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Abstract
In this paper, we investigate and introduce a novel Llama-2 based model, fine-tuned with an original dataset
designed to mirror real-world mathematical challenges. The dataset was collected through a question-answering
platform, incorporating solutions generated by both rule-based solver and question answering, to cover a broad
spectrum of mathematical concepts and problem-solving techniques. Experimental results demonstrate significant
performance improvements when the models are fine-tuned with our dataset. The results suggest that the integration
of contextually rich and diverse problem sets into the training substantially enhances the problem-solving capability of
language models across various mathematical domains. This study showcases the critical role of curated educational
content in advancing AI research.
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1. Introduction

In the field of machine learning, the ability to solve
complex mathematical problems is often used as
a measure of a model’s reasoning abilities, under-
standing of natural language, and its capacity to
engage in abstract thinking. From the basic arith-
metic operations to more complex numerical chal-
lenges, the capacity of machine learning models to
navigate and resolve mathematical problems lays
the groundwork for advanced applications in fields
such as data analysis, and education. This signif-
icance is due to the fundamental nature of math-
ematics as a form of structured problem-solving.
The endeavor to enhance machine learning mod-
els’ capability in mathematical problem-solving is
driven by the dual goals of improving their analytical
capabilities and enabling them to handle real-world
tasks that require precise numerical computations.
This pursuit involves not only refining the models’
ability to understand and analyze numerical data
but also their capability to interpret contextual infor-
mation and properly apply mathematical concepts
in varied scenarios.

On the other hand, the advent of large language
models (LLMs) has marked a significant milestone
in demonstrating the potential of data-driven ap-
proaches. Numerous LLMs, such as GPT (OpenAI
et al., 2024), Gemini (Team et al., 2023), Llama-2
(Touvron et al., 2023; Rozière et al., 2024) and
Orca-2 (Mitra et al., 2023), have demonstrated
an ability to understand and generate human-like
text. They have achieved exceptional performance
across a variety of tasks, including mathematical
problem-solving. This capability arises from their
extensive training on diverse datasets, and sophisti-
cated training algorithms to process and learn from
the data. The remarkable performance of these

models has shown that with sufficiently many data,
it is possible to achieve levels of understanding and
interpreting capabilities that closely mimic human
cognitive processes.

Moreover, the scalability of large language mod-
els shows that their performance often improves
with the addition of more data. This phenomenon is
referred to as “scaling laws” (Johnson et al., 2018;
Kaplan et al., 2020; Fernandes et al., 2023; Isik
et al., 2024). This suggests that the limits of these
models’ capabilities are continually expanding, as
more data becomes available for training.

Similar approaches have been attempted in the
field of mathematical problem-solving. Llemma-2
(Azerbayev et al., 2023), part of the Llama-2 (Tou-
vron et al., 2023) series, have been trained on a
mixture of publicly available data, and achieved re-
markable performances in various mathematical
tasks (Hendrycks et al., 2021b; Cobbe et al., 2021a;
Lewkowycz et al., 2022; Hendrycks et al., 2021a).
Their performance enhancement implies that the
current transformer-based (Vaswani et al., 2023)
LLMs can learn mathematical induction from the
large corpus of data.

Another research stream of data-driven training
is to utilize several existing LLMs to synthesize new
datasets (Yu et al., 2023; Toshniwal et al., 2024;
Yue et al., 2023) or to teach other models (Burns
et al., 2023; Luo et al., 2023). Their primary aim
is to curate a variety of math problems with rich
step-by-step solutions, enabling a LLM to effec-
tively learn the logic underlying the progression of
mathematical steps.

In this work, we introduce a new model based
on Llama-2, trained using our dataset. Drawing
inspiration from previous research, we have col-
lected a novel dataset for math problem-solving.
Our dataset collection methodology ensures that it
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mirrors the distribution of mathematical challenges
encountered in the real world. This model demon-
strates consistent performance improvements on
math problem-solving tasks. To benchmark its per-
formance, we conducted evaluations of our trained
models against the MATH and GSM8k datasets
(Hendrycks et al., 2021b; Cobbe et al., 2021b). Fur-
ther analysis of our dataset’s composition reveals
that the observed performance improvements align
with its distribution. The alignment of our dataset’s
distribution with the performance improvements
suggests that performance could be further en-
hanced by expanding our data. This implies that
as we enrich our dataset with a broader range of
problems, the model’s ability to tackle diverse math-
ematical tasks is likely to improve. It highlights the
importance of a comprehensive dataset for optimiz-
ing performance in math problem-solving tasks.

