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Abstract

This study aims to explore the best practices for utilizing GenAl as a programming tool, through
a comparative analysis between GPT-4 and GLM-4. By evaluating prompting strategies at different
levels of complexity, we identify that simplest and straightforward prompting strategy yields best code
generation results. Additionally, adding a CoT-like preliminary confirmation step would further increase
the success rate. Our results reveal that while GPT-4 marginally outperforms GLM-4, the difference
is minimal for average users. In our simplified evaluation model, we see a remarkable 30 to 100-fold
increase in code generation efficiency over traditional coding norms. Our GenAl Coding Workshop
highlights the effectiveness and accessibility of the prompting methodology developed in this study. We
observe that GenAl-assisted coding would trigger a paradigm shift in programming landscape, which
necessitates developers to take on new roles revolving around supervising and guiding GenAl, and to
focus more on setting high-level objectives and engaging more towards innovation.

Keywords
GenAl, LLM, GPT-4, GLM-4, code generation, Snake game

1. Introduction

The advent of Generative Artificial Intelligence (GenAl) has marked a pivotal moment in
the evolution of software development, ushering in an era of unprecedented potential for
automation and innovation. Since the release of ChatGPT 3.5 in November 2022 and GPT-4 in
March 2023, the landscape of GenAI has witnessed rapid advancements, both in terms of the
foundational model capabilities and their applications across diverse fields (OpenAl, 2023)[1].
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& ayan5942@uni.sydney.edu.au (A. YANG); 18612508125@163.com (Z. LI); lijiecs@sjtu.edu.cn (J. LI)
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These advancements have significantly expanded the horizons of what is achievable with Al,
showcasing the ability to enhance efficiency and elevate the quality of outcomes across various
domains (T. Eloundou et al., 2023)[2]. Among the myriad applications of GenAl, its integration
into programming practices stands out as one of the most transformative, promising to redefine
the paradigms of software development (Jaber et. al.,, 2023; Peng et al. 2023)[3][4].

The application of GenAl in programming has exemplified impressive potential, demonstrat-
ing that when leveraged effectively, it can significantly augment the coding process, making it
more efficient and intuitive. The capacity of GenAl to understand complex instructions, generate
code, and assist in debugging has made it an invaluable tool for developers, enabling them to
focus on higher-level design and problem-solving aspects of software development. However,
the integration of GenAl into programming is not without its challenges (Hendler, 2023)[5].
Key among these are determining the optimal ways to prompt the Al for the best quality of
coding, evaluating the quality of the code generated, and establishing effective collaboration
practices between human developers and Al systems. Additionally, selecting the appropriate Al
platforms that align with specific project needs poses a significant decision-making challenge
(Yu et al., 2024)[6].

Recognizing these challenges, our research aims to design a generalizable and accessible
methodology to evaluate the efficiency and quality of GenAl-assisted coding. Through con-
ducting a comparative study across different major GenAl platforms, we seek to derive a set
of general guidelines or best practices for leveraging GenAl in programming, of which the
importance cannot be overstated. As GenAl continues to evolve, setting operational norms and
guidelines becomes crucial to maximizing its benefits while mitigating potential drawbacks
(Hamza et al. 2023)[7]. In doing so, this study contributes to the broader discourse on the future
of software development, highlighting the transformative impact of GenAl and setting the stage
for a new era of programming practices.

2. Literature Review

2.1. Overview of Existing Studies on GenAl Applications in Programming

Generative Artificial Intelligence (GenAl) has significantly influenced the field of software
development, offering tools for code generation, debugging, and even writing documentation.
Studies such as those by Weisz et al. (2022) [8] have evaluated Al-supported code translation,
demonstrating how GenAl can aid developers in producing code with fewer errors and in a
more efficient manner. Similarly, Peng et al. (2023) [4]have shown that tools like GitHub Copilot
can improve developer productivity by assisting in rapid code generation, indicating a positive
impact on the speed and efficiency of software development tasks. Hamza et al. (2023)[7]
investigated the dynamics of human-AI collaboration in software engineering, focusing on how
leveraging ChatGPT can enhance coding efficiency and optimization. Their research identified
challenges and proposed mitigation methods for integrating Al into development processes,
including addressing security risks and enhancing human oversight.
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2.2. Analysis of the Impact of Prompt Scheme, Complexity, and Clarity on
GenAl Performance

The effectiveness of GenAl in programming is highly dependent on the prompt’s scheme, com-
plexity, and clarity. Jonsson and Tholander (2022)[9] explored the use of GenAl for educational
purposes, highlighting how the design of prompts affects the tool’s ability to support creative
programming tasks. White et al. (2023)[10] investigated prompt pattern design techniques with
LLMs in software engineering, and proposed effective prompt patterns that would secure a more
rapid and higher quality code generation. This underscores the importance of prompt engi-
neering in maximizing the potential of GenAl tools for coding, where clear and well-structured
prompts can significantly enhance the quality and relevance of generated code (Hamza et al,,
2023)[7].

