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Abstract. This study evaluates the efficacy of OpenAl’s ChatGPT models,
GPT-3.5 and GPT-4, in programming and software development. A quantitative
approach was employed, using the Mostly Basic Python Problems (MBPP) dataset
to assess their ability to handle coding tasks.

Beyond direct evaluation, a comparative analysis was conducted to benchmark
ChatGPT against other large language models, including Google’s Bard and
Anthropic’s Claude. This analysis provided a broader perspective on ChatGPT’s
programming capabilities within the Al landscape.

The findings highlight ChatGPT’s advantages in coding tasks, demonstrating
its ability to enhance efficiency and productivity. Developers and researchers can
leverage these insights to integrate Al-driven solutions into software development.
Additionally, the study sheds light on key strengths and limitations of ChatGPT
compared to competing models, offering a foundation for further refinement of Al-
based coding assistants.

As Al continues to transform various industries, understanding its role in
programming becomes increasingly relevant. This research underscores ChatGPT’s
potential in optimizing workflows, fostering innovation, and streamlining software
development. By identifying areas for further improvement, it also contributes to
ongoing advancements in Al-driven programming tools.

Ultimately, this study serves as a valuable resource for Al researchers and
developers, guiding future improvements in language models and their applications
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in coding, automation, and broader technological advancements. The continuous
evolution of Al-powered programming tools promises to reshape software
development, making it more efficient and accessible.

Keywords: ChatGPT, GPT-3.5, GPT-4, Python programming, OpenAl,
Google’s Bard,Claude from Anthropic, Software Development, MBPP Dataset,
Performance, Comparative Analysis, Efficiency.
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Annoramus. by 3eprreyne OpenAl ChatGPT Monenbepinin, aran aiiTKaHa
GPT-3.5 sxone GPT-4-tiH, Oarmapiamanay MeH OarjgapiaMaliblK jKacaKrama
o3ipneyneri TriMautiri 6arananaapl. CaHIBIK ofiC KOJMIAHBUIBIN, HETi3iHeH Basic
Python Problems (MBPP) nepexrep >kuHAFBI apKbLIBI MOICTBACPIIH KOATAY
TarchIpMaliapblH  OpBIHAAY KaoOineri 3eprrenmi. Tikeneir Oaramaygan Oeiek,
ChatGPT-ti Google Bard >xone Anthropic Claude cuskrel Oacka na ipi Tinmix
MOJICTIBIEPMEH CaNlBICTBIpMaNbl Tanaay >Kyprisinmi. byn tanmay ChatGPT-tin
OarnmapiaManay MYMKIHIIKTepiH JKacaHIbl HMHTEIUIEKT OpTAachIHIAFhl Oacka
MOJIENIb/IEPMEH CaJBICTBIPA OTBHIPHIT, OHBIH OPHBIH aHBIKTayFa MYMKIHAIK Oepi.
Aneraran HoTmokenep ChatGPT-tin koaray TarchIpManapblH — OpPBIHIAYIAFbI
apTHIKIIBUIBIKTAPBIH KOPCETIN, OHBIH THIMJIUNIK TI€H OHIMIUIKTI apTThIpy
KaOineTiH monmenneiini. Osipieymizep MeH 3epTreyuriiep Oyl MaixiMeTTepai
YKacaH bl MHTEJUICKT HETI31HIeT1 IenrMaep/Ii OarapaaMalbiK xKacakTama a3ipiey
yAepiciHe eHri3y yiniH naijpanaHa anajabl. CoHbiMeH Kartap, 3eprrey ChatGPT-
TiH 0acekenec MOJICNbACPMEH CABICTBHIPFAaH/Ia HETi3ri apTHIKIIBLUIBIKTAPhl MEH
MIEKTEYJIePiH aHBIKTAIl, YXacaHIhl MHTCIUICKT HETi3IHICTI KOATAy KOMEKIIiIepiH
OJIaH dpi XKETUIIIpyTe HeTi3 Kalaiibl.