2. Dataset Construction

To construct a dataset of math problems with ex-
planatory solutions, we have utilized our question
answering platform, 1QANDA. Our platform serves
as a math question-and-answer app, designed to
bridge the gap between students facing mathemat-
ical challenges and teachers equipped to provide
solutions. The interactive environment allows stu-
dents to pose math problems, to which the plat-
form’s network of qualified teachers responds with
detailed answers, explanations, and step-by-step
guidance. Since the math problems are originated
from the users who pose a question to the plat-
form, the distribution of the problems in our dataset
reflects the diverse mathematical challenges en-
countered by students. To secure the broader di-
versity in solutions, we have collected two distinct
types of solutions offered by the platform: question
answering and rule-based math solver.

2.1. Rule-based Math Solver
Similar to the Sympy (Meurer et al., 2017), a python
library for symbolic mathematics, the platform pro-
vides a solution to a mathematical problem ex-
pressed through symbolic expressions. By adopt-
ing a rule-based approach, the solver ensures a
high degree of accuracy and reliability, offering so-
lutions that mimic the methodical process a human
may use. Moreover, it offers step-by-step solutions
to the given problems, thereby enabling a deeper
understanding of the problem-solving process. By
leveraging the platform, we have obtained detailed
solutions, which demonstrate the procedural steps
involved in resolving complex mathematical expres-
sions.

1https://mathpresso.com/en

Problem :
Solve the equation x+ 3

x+ 2
− x

x− 2
=

5x

x2 − 4
Solution :

If a(x)
b(x) = c(x) is valid, it is

{
a(x) = b(x)c(x)

b(x) ̸= 05x =
(
x2 − 4

)(x+ 3

x+ 2
− x

x− 2

)
x2 − 4 ̸= 0

Simplify the expression{
5x = −x− 6

x2 − 4 ̸= 0

Solve a solution to x{
x = −1

x2 − 4 ̸= 0

Substitute x = −1{
x = −1

(−1)
2 − 4 ̸= 0

Therefore, x = −1

(a)

Problem :
Given two sets X = {−1, 0, 1} and Y =
{−2,−1, 0, 1, 2}, there exists a function f from
X to Y . For every element x in X, when xf(x)
is a constant function, what is the value of
f(1) + f(−1)?
Solution :
Given xf(x) is a constant function, we have
xf(x) = c. When x = 0, we have 0 · f(0) = 0.
Therefore, c = 0. Hence, for all x, we have
xf(x) = 0, which implies f(x) = 0. Therefore,
f(1) + f(−1) = 0 + 0 = 0.

(b)

Figure 1: Data points sampled from our dataset.
Given math problems, their solutions are collected
from either (a) rule-based math solver and (b) ques-
tion answering. Rule-base solver provides detailed
step-by-step solutions, while the other covers more
complex problems

The enriched datasets offer a substantial ad-
vantage in training LLMs. The detailed solutions
are inherently superior for training purposes since
they encompass an extensive range of information
about mathematical concepts and the procedures
involved in problem-solving (Lightman et al., 2023;
Wang et al., 2024). Such an approach ensures the
models not to estimate the mathematical reasoning
but to replicate the logical deductions required to
solve complex problems. Consequently, these en-
riched training datasets are instrumental in enhanc-
ing the capability of LLMs to solve mathematical

https://mathpresso.com/en
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Training
Procedure Prealg. Algebra Intermediate

Algebra
Number
Theory

Counting &
Probability Geometry Precalculus

Level 1
Llama + M 59.3 64.4 50.0 40.0 38.5 31.6 42.1
Llama + Q + M 73.3 79.3 63.5 43.3 69.2 55.3 61.4
Llemma + M 80.2 85.2 69.2 63.3 61.5 57.9 49.1
Llemma + Q + M 81.4 87.4 75.0 56.7 64.1 57.9 64.9

Level 2
Llama + M 48.0 49.3 17.2 21.7 25.7 30.5 15.0
Llama + Q + M 64.4 74.6 35.9 39.1 37.6 47.6 28.3
Llemma + M 63.3 67.7 25.0 22.8 34.7 39.0 29.2
Llemma + Q + M 70.1 73.1 38.3 37.0 40.6 45.1 35.4