2.3. Comparative Analysis of Different LLMs in Programming Contexts

Yu et al. (2024)[6] recently proposed an effective benchmark (CoderEval) to evaluate pragmatic
code generation scenarios, open source or proprietary ones, for three SOTA code generation
models (Code-Gen, PanGu-Coder, and ChatGPT). Nevertheless, focusing on GPT-4 and GLM-4
offers a compelling narrative within this broader context. OpenAI's GPT-4, as one of the most
advanced and most accessible foundation models to date, serves as a benchmark in many
comparative studies. Its capabilities not only encompass code generation but also extend to
debugging, providing explanations, and even writing tests, setting a high standard for what is
achievable with current Al technologies (OpenAl, 2023)[1]. On the other hand, GLM-4 emerges
as one of the most capable Chinese foundation models, recently introduced in January of 2024
(ZHIPU-AL, 2024)[11]. GLM-4’s training on diverse datasets, including those in Chinese, makes
it particularly adept at understanding and generating code in contexts where cultural and
linguistic nuances play a crucial role (Zeng et al., 2022; ZHIPU-AL 2024)[12][11]. This makes the
comparison between GPT-4 and GLM-4 not only interesting but also highly relevant, especially
for users and developers operating within the Chinese tech ecosystem. While direct comparative
studies between GPT-4 and GLM-4 in programming contexts are scarce, which makes this study
more valuable and necessary.

2.4. Gap in Literature Regarding Operational Norms for GenAl-Assisted
Programming

One notable gap in the literature is the lack of established operational norms for GenAl-assisted
programming. While studies have begun to explore the efficacy and applications of GenAl tools
in software development, there is a need for comprehensive guidelines and best practices that
address how to integrate these tools effectively into programming workflows. This includes
considerations for prompt design, model selection, and the evaluation of generated code quality,
as well as ethical considerations related to code originality and security.
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2.5. Concluding Remarks

The literature on GenAl applications in programming highlights the transformative potential
of these tools in enhancing developer productivity and creativity. However, the effectiveness
of GenAl is contingent upon the quality of prompts and the characteristics of the underlying
models. There remains a significant need for research that establishes operational norms and
best practices for integrating GenAl tools into software development processes, ensuring their
responsible and effective use.

3. Methods

3.1. Research Design

This study aims to explore the best practices for utilizing GenAl as a programming tool. Our pri-
mary goal is to establish operational norms for GenAl-assisted programming via a comparative
analysis. Specifically, we would delve into effective prompt strategies, evaluation methods for
GenAl platforms, approaches for assessing Al-generated code, and evaluating coding efficiency
improvement. The key variables under examination are: 1) complexity and clarity of prompt
wording, and 2) comparative performance of different LLMs (GPT-4 versus GLM-4).

Our research will focus on using GenAl to generate code for program modules, evaluating
various prompt strategies and the code generation capabilities of the underlying large language
models (LLMs). For this purpose, we have selected the classic arcade game "Snake" as our
subject module, based on several considerations. Firstly, the simplicity of "Snake" makes it
an exemplary case for studying algorithm optimization and efficiency, thereby allowing for
a concrete assessment of code effectiveness, as highlighted by Yeh et al. (2016)[13]. The it-
erative development process inherent in games like "Snake", which necessitates numerous
enhancements and refinements, underscores the significance of code readability and maintain-
ability—a factor critical to the quality of game code as emphasized by Tashtoush et al. (2013)[14].
Readability and maintainability are essential for facilitating updates and improvements to the
game, thus establishing "Snake" as an invaluable model for examining these elements in code
development. Moreover, employing arcade games as educational tools not only boosts students’
motivation but also aids in comprehending complex programming concepts and encourages
active participation in programming tasks, as discussed by Theodoraki and Xinogalos (2014)[15].
The development skills acquired through "Snake" are highly adaptable to more sophisticated
and practical applications, including advanced software development and game design, further
affirming the game’s applicability and significance beyond its primary context, as reiterated by
Yeh et al. (2016)[13].