JKacanapl HHTEIIEKT SPTYPIIi canaiapasl TpaHCHOpMALUSUIIAY b JKaJIFACTBIPHIIT
KaTKaH/BIKTaH, OHBIH OaFaapiaManayqarbl PeJiiH TYCiHy OapFaH caliblH MaHbI3Ibl
oonyna. byn 3eprrey ChatGPT-TiH >KYMBIC TPOIECTEpPiH OHTAMJIAHIBIPYIAFhI,
WHHOBAIMSIIAP/Bl  BIHTANAHIBIPYAAFbl  JKOHE OarJapliamMaliblK —JKacaKTaMaHbl
o3ipmeymi keTinmipymeri omeyeTiH kepceremi. Compaii-ak, on  OoJarmakra
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KETUIPY/l KaXXeT €TEeTiH Heri3ri OarbITTap/bl aHBIKTAyFa KOMEKTECII, KacaH bl
WHTEIUICKT HETI3iHJeri Oarmapiamanay KypailapblHbIH Y3/HiKCi3 JaMyblHA YJIec
Kocajpl. KopbIThIHIBLIAN Kee, OyI1 3epTTey KacaH bl HHTEIUICKTTI 3epTTeyLIiiep
MEH d3ipieyiiep YiiH KyHabl pecypc 0ombin Ta0binaasl. O TUIIIK MOIeIbAep I
’KOHE oNapiblH OaraapiaMalay, aBTOMATTAaHABIPY JKOHE TEXHOJOTHSUIBIK AaMy
caanapblHIaFrsl KOJIaHBUTYBIH JKETUIAIpyTe BIKNaN eTemdi. JKacaHapl WHTEIUIeKT
Heriziggeri Oarmapnamanay KYpaJJapblHBIH SBOJIOLMUSACHI  OaFaapliaMalibIk
KacakTama 93ipiey yAepiCiH HeFYPIIBIM THIMIII 9pi KOJDKETIMIIi €Te OTBIPHIIT, OHBI
’KaHa JeHreire KoTepyre bIKIal eTe/i.

Tyiiin ce3gep: ChatGPT, GPT-3.5, GPT-4, Python Garmapnamanay, OpenAl,
Google Bard, Anthropic’s Claude, Garnapnamanslk sxkacakTama xacay, MBPP
JepeKTEeP KUBIHTHIFBI, OHIMILTIK, CATBICTRIPMATBI TAIAY, THIMIITIK.
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AHHoTanusi. B sToM uccnenoBanum oueHuBaeTcs 3PQGEKTUBHOCTb MOAEIeH
OpenAl ChatGPT, GPT-3.5 u GPT-4, B mporpammupoBaHud U pa3paboTke
nporpaMMHOro oOecrnedeHusl. BbUT NpUMEHEH KOJNMYECTBEHHBIM TOAXOO, B
OCHOBHOM C HCIOJb30BaHHEM HaOopa naHHbIX Basic Python Problems (MBPP)
JUIS1 OLCHKH UX CIIOCOOHOCTH CHPABIATHCS € 331a9aMH KOAMPOBAHHMS.

[loMmumo mpsiMON OLIEHKH, OB MPOBEACH CPAaBHUTEIBbHBIM aHaIN3, YTOOBI
cpaBauTh ChatGPT ¢ apyruMu KpyImHBIMH SI3bIKOBBIMH MOJAEISIMH, BKITIOUast
Google Bard u Anthropic Claude. DToT aHanmu3 MO3BOIMI MHOIYyYUTH Oosiee
LIMPOKOE TPEJCTABICHUE O BO3MOXKHOCTAX mnporpammupoBanus ChatGPT B
Cpeie HCKYCCTBEHHOTO HHTeulekTa. llomydeHHble pe3ynbTaThl MOJYEPKHBAIOT
npeumyiiectBa ChatGPT B 3amayax nporpaMMHpOBaHHS, JIEMOHCTPHPYS €ro
CIOCOOHOCTh MOBBIMATE 3()(EKTUBHOCTh M NPOLYKTUBHOCTB. Pa3paboTumku
W HCCIIEAO0BAaTeId MOTYT HCIOJIB30BATh 3TH 3HAHUS Ul MHTErPalMi PEIICHHM,
OCHOBAaHHBIX Ha HCKYCCTBEHHOM HHTEIUIEKTE, B Pa3pabOTKy MNpPOrpaMMHOIO
obecrieueHusl.
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Kpome Toro, mccienoBanue MpoMBaeT CBET Ha KIFOUEBBIC MPEUMYIIECTBA U
orpannueamst ChatGPT mo cpaBHEHUIO ¢ KOHKYPHPYIOITIMH MOJICIISIMU, TIpeiaras
OCHOBY [UIsl JaJbHEHILEr0 COBEPLUICHCTBOBAHMS MOMOIIHUKOB IO KOJHPOBAaHHIO
Ha OCHOBE MCKYCCTBEHHOTO MHTEJUIeKTa. [10CKONBKY MCKYCCTBEHHBINH MHTEIUIEKT
MPOJOJKAeT TPaHC(HOPMHUPOBATH pa3IWYHbIC OTpPACiH, MOHMMAaHHE €ro POIu B
MIPOrpaMMHUPOBAHUH CTAHOBHUTCS BCE 00JIee aKTyalbHBIM.

