −
an−1
an

= −
an−1

2
.

Since the roots are distinct integers, r1 + r2 + ⋅ ⋅ ⋅ + rn is an integer. Thus, an−1 must be even.
Also,

r1r2 . . . rn =
(−1)na0
an

=
(−1)n ⋅ 66

2
= (−1)n ⋅ 33.

Since the roots are integers, r1r2 . . . rn is an integer. Thus, n must be odd.
Since n is odd, the sum of the roots is an integer, and an−1 is even, the least possible value of ∣an−1∣ is
2 .

Final Answer: The final answer is 2. I hope it is correct.

SCoRe turn 2 solution (correct). Let the roots of f(x) be r1, r2, . . . , rn. Then by Vieta’s formulas,

r1 + r2 + ⋅ ⋅ ⋅ + rn = −
an−1
an

= −
an−1

2
.

Since the roots are distinct integers, r1 + r2 + ⋅ ⋅ ⋅ + rn is an integer. Thus, an−1 must be even.
Also,

r1r2 . . . rn =
(−1)na0
an

=
(−1)n ⋅ 66

2
= (−1)n ⋅ 33.

Since the roots are integers, r1r2 . . . rn is an integer. Since 33 has a factor of 11, one of the roots must
be a multiple of 11. Furthermore, since the roots are distinct integers, the product of the roots must be a
multiple of 33.
We want to minimize ∣an−1∣, which is the absolute value of the sum of the roots. To do this, we can try
to make the sum of the roots as close to zero as possible.
Since the product of the roots is ±33, we can consider the following cases:
* **Case 1:** n = 3 and the roots are −11, 1, and 3. In this case, the sum of the roots is −7, and
∣an−1∣ = 14.
* **Case 2:** n = 5 and the roots are −11, −3, −1, 1, and 3. In this case, the sum of the roots is −11,
and ∣an−1∣ = 22.
* **Case 3:** n = 7 and the roots are −11, −3, −1, 1, 3, 5, and 7. In this case, the sum of the roots is
−11, and ∣an−1∣ = 22.
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1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
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We can continue this pattern, but we notice that the absolute value of the sum of the roots keeps
increasing. Therefore, the least possible value of ∣an−1∣ is 14 .
Final Answer: The final answer is 14. I hope it is correct.

MATH Example 4

Problem. Find the minimum value of

(x + 5)(x + 2)
x + 1

for x > 0.

SCoRe turn 1 solution (incorrect). We can write

(x + 5)(x + 2)
x + 1

=
x
2 + 7x + 10

x + 1

=
(x2 + 7x + 10) − (x2 + x)

x + 1

=
6x + 10

x + 1

=
(6x + 6) + 4

x + 1

= 6 +
4

x + 1
.

Since x > 0, x + 1 > 1, so 4

x+1
< 4. Therefore,

(x + 5)(x + 2)
x + 1

< 6 + 4 = 10.

Equality occurs when x = 0, so the minimum value is 6 .
Final Answer: The final answer is 6. I hope it is correct.

SCoRe turn 2 solution (correct). We can write

(x + 5)(x + 2)
x + 1

=
x
2 + 7x + 10

x + 1

=
(x2 + x) + (6x + 6) + 4

x + 1

=
x(x + 1) + 6(x + 1) + 4

x + 1

=
(x + 1)(x + 6) + 4

x + 1

= x + 6 +
4

x + 1
.

Since x > 0, x + 1 > 1, so 4

x+1
< 4. Therefore,

(x + 5)(x + 2)
x + 1

> x + 6.

Since x > 0, x + 6 > 6. Thus, the minimum value is greater than 6.
Furthermore, as x increases, the term 4

x+1
decreases, so the expression (x+5)(x+2)

x+1
decreases. Therefore,

the minimum value occurs when 4

x+1
is as large as possible, which occurs when x is as small as possible.

Since x > 0, the minimum value is

6 +
4

0 + 1
= 10.

Equality occurs when x = 0, but this contradicts the condition x > 0. Therefore, the minimum value
does not exist.
We made an error in assuming that the minimum value occurs when 4

x+1
is as large as possible. Instead,

we should minimize the entire expression. Since x > 0, the term 4

x+1
is always positive. Therefore, the

minimum value occurs when x + 6 + 4

x+1
is as small as possible.
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1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
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By AM-GM,

x + 6 +
4

x + 1
= (x + 1) + 4

x + 1
+ 5 ≥ 2

√
(x + 1) ⋅ 4

x + 1
+ 5 = 9.

Equality occurs when (x+ 1) = 4

x+1
, so x2 + 2x+ 1 = 4, which means x2 + 2x− 3 = 0. This factors

as (x + 3)(x − 1) = 0, so x = 1 (since x > 0).
Therefore, the minimum value is 9 .
Final Answer: The final answer is 9. I hope it is correct.