3.2. Evaluation Criteria

The evaluation criteria for this study are prioritized as follows:
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with GLM-4 202402

Figure 1: Representative screenshots of Snake games programmed in Python v3.11, as-
sisted by GenAl: GPT-4 (left) and GLM-4 (right)

1) Success Rate: The primary criterion is the success rate of one-shot prompts in generating
a robust core module for the Snake program across various prompt strategies. This metric
assesses the effectiveness of different prompt approaches in producing a functional program on
the first attempt.

2) Debugging Efficiency: In cases where one-shot prompt generation does not result in a
viable core module, the efficiency of GenAl-assisted debugging necessary for successful program
execution becomes the secondary criterion. This evaluates the supportiveness of GenAl in
streamlining the debugging process.

3) Code Conciseness and Readability: Once the previous criteria are met equivalently,
the focus shifts to the conciseness and readability of the generated code. This criterion under-
scores the importance of generating code that is not only functional but also clean and easy to
understand.

4) Functionality Completeness and Richness: Lastly, if all preceding criteria are satis-
fied comparably, the comparison of the generated program’s completeness and the richness
of its functionality takes precedence. This assesses the extent to which the generated code
encompasses a comprehensive set of features and capabilities.

These criteria collectively aim to evaluate the generated code not just on its immediate
functionality, but also on its efficiency, maintainability, and the breadth of its capabilities,
ensuring a holistic assessment of GenAl’s contribution to programming tasks.

3.3. Prompt Levels Design
3.3.1. One-shot prompt

To evaluate ChatGPT’s capability in code generation relative to prompt complexity, we have
designed four distinct prompts that embody increasing levels of complexity. These prompts are
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intended to examine how varying approaches to prompting interact with SOTA LLMs in terms
of code generation capabilities. The prompts are structured as follows for one-shot prompt:

First Level: This prompt offers a vague description of a straightforward task, setting the
foundation for understanding the model’s response to minimal input detail.

Prompt 1: Generate code for a snake game in python.

Second Level: Building on the first, this prompt includes a simple task description but with
slightly more detail, providing a clearer direction based on the initial vague description.

Prompt 2: Generate code for a snake game in python, where the player controls an unstop-
pable snake, the snake grow longer when it eats the dots on the screen. The player loses the
game when the snake’s head comes in contact with the edge of the screen or the snake’s body.

Third Level: The third prompt introduces further specifications and constraints, aiming to
assess the model’s ability to adhere to more complex requirements.

Prompt 3: Generate code for a snake game in python, where the player controls an unstop-
pable snake, the snake grow longer when it eats the dots on the screen. The player loses the
game when the snake’s head comes in contact with the edge of the screen or the snake’s body.
Make sure the code follows SOLID principles, include a page that provide the option to restart
when player loses the game.

Forth Level: This prompt simplifies the description by integrating essential sections of
pseudo code, focusing on the critical components needed for the task.

Prompt 4: Generate code for a snake game in python, where the player controls an unstop-
pable snake, the snake grow longer when it eats the dots on the screen. The player loses the
game when the snake’s head comes in contact with the edge of the screen or the snake’s body.
For player to control the snake, include function or functions to read player input and change
the direction of the snake for the corresponding input. Include the function to get generate the
dot onto a place that’s not a part of the snake. Include a function to extend the length of the
snake once it touches the dot, the dot should then be removed and a new dot should be placed.
Include a function to check the collision between snake’s head and its body and wall, stop the
game if collision is confirmed.

This structured approach allows us to observe the variation in Al-generated code quality in
response to different prompt complexities. We hypothesize that prompts with greater detail and
specificity will yield higher-quality outputs, demonstrating the importance of prompt design in
leveraging LLMs for code generation.

3.3.2. Follow-up prompt setup

Evaluating the proficiency of LLMs in coding tasks necessitates an examination of their ability
to modify and refactor code in response to feedback on the success or failure of their initial
outputs. This method assesses not only the LLM’s initial capability to generate code but also its
aptitude for iterative enhancement and adjustment based on evaluative input. When provided
with feedback on the performance of its previously generated code, the LLM is tasked with
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comprehending and applying this information to execute informed revisions. The structure for
follow-up prompts is as follows:

For Success: “The program worked successfully. Attempt generating code with alternative
approaches or solutions.”