Oro wuccnenoBanue mnomuyepkupaer noreHruan ChatGPT B ontumuzanuu
pabo4ymMx TPOLECCOB, CTUMYIMPOBAaHWM HWHHOBALMH M YCOBEPLICHCTBOBAHHU
pa3paboTKu MporpaMMHOTO obectieueHus1. Ompenensis 00IacTH I TadbHEHIIIeTo
COBEpPILICHCTBOBAHHMS, OH TAKXKe CII0COOCTBYET MOCTOSIHHOMY COBEPILICHCTBOBAHHIO
WHCTPYMEHTOB IIPOTPAMMHPOBAHNS, YIIPABISIEMBIX HCKYCCTBEHHBIM HHTEIIEKTOM.
B KoHewHOM cyere, 3TO WCCIEIOBAaHHE SBISETCS IIEHHBIM PECYpcoM JUIst
uccienopareneii u paspaborunkoB WM, KOTOpHI MOMOXET B JalbHEHIIEM
COBEPIICHCTBOBATh SI3BIKOBBIE MOJICIIM M UX NMPHUMEHEHUE B MPOrPaMMUPOBAHHUH,
aBTOMATH3alMKi M OoJiee MIMPOKOM TEXHOJIOTHYECKOM mporpecce. HemnpepriBHas
SBOJIONUS MHCTPYMEHTOB TIporpamMmupoBanus Ha 0aze MM oGemaer m3MEeHNTH
MIPOIIECC Pa3pabOTKU MPOrPaMMHOT0 00eCIIeUeHusI, C/IeaB ero 0oee 3PPHEKTUBHBIM
Y JIOCTYITHBIM.

KmoueBbie cioBa: ChatGPT, GPT-3.5, GPT-4, nporpamMMupoBaHue Ha
Python, OpenAl, Google Bard, Claude ot Anthropic, pa3paboTka nporpaMMHOTO
obecrieuenus, Habop maHHBEIX MBPP, mpow3BOmUTEIHHOCTH, CpPaBHUTEIHHBINA
aHanm3, 3PEKTUBHOCTb.

Introduction. In recent years, artificial intelligence (AI) has experienced
remarkable growth, driven by advancements in machine learning and natural
language processing. This progress has significantly impacted numerous industries
and applications, reshaping traditional approaches. One of the areas garnering
significant attention is Al-assisted programming. Advanced language models hold
the potential to revolutionize how developers create, manage, optimize, and test
code. The primary objective of this study is to evaluate ChatGPT, a popular large
language model that encompasses GPT-4 and GPT-3.5 versions. By testing these
models on various coding tasks, the research aims to analyze their capabilities and
potential applications.

OpenAl’s release of GPT models, particularly ChatGPT, has marked a significant
step forward in AI’s development and accessibility (An, et al., 2023). Each iteration
of these models has brought increased adaptability and performance, sparking
interest in their application across diverse fields. Specifically, in programming, these
models exhibit immense potential for automating tasks, enhancing code quality, and
providing valuable insights to developers. Al’s influence on programming is both
profound and transformative. By streamlining workflows, reducing human error,
and automating repetitive processes, Al has demonstrated its ability to significantly
enhance productivity. Tasks such as code generation, documentation creation, and
bug detection are prime examples of how Al optimizes the development process,
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enabling programmers to focus on more complex and creative aspects of their work
(Adamson, et al., 2023).