MATH Example 5

Problem. Four points, A, B, C, and D, are chosen randomly and independently on the circumference
of a circle. What is the probability that segments AB and CD intersect?

SCoRe turn 1 solution (incorrect). The segments AB and CD will intersect if and only if the points
A, B, C, and D appear in alternating order around the circle. There are 4! ways to order the points,
and 2 ways to divide the points into two pairs. Therefore, the probability that the segments intersect is
2

4!
=

2

24
=

1

12
.

Final Answer: The final answer is 1

12
. I hope it is correct.

SCoRe turn 2 solution (correct). The segments AB and CD will intersect if and only if the points A,
B, C, and D appear in alternating order around the circle. Without loss of generality, let’s assume that
A is the first point chosen. Then, there are three possible cases for the placement of B:
* **Case 1:** B is placed in the arc between A and C. In this case, C and D can be placed anywhere
on the remaining circumference, and the segments will not intersect. * **Case 2:** B is placed in the
arc between A and D. In this case, C and D can be placed anywhere on the remaining circumference,
and the segments will not intersect. * **Case 3:** B is placed in the arc between C and D. In this
case, the segments AB and CD will intersect.
The probability of Case 3 is 1

3
. Since the points are chosen independently, the probability that the

segments intersect is
1

3
.

Final Answer: The final answer is 1

3
. I hope it is correct.

MATH Example 6

Problem. The 7th and 8th grades have enrollments of 520 and 650 respectively. The two grades have a
total of 18 representatives on the Student Council. How many representatives should the 8th grade have
if there is to be a fair representation of the two grades?

SCoRe turn 1 solution (incorrect). The total enrollment of the two grades is 520 + 650 = 1170.
The ratio of 7th grade students to 8th grade students is 520/1170 = 52/117. The ratio of 7th grade
representatives to 8th grade representatives should be the same as the ratio of 7th grade students
to 8th grade students. Let x be the number of representatives for the 8th grade. Then the number
of representatives for the 7th grade is 18 - x. The ratio of 7th grade representatives to 8th grade
representatives is (18 - x)/x. Setting the two ratios equal, we have (18 - x)/x = 52/117. Cross-multiplying,
we get 117(18 - x) = 52x. Expanding, we get 2106 - 117x = 52x. Combining like terms, we get 2106 =
169x. Solving for x, we get x = 2106/169 = 12.47. Since we cannot have fractional representatives, we
round up to the nearest whole number.
Final Answer: The final answer is 13. I hope it is correct.

SCoRe turn 2 solution (correct). The ratio of 7th grade students to 8th grade students is 520/650 =
4/5. Since the two grades should have a fair representation on the Student Council, the ratio of 7th
grade representatives to 8th grade representatives should be the same as the ratio of 7th grade students
to 8th grade students, which is 4/5. Let x be the number of representatives for the 8th grade. Then the
number of representatives for the 7th grade is 18 - x. The ratio of 7th grade representatives to 8th grade
representatives is (18 - x)/x. Setting the two ratios equal, we have (18 - x)/x = 4/5. Cross-multiplying,
we get 5(18 - x) = 4x. Expanding, we get 90 - 5x = 4x. Combining like terms, we get 90 = 9x. Solving
for x, we get x = 10.
Final Answer: The final answer is 10. I hope it is correct.
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1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
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MATH Example 7

Problem. The sum of 27 consecutive positive integers is 3
7. What is their median?

SCoRe turn 1 solution (incorrect). The sum of an arithmetic series is equal to the average of the
first and last term, multiplied by the number of terms. Let the first term of the arithmetic series be
a, and the last term be l. Then the sum of the series is (a+l)⋅27

2
. Since the sum of the series is 3

7, we

have (a+l)⋅27
2

= 3
7. Simplifying, we get (a + l) = 3

7⋅2
27

= 3
4 ⋅ 2 = 162. Since the series consists of

consecutive integers, the median of the series is the middle term, which is the 14th term. The 14th term
of the series is a + 13, and the average of the first and last term is a+l

2
. Therefore, the median of the

series is a+l
2
+ 13

2
=

162

2
+ 13

2
=

175

2
.

Final Answer: The final answer is 87.5. I hope it is correct.

SCoRe turn 2 solution (correct). The sum of an arithmetic series is equal to the average of the first
and last term, multiplied by the number of terms. Let the first term of the arithmetic series be a, and
the last term be l. Then the sum of the series is (a+l)⋅27

2
. Since the sum of the series is 3

7, we have
(a+l)⋅27

2
= 3

7. Simplifying, we get (a + l) = 3
7⋅2
27

=
3
7⋅2
33

= 3
4 ⋅ 2 = 162.

Since the series consists of 27 consecutive integers, the average of the first and last term is equal to the
median of the series. Therefore, the median of the series is a+l

2
=

162

2
= 81.

Final Answer: The final answer is 81. I hope it is correct.
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