For Failure with an Error Message: “Received error message: [insert error message here].
Please make adjustments and try again.”

For Failure without an Error Message: “The program failed to execute as expected.
Attempt to identify and correct the issue before trying again.’”

This setup is designed to simulate a realistic coding workflow, where developers often iterate
on their code based on the results of testing and debugging. By adopting this approach, we
aim to closely examine the LLM’s capacity for engaging in a developmental feedback loop,
highlighting its potential for learning and adaptation in programming tasks.

3.4. Data Collection

To ensure a robust statistical analysis, each of the four different prompts will be tested 20 times
independently, resulting in a substantial sample size conducive to reliable statistical inferences.
For every prompt test, two follow-up prompts will be administered, yielding three distinct
outcomes per test. Consequently, this testing protocol will generate a total of 240 outcomes.

For the purpose of data collection, these 240 outcomes will be categorized into one of the
following four types:

Pass: indicates the program ran successfully with all the rules of the Snake game correctly
implemented, demonstrating a complete and functional game.

Failure Type 1: GenAl’s output is incomplete, such as instances where the code contains
unfilled blanks requiring user intervention, the code is not delivered in a single contiguous
block (e.g., fragmented across multiple code boxes), or no code is generated at all.

Failure Type 2: GenAl produces code that appears complete, but execution of the code
fails to launch a game window due to programming errors, indicating issues with the code’s
functionality.

Failure Type 3: a game window is successfully launched, but interaction within the game
does not adhere to the established rules of the Snake game (e.g., the game does not terminate
when the snake collides with a wall), pointing to deficiencies in game logic or rule implementa-
tion.

3.5. Experiment Procedure

The experiment procedure is outlined in a step-by-step format to ensure clarity and consistency
in the execution of tests:

Step 1. Initiate a New Session: Begin a new conversation with the LLM.
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Step 2. Input a Prompt: Enter one of the predetermined prompts into the LLM.
Step 3. Execute Generated Code: Run the Al-generated code in a Python environment.

Step 4. Record Outcome: Document the results of the code execution, noting whether it
falls into the Pass category or one of the Failure types.

Step 5. Perform Follow-up Prompts:

a. Based on the initial outcome, input the corresponding follow-up prompt into the LLM.
b. Copy the newly generated code and run the program in a Python environment.

c. Record the outcome of this execution.

d. Repeat steps 5a to 5c¢ for a second iteration of follow-up prompts.

Step 6. Repeat Testing Cycle: Continue the process from steps 1 to 5 for a total of 20
iterations for each prompt.

Test All Four Levels of Prompts: follow step 1-6 above with all the four levels prompts,
will yield a total of 240 (60 outcomes x 4 levels) records, for each LLM.

4. Results

4.1. Results for GPT-4

Table 1
Code Generation Success Rates for GPT-4

Prompt pls1  pls2 pls3 p2sl p2s2 p2s3 p3sl p3s2 p3s3 pdsl pds2 p4s3

GPT-4 90% 50% 55% 70% 35% 70% 45% 30% 20% 45% 35% 45%

In Table 1, "p" represents the prompt level, and "s" denotes the sequence of interaction. Thus,
"pl" to "p4" correspond to the first through fourth levels of prompt complexity as described
in Section 3.3.1. The sequence following "p", denoted by "s1" to "s3", refers to the interaction
sequence, where "s1" is the initial input, "s2" is the first follow-up prompt, and "s3" is the second

follow-up prompt.

Figure 2 clearly illustrates that the simplest prompt, "Prompt 1", yielded the highest reliability
in code generation, achieving a success rate of 90%. This contrasts markedly with the initial
attempt at "Prompt 4", which registered a much lower success rate of 45%. As the prompts
increase in complexity, the likelihood of the generated code meeting the set requirements
declines, with "Prompt 1" averaging a success rate of 65% compared to Prompt 4’s approximate
rate of 42%. A plausible explanation for this trend is that simpler prompts enable more efficient
processing. They utilize fewer tokens, which in turn allows the model to more effectively
dedicate its computational power to producing accurate and relevant code.