This study employs quantitative testing methods to explore the capabilities of
ChatGPT, with three key objectives:

* Evaluating ChatGPT’s efficiency in executing diverse coding tasks.

» Comparing GPT-4 and GPT-3.5 performance against other prominent large
language models.

* Identifying challenges and limitations in the application of these models to
programming tasks.

Recent advancements in automated code generation have been largely fueled
by the development of large language models like GPT-3. These innovations have
surpassed previous deep learning approaches, significantly enhancing Al’s role in
programming.

For instance, OpenAl Codex (Biswas, 2023), a specialized variant of GPT-3,
demonstrated the ability to produce fully accurate solutions for 29% of unseen
programming challenges in a single sample, with accuracy rising to 72% when
extended to 100 samples. Additionally, a study investigating the Python coding
capabilities of GPT models revealed a 28% success rate on problem-solving within
limited sample sets.

Research by Hammond et al. (Kalla, et al., 2023) examined the application
of OpenAl Codex and other large language models in addressing software
vulnerabilities. Their findings highlighted that these models resolved 67% of
security flaws within a dataset of historical bugs from open-source projects. On the
other hand, Refs prioritized evaluating the practical usability of LLM-generated
code rather than its correctness. (Firat, 2023) assessed GPT-Neo, GPT-J, and GPT-
NeoX, large language models trained on diverse datasets containing code samples
across 12 programming languages. (Rabbi, et al., 2024) provided a comprehensive
review of existing LLMs designed for NL2Code (natural language to code),
discussing their features from various perspectives. However, neither study focused
on evaluating the quality or accuracy of the generated code.

This research provides a foundational exploration of programming with Al
assistance, conducted during a period of rapid advancements in artificial intelligence.
Its findings aim to inform developers, researchers, and the broader tech community,
shaping the future trajectory of Al-driven programming.

The structure of this paper includes an overview of ChatGPT’s development
and the mechanisms underlying generative Al in Section 2. Experimental results
are detailed in Section 4, while Section 5 concludes with a summary of the key
findings.

Materials and methods. The evolution of modern generative Al has roots
in the 1940s with the early development of artificial neural networks (ANNSs).
However, limited computational resources and insufficient understanding of the
brain’s biological mechanisms led to minimal interest in ANNs until the 1980s. This
period marked significant progress due to advancements in hardware, neuroscience,
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and the introduction of the backpropagation algorithm, which made training ANNs
much more practical. Prior to backpropagation, neural network training was a
labor-intensive process, as no efficient method existed to compute error gradients
relative to each neuron’s weights. The adoption of backpropagation transformed
this, unlocking the potential of ANNs (Ellis, et al., 2024).

In 2013, Kingma and Welling introduced variational autoencoders (VAEs)
through their influential paper Auto-Encoding Variational Bayes. VAEs, a type of
generative model based on variational inference, established a method for learning
compressed data representations. This process involves encoding data into a lower-
dimensional latent space and then reconstructing it into its original form via a
decoding mechanism.

A pivotal advancement came in 2017 when Google researchers unveiled the
Transformer architecture in their publication Attention Is All You Need. This
innovative approach fundamentally altered language generation paradigms (Arias,
et al.,, 2024). Unlike earlier models, such as long short-term memory (LSTM)
networks (Hassani, et al., 2023) or recurrent neural networks (RNNs), Transformers
utilized parallel processing to achieve superior contextual understanding and
significantly improved performance (Campesato, 2024).

In 2021, OpenAl launched Codex, a specialized iteration of GPT trained on
publicly available GitHub code. Early evaluations revealed that Codex could
successfully solve about 30% of Python programming problems, a stark contrast
to GPT-3, which achieved a 0% success rate on similar tasks. These results
underscored the ability of large language models (LLMs) (Tomcsanyiova, 2023)
to effectively learn and generate code. Codex subsequently became the foundation
for GitHub Copilot.