Level 3
Llama + M 35.3 34.5 7.7 14.8 13.0 14.7 2.4
Llama + Q + M 53.6 55.9 14.9 24.6 29.0 25.5 10.2
Llemma + M 50.5 54.8 12.3 24.6 32.0 29.4 17.3
Llemma + Q + M 52.7 69.0 21.0 24.6 36.0 39.2 21.3

Level 4
Llama + M 26.7 17.3 7.3 9.2 7.2 10.4 3.5
Llama + Q + M 41.4 49.8 8.9 11.3 13.5 13.6 6.1
Llemma + M 38.2 34.3 7.7 17.6 13.5 15.2 6.1
Llemma + Q + M 46.1 48.1 12.9 17.6 16.2 24.0 7.0

Level 5
Llama + M 9.3 8.8 1.4 5.8 1.6 1.5 0.0
Llama + Q + M 17.6 21.2 2.1 5.2 5.7 1.5 1.5
Llemma + M 19.7 20.9 2.9 5.2 4.9 3.0 4.4
Llemma + Q + M 21.8 30.6 3.6 5.2 8.1 3.8 3.0

Overall
Llama + M 32.6 29.7 9.4 13.3 13.5 14.0 8.8
Llama + Q + M 47.1 51.3 15.1 19.1 24.5 21.9 16.3
Llemma + M 46.5 46.8 13.2 19.1 23.6 22.3 17.6
Llemma + Q + M 50.8 56.9 18.9 21.1 27.4 28.0 21.3

Table 1: Model performance across different mathematical domains. Models trained with our dataset
show better performance in most of the mathematical domains. In the training procedure, (+Q) denotes
fine-tuning with our dataset collected through QANDA, and (+M) denotes fine-tuning with Metamath
dataset

problems.
Figure 1 (a) describes an exemplar data instance.

In each step of the solution, the solver provides
a brief explanation of the related concept before
proceeding with the actual calculation.

2.2. Question Answering

Once a user pose a math problem, the platform
searches from the database and curate several
problem-solution pairs that match the query ques-
tion. The database is constructed to aid students
in understanding mathematical concepts. It makes
the obtained problem and solution to be intrinsically
educationally effective; the solutions are structured
and detailed. These educational characteristics,

such as providing step-by-step explanations and
highlighting the underlying mathematical principles,
benefit the training procedure of LLMs as well.

Figure 1 (b) describes an exemplar data instance
collected through question answering. Comparing
to data collected through rule-based math solver,
data pairs gathered through question-answering
mechanisms reveals a notable difference in the
complexity. The problems accumulated through
question answering tend to require more complex
procedures to solve. It is trivial since we can easily
compose a math problem with multiple expressions.
This complexity demands a deeper understanding
of mathematical concepts and longer deduction pro-
cess. In other words, the dataset collection through
question answering not only diversifies the range
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of problems in the dataset but also enriches it with
challenges that necessitates advanced problem-
solving strategies.

3. Experiments

3.1. Model Training
We fine-tuned Llama-2 7B (Touvron et al., 2023)
and Llemma-2 (Azerbayev et al., 2023) 7B with our
dataset. Each data instance is presented in the
following prompt:

Problem:{math problem}
Solution:{ground truth solution}

To computationally evaluate performance in math
problem solving, it is crucial for the model to gen-
erate an answer that is parsable. Unfortunately,
as illustrated in Figure 1, achieving this is funda-
mentally challenging within our dataset, given that
the solutions were not created in a fully controlled
environment. To address this issue, we further
fine-tuned our trained model using the Metamath
dataset (Yu et al., 2023), enabling the model to
learn the generation of well-formatted outputs. For
a fair comparison, both the Llama-2 and Llemma-
2 models were also trained using the Metamath
dataset, utilizing the prompt described earlier.

3.2. Evaluation
To verify the effectiveness of our dataset, we
evaluated the performance of MATH datasets
(Hendrycks et al., 2021b). MATH is a challeng-
ing dataset designed to evaluate the mathematical
problem-solving capabilities of machine learning
models. It covers a wide array of domains, includ-
ing prealgebrea, algebra, number theory, counting,
probability, geometry, intermediate algebra, and
precalculus.