GitHub Copilot, powered by GPT-4, is an Al-driven programming assistant that
integrates seamlessly with widely used code editors. It provides real-time code
suggestions and can even generate entire segments of code. Controlled experiments
revealed that developers using Copilot completed tasks approximately 55.8%
faster than those who worked without it, illustrating the tool’s potential to enhance
programming efficiency (Ma. 2024).

Further studies have highlighted GPT’s capabilities in Python code generation,
particularly in aiding novice programmers with challenging problems using
minimal input. However, these investigations also emphasize the necessity of
human intervention to effectively guide ChatGPT’s outputs (Siddiq, et al., 2024).
Generative Al models utilize neural networks to analyze patterns and structures
in existing datasets, enabling them to create original content . Inspired by human
neuronal processes, these models learn from input data and generate outputs that
align with the patterns they have internalized. Techniques such as generative
adversarial networks (GANSs) (Kaleemunnisa, et al., 2024), large language models
(LLMs), variational autoencoders (VAEs), and Transformers are employed to
produce content across diverse domains.

Methods like unsupervised and semi-supervised learning empower organizations
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to leverage vast amounts of unlabeled data for training, forming the basis for
more advanced Al systems. These so-called foundation models, such as GPT-
3 and Stable Diffusion, are capable of performing multiple tasks. For instance,
they enable applications like ChatGPT to generate essays from brief prompts
or Stable Diffusion to create lifelike images from textual descriptions (Porter,
et al., 2024). Generative Al continuously improves its outputs through iterative
training processes, analyzing data relationships to adjust parameters and reduce
discrepancies between desired and generated outputs. This iterative refinement
enhances the model’s ability to produce high-quality, contextually relevant content.
Typically, the content generation process begins with a user prompt, followed by
repeated adjustments and explorations to fine-tune the results.

This section outlines the methodological framework employed to assess
ChatGPT’s performance and its comparison with other prominent large language
models (LLMs). It begins with a description of the dataset utilized in the study,
followed by an explanation of the evaluation strategy. The evaluation details include
the testing procedures and the method for calculating the performance scores of the
language models.

Selection of LLMs

With the rise in popularity of ChatGPT, competing companies have introduced
their own large language models (LLMs) to stake their claim in the market. To
provide a comprehensive evaluation, three additional widely recognized and
accessible LLMs were selected for comparison based on their market presence and
potential impact.

- Google Bard: Launched in February 2023, Bard represents Google’s significant
foray into the Al landscape. It is powered by the PaLM2 model and is known for
its advanced reasoning capabilities, particularly in tasks such as mathematics and
programming. Bard is freely available on its dedicated website.

- Microsoft Bing Chat: Released in February 2023, Bing Chat (referred to as Bing
in this paper) is marketed as a “copilot for the web” and is also powered by GPT-4.
As one of OpenAl’s largest investors, Microsoft leverages this Al technology for its
chatbot, which is publicly available via the Bing platform.

- Anthropic’s Claude: Developed by a research company founded in 2021
by former OpenAl employees, Claude entered the market as an Al assistant in
March 2023, with its upgraded version, Claude v2, released in July 2023. Similar
to ChatGPT and Bard, Claude is designed for tasks including coding and other
creative applications.

Dataset

This study utilized a dataset called Basic Python Programming (MPPP). which
is widely recognized and tested for evaluating code generation capabilities in Al
models. Developed by Google researchers, the dataset comprises approximately
1,000 crowd-sourced Python programming problems. These problems encompass a
broad range of fundamental programming concepts and functionalities, making them
suitable for assessment and designed to be solvable by entry-level programmers.
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A subset of problems from this dataset was selected for analysis, ensuring
representation across different programming topics and difficulty levels to
effectively evaluate the performance of the tested LLM:s.

Each problem in the Basic Python Programming (MPPP) dataset consists of the
following components:

- Task id: A unique identifier for each problem, ranging from 1 to 1000.

- Prompt: Instructions provided to the LLM, specifying the task the code should
accomplish.

- Code: A proposed solution to the problem.

- Test_imports: Libraries that need to be imported for the code to function
correctly.

- Test _list: Typically, three test cases used to validate whether the code produces
the expected output.

An example of coding problem number 162 from the dataset, along with the
corresponding test cases, is illustrated in Figure 1.This structure ensures that the
Al models are tested for both their ability to generate functional code and their
compatibility with various programming requirements (Tomcsanyiova, 2023).

Task_id
prompt

test_list - [

1

sum_series(n):

esult)
esult)

(test_list))

Figure 2. Program code.
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Figure 1. Example of the used Python problems.

(a) The code problem number 162.

(b) The testing code.

This figure illustrates an example of a Python programming problem from the
dataset, showing both the problem description and the testing code used to validate
the solution generated by the Al models. The testing code includes specific test
cases designed to ensure that the generated solution works correctly for various
scenarios.

Evaluation Strategy

For this study, a purely quantitative approach was employed to assess the
performance of the selected LLMs. Despite OpenAl offering paid API access to
its GPT-3.5 and GPT-4 models, the decision was made to use the ChatGPT web
interface for all tests. This choice was made because the web interface is the most
accessible and user-friendly option, and is likely what most people will use. All
models are accessible via their web interfaces, except for GPT-4, which is available
only through a paid subscription to “ChatGPT Plus.”

Bing and Bard do not offer API access, while Claude does; however, at the
time of testing, Claude’s API access was restricted by a waitlist. This led to the
decision to conduct tests solely through the web interfaces to maintain consistency
and ensure that all models were evaluated under similar conditions.

In the tests, each model was provided with programming prompts from the
MBPP dataset. Only the “prompt” and the name of the function were given, to
match the function name used in the test cases. Figure 2 illustrates an example
of the prompt provided to the LLM, which served as input for the model’s code
generation. This evaluation strategy allowed for a clear, comparative analysis of the
models’ ability to generate functional Python code based on the given instructions.

I will give you a prompt, follow the prompt to write the python code that was
instructed. Do this in one code block, not in parts. If you need to import

something, do it in the code.
“prompt”: "Write a function to find the shared elements from the given two
lists.",

name the function: similar_elements

Write ONLY the function

Figure -3. Example of the prompt used as an input to the LLM systems.

In the evaluation process, the generated code from the LLM systems was tested
using assertion tests that verified whether the output passed or failed based on
predefined test cases. The process involved multiple stages of testing and retesting
to evaluate the models’ capabilities in generating correct Python code.

1. Stage 1: Initial Evaluation
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- The generated code for each task was tested using a list of test cases (assertion
tests). A point was awarded for each successful test, with a score between 3 and 6
points per task.

- If the LLM produced code that passed all test cases, it received the maximum
score of 3 points per task, with a possible total score of 305 points for 100 tasks.

2. Stage 2: Retesting of Low-Scoring Models

- The LLMs that scored the lowest in Stage 1 were retested with tasks they had
failed or not completed successfully.

- This phase aimed to assess whether the models could generate correct code
after receiving additional feedback or after multiple attempts.

3. Stage 3: New Conversation Evaluation

- To eliminate the influence of prior responses, the same prompt was provided
in a new conversation. This stage tested whether the model could still generate
correct code without any historical context.

- If amodel struggled, feedback was provided after each response, and multiple
retries (up to 10 attempts) were allowed to reach the correct code.

- The number of messages exchanged and attempts made before reaching a
correct solution was recorded.

The goal of the evaluation was to determine whether the LLMs could generate
correct and effective code across a variety of tasks, and to measure the efficiency of
the models in completing these tasks when provided with adequate human feedback.

Results and discussion. The test was conducted using 460 certified Python
programming tasks with a total possible score of 1,225 points, with each model
being tested on all of these tasks. You can see a picture of the description in Figure
4. This allowed us to evaluate their performance on a representative sample of
coding problems.- Claude: Scored the lowest among the five LLMs, achieving 873
points, which is equivalent to 70.43% of the total possible score. Although Claude
showed competence in handling various tasks, it demonstrated the least overall
success in generating correct Python code.

- Google Bard: Performed similarly to Claude, scoring 930 points, or 74.16%.
While Bard showed a generally good understanding of the programming problems,
there remains significant room for improvement, especially in more complex tasks.