Table 1 shows the performance of our approach.
We break down the dataset into domains and levels
to examine detailed characteristics and trends. In
the training procedure, +Q denotes fine-tuning with
our dataset collected through QANDA, and +M de-
notes fine-tuning with Metamath dataset. Note that
every model undergoes fine-tuning with Metamath
dataset in the end. The table distinctly demon-
strates that the fine-tuning with our dataset (+Q)
significantly improves the original performance, in-
dicating a considerable improvement.

Here, it is noteworthy to focus on the difference
between Llama+O and Llemma model. Llemma is
initialized with CodeLlama (Rozière et al., 2024),
and trained with dataset named Proof-Pile-2 (Azer-
bayev et al., 2023). The dataset is composed of
code (Kocetkov et al., 2022), mathematical content
from web (Paster et al., 2023), and scientific papers

Figure 2: Domain composition of our dataset

(Computer, 2023). Our dataset, on the other hand,
is fully composed of mathematical problems and
their solutions.

3.3. Composition of Our Dataset
Interesting trends emerge in Algebra and Precalcu-
lus. In Algebra, the Llama+Q+M model consistently
outperforms the Llemma+M model across all diffi-
culty levels, except for the easiest set (Level 1). In
contrast, within Precalculus, the Llemma+M model
consistently outperforms Llama+Q+M, again with
the exception of the easiest set. This suggests that
the Llemma model has a stronger grasp of con-
cepts in calculus, whereas the Llama+Q model is
more adept at handling algebraic problems. Since
the major difference between the two models is
their training data, it is reasonable to consider that
the trends implies the compositional difference be-
tween Proof-Pile-2 and our datasets. Although not
as pronounced as in the case of Precalculus, Ta-
ble 1 also exhibits similar trends within the Geome-
try and Number Theory domains.

To explore the relationship between dataset com-
position and model performance, we categorized
the instances in our dataset based on the domains
present in the MATH dataset. Figure 2 illustrates
our dataset’s composition, reflecting the aforemen-
tioned trends. The majority of our dataset is clas-
sified under Algebra, Prealgebra, or Intermediate
Algebra, whereas less than 10% of the samples
falling into the Precalculus category. Additionally,
Figure 2 shows that Geometry and Number Theory
are the lesser-represented domains in our dataset.
This distribution aligns with the observed perfor-
mance trends.

The optimistic outlook based on this trend is that
we could enhance performance in domains beyond
algebra simply by collecting more data. However,
this approach may potentially compromise alge-
bra’s performance.

3.4. Overall Performance
While our investigation primarily concentrated on
how the composition of our dataset affects the per-
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Models GSM8k MATH

MAmmoTH 53.6 31.5
Metamath 66.5 19.8
Llemma + M 69.2 30.0
Mistral + M 77.7 28.2
ToRA 68.8 40.1
Llama + Q + M 66.2 31.4
Llemma + Q + M 71.0 36.1

Table 2: Overall performance of various models

formance improvements within their correspond-
ing domain, we also validated our methodology
by assessing overall performance. For this exper-
iment, we incorporated the GSM8k(Cobbe et al.,
2021b) dataset. The GSM8k dataset consists of
grade school math problems that require two to
eight steps to solve, involving elementary-level cal-
culations through basic arithmetic operations. For
each model, we fixed their size as 7B.

Table 2 presents a comparison of the overall per-
formance between our method and other models.
It is important to note that the Metamath model is
identical to Llama+M in Table 1. For both datasets,
our model (Llemma+Q+M) achieves the second-
highest performance. Our model notably excels in
the MATH dataset over other models, with the ex-
ception of ToRA (Gou et al., 2024). Given that ToRA
employs a tool-augmented, multi-step method, our
findings highlight the efficacy of our data-driven
approach.

4. Conclusion

This study has highlighted the potential of data-
driven approaches to mimic and augment human
cognitive processes in structured problem domains.
By training a novel Llama-2 based model with a spe-
cially curated dataset reflective of real-world math-
ematical challenges, we have demonstrated signifi-
cant advancements in the model’s ability to tackle
complex numerical tasks across a variety of math-
ematical domains. Our dataset, constructed from
a unique blend of rule-based solutions and human-
generated answers via a question-answering plat-
form, has proven to be beneficial in achieving these
improvements. The performance of our model, es-
pecially when compared against the MATH dataset,
validates the efficacy of our dataset in enhancing
the analytical capabilities of LLMs. The findings
from this research suggest that the integration of
more diverse and complex datasets would result in
better performing models in mathematical domains.
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