- Comparative Performance: The results suggest that both Claude and Bard,
while effective in some areas, still need enhancement to reliably solve a broader
range of Python programming problems. Their performance indicates a need for
further development in understanding specific coding tasks and generating error-
free solutions.

These results provide valuable insights into the capabilities and limitations of
current LLMs in solving coding problems. The findings highlight the importance of
refining Al models to improve their problem-solving accuracy, particularly in more
intricate programming scenarios.
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Figure- 4. Performance comparison between the different LLMs.

Code Quality

While the GPT-based models demonstrated strong performance, particularly
GPT-4, the quality of the generated code remains a critical factor to evaluate. GPT-
4 scored an impressive 1069 points (84.31%), outperforming the other models in
terms of task completion success rate. Bing, powered by GPT-4, also performed
remarkably well, scoring 1001 points (80.93%), which was slightly lower than
GPT-3.5’s score of 1017 points (81.18%).

Despite the high scores, the difference in performance between GPT-3.5 and
Bing was surprising, as Bing is based on the newer GPT-4 model. This suggests that
while GPT-4 demonstrates higher raw performance, the quality of generated code
can still vary depending on specific implementation nuances or training methods
between different platforms using the same underlying model.

The high performance of GPT-4 reflects its advanced capabilities in handling
complex programming problems. However, code quality also depends on factors
like error rates, readability, and adherence to best practices. While GPT-4 shows the
highest success rate, it’s important to consider not only whether the code passes tests
but also how efficiently and clearly the code is written, which remains a challenge
for all models. Further refinement may be needed to improve both correctness and
the maintainability of the generated code across all LLMs.

Providing Feedback to the Model

In the second phase of the tests, the models were retested on tasks they had
failed during the first phase, with feedback provided to help them understand and
correct the errors in their code. The results of this phase revealed that GPT-4, the
highest-scoring model, showed significant improvement. Out of the 19 tasks it had
failed initially, GPT-4 was able to successfully complete 17 tasks after receiving
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feedback. This demonstrates its strong ability to learn from errors and adapt its
responses.

In contrast, Bard, which scored lower in the initial tests, showed a much more
limited ability to improve after feedback. Bard was only able to complete 6 of the
previously failed tasks. This stark difference suggests that while both models are
capable of learning and improving through feedback, GPT-4’s performance is more
robust and reliable when it comes to correcting mistakes.

Figure 5 and table 1 highlights the superiority of GPT-4 in adaptation and
feedback-based learning. which compares the results of both models in this phase,
highlights this disparity, emphasizing GPT-4’s superior adaptability and problem-
solving capabilities when provided with guidance. This phase of testing further
supports GPT-4’s position as the top performer in terms of both initial success rate
and the ability to learn from feedback.

Table 1- highlights the superiority of GPT-4 in adaptation and feedback-based learning.

.. . Successfully Corrected After o
Model | Initially Failed Tasks Feedback Improvement Rate (%)
GPT-4 19 17 89.47%
Bard — 6 _

Bard

ChatGPT

Initially Failed
Tasks Successfully

Corrected After Improvement
Feedback Rate (%)

ChatGPT Bard

Figure -5. Comparison of GPT-4 and Bard’s score when providing feedback.

These tests demonstrated a significant difference in how GPT-4 and Bard
processed and applied feedback to the generated code. GPT-4 showed an impressive
ability to comprehend the feedback and effectively incorporate fixes into the code.
With each new output, GPT-4’s code improved until it performed the desired task
without errors, highlighting its strong adaptability and problem-solving skills.
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On the other hand, Google’s Bard, although occasionally able to generate code
effectively, did not exhibit the same level of feedback comprehension. While Bard’s
responses typically acknowledged the errors, the “fixed” versions of the code it
generated often consisted of just a repeat of the same code without meaningful
adjustments. This suggests that Bard struggled to internalize the feedback and make
the necessary corrections.

Overall, these results underscore the proficiency of Al language models,
particularly GPT-4, in generating code and adapting to real-world coding scenarios,
including bug fixing. When properly used, GPT-4 demonstrated the ability to solve
nearly 100% of tasks, reinforcing its potential as an excellent coding assistant.
However, the testing also revealed that LLMs, like GPT-4 and Bard, are most
effective as coding assistants rather than replacements for human programmers.
These models benefit significantly from human feedback, which helps them
improve and refine their outputs.

The findings also highlight the transformative potential of LLMs in programming
and software development. By providing valuable insights into how these models
can assist with coding tasks, the study suggests that they could play a crucial role in
enhancing productivity and solving complex programming challenges, as long as
they are paired with effective human guidance.

Conclusion. This research evaluated various LLMs, including GPT-3.5, GPT-4,
Bard, Bing, and Claude, using the Mostly Basic Python Problems (MBPP) dataset
for code generation tasks. The study provided insightful results into the strengths
and weaknesses of these models and highlighted areas where they could improve.
Here are the key takeaways and suggestions for future research:

1. Proficiency of GPT Models: GPT-4 demonstrated the highest proficiency in
code generation tasks, achieving a success rate of 80.23% on the tested subset of
problems. GPT-based models consistently outperformed the other models (Bard
and Claude) in terms of code generation accuracy and problem-solving abilities.

2. Performance of Competitor Models: Bard and Claude performed the worst
among the models tested. This indicates a need for improvement in their coding
capabilities, despite being the most recently released models. These models
struggled with generating accurate code and often produced multiple solutions to a
given problem, leading to inefficiencies.

3. Feedback and Monitoring Requirement: The study found that LLMs, including
ChatGPT, require constant human feedback and monitoring to improve their code
generation outputs. While they can assist programmers in writing code, they are
not replacements for human developers, as they often produce bugs, errors, and
multiple solutions when there are slight changes or incorrect queries.

4. Room for Improvement: The results indicated that while LLMs are good at
generating code, there are still significant areas for improvement. Bugs and errors
in the generated code, inconsistent solutions, and inefficiencies in resource usage
are common issues that need addressing.

1. Evaluating Code Quality: Future studies should focus on evaluating generated
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code itself using new metrics like code cleanliness, execution time, resource usage,
and memory consumption. These metrics would provide a more comprehensive
view of code performance beyond correctness.

2. Testing with More Complex Tasks: The MBPP dataset contains basic coding
problems. Future research can explore more complex tasks, including algorithms,
data structures, and real-world scenarios to test the capabilities of LLMs in handling
more sophisticated coding challenges.

3. Real-World Applications: Future studies can investigate how LLMs like
GPT-4can be applied to professional software development processes beyond
code generation. For example, researchers can explore their use in code reviews,
bug fixing, collaborative coding, and automating documentation. This would help
determine their potential to enhance productivity in the industry and their practical
application in real-world software development.

4. Investigating Novel Feedback Mechanisms: Given the feedback requirement
highlighted by this research, exploring novel feedback mechanisms could improve
the LLMs’ code generation process. For example, integrating human-in-the-loop
systems, real-time code reviews, and iterative feedback cycles could enhance the
LLM’s ability to learn from feedback and improve code output.

5. Comparative Studies with Human Programmers: Conducting comparative
studies between human programmers and LLMs in terms of productivity, code
quality, and problem-solving abilities would provide valuable insights into how
these Al systems can complement human efforts in software development.

6. Ethical and Societal Implications: As LLMs become more embedded in
software development, there are ethical and societal implications to consider, such
as bias in generated code, security vulnerabilities, and privacy concerns. Future
research should address these issues and propose guidelines for using LLMs
responsibly.

7. Interdisciplinary Research: Combining expertise from fields like software
engineering, human-computer interaction, cognitive science, and Al ethics could
offer new insights into the use of LLMs in software development, potentially
leading to more robust and practical applications.

All things considered, our study showed that LLMs like as GPT-4 have a lot
of promise as programming assistants since they can provide code that successfully
resolves a variety of programming issues. But for them to work, human supervision
and ongoing feedback are necessary. Future studies should concentrate on improving
these models by taking into account increasingly difficult tasks, novel metrics
for evaluation, creative feedback systems, and real-world software development
process applications. This will help academics and developers better understand the
advantages and disadvantages of LLMs and how to use them to improve software
development and code production.
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