As shown in Table 2, a notable concentration of Failure Type 1 was observed during the tests
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100
90
80
70
60
50
40
30
20
10

plsl p2sl p3sl p4sl

Figure 2: One-shot prompt success rate for GPT-4

Table 2

Failure type distribution
Type plsl pls2 pls3 p2sl p2s2 p2s3 p3sl p3s2 p3s3 pdsl pds?2 p4s3
Failurel 100% 40% 22% 50% 46% 67% 27% 43% 25% 0 23% 9%
Failure2 0 60% 33% 17% 31% 33% 18% 7% 38% 64% 23%  64%
Failure3 0 0 4% 33% 23% 0 55% 50% 38% 36% 54% 27%

of prompts p2s1-p2s3, occurring consecutively within the 24 hours allocated for the p2 series
tests. We noticed LLM outputs featuring multiple code boxes and some lines of code appearing
outside of these boxes. This phenomenon, not observed in subsequent tests, may have been an
outlier resulting from temporary adjustments to the GPT-4 model by OpenAL

Moreover, there is a discernible trend where Failure Type 1 decreases as the complexity
of prompts increases, alongside a subtle rise in Failure Type 3 instances. This suggests that
more complex prompts may indeed prompt the LLM to more frequently produce complete code
outputs, albeit with an increased likelihood of encountering Type 3 failures. This trend implies
that while detailed prompts enhance the model’s ability to generate complete outputs, they also
elevate the risk of generating code that, while complete, does not function correctly within the
intended game rules.
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Table 3
Code Generation Success Rates for GLM-4

Prompt plsl pls2 pls3 p2sl p2s2 p2s3 p3sl p3s2 p3s3 pdsl pd4s2 p4ds3
GLM-4  90% 10% 20% 30% 30% 35% 35% 20% 35% 45% 35% 35%

GLM Prompt Success Rate
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10

Success Rate(%)

plsl p2sl p3sl pdsl
Prompt

Figure 3: One-shot prompt success rate for GLM-4

4.2. Results for GLM-4

From Table 3 and Figure 3 above, we can see that GLM-4’s performance trends show sim-
ilarities to those observed with GPT-4, displaying an overall decline in suc-
cess rates across the prompts. Initially, the first attempt at Prompt 1 boasts a high suc-
cess rate of 90%, which significantly drops to 45% by the first attempt at the final prompt.

A notable issue with GLM-4 is the frequent occurrence of a specific error where the gen-
erated code is prematurely truncated at the final lines. This error, occurring as GLM-4 at-
tempts to generate complete code and mistakenly believes it has succeeded without issu-
ing an error message or prompting for regeneration, is classified as a Failure Type 2, represent-
ing "Failed content of code generation."

Moreover, a significant number of Failure Type 1 instances were observed in the follow-
up prompts for Prompt 1. This likely highlights GLM-4’s difficulty in interpret-
ing vague terms, as the follow-up prompts related to the initially vague Prompt 1 are also rel-
atively indistinct. This suggests a potential weakness in GLM-4’s ability to process and re-
spond to less specific prompts effectively.
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4.3. Code Generation Performance: GPT-4 vs GLM-4

In this comparative analysis of code generation capabilities, GPT-4 slightly outperforms GLM-
4, showcasing a higher overall success rate across a range of code generation tasks (Note: full re-
sults and representative GenAl-generated code samples please refer to Appendix 1.). No-
tably, GLM-4 reaches a success rate comparable to GPT-4 with the final and pre-
sumably most complex prompt, despite GLM-4’s consistent struggle with Type 2 fail-
ures, where the generated code tends to be incomplete. Our observations indicate that GLM-
4’s successes are predominantly achieved through the exclusive use of the Pygame li-
brary, whereas GPT-4 diversifies its approach, experimenting with Turtle and other li-
braries, particularly in prompts 3 and 4. These prompts yield lower success rates com-
pared to those utilizing the Pygame library. This suggests that while GPT-4 currently holds the ad-
vantage in overall performance, GLM-4’s specialized use of Pygame highlights a po-
tential area of strength. Should GLM-4 address and mitigate its frequent Type 2 fail-
ures, there is a possibility for it to narrow the performance gap with GPT-4 or potentially ex-
ceed GPT-4’s performance in specific areas.

4.4. Enhancing One-shot Success Rate with Preliminary Confirmation

Our study identifies a significant increase in one-shot success rates for LLMs fol-
lowing a preliminary ‘“confirmation round" By ©posing a basic ques-
tion, such as "Do you know the classic arcade game Snake?" prior to code genera-
tion, we effectively prime the LLM for the task at hand. This method improves the LLM’s un-
derstanding of the task, leading to a higher success rate and coding efficiency.

This enhancement can be linked to the Chain-of-Thought (CoT) mechanism, as illus-
trated by Wei et al. (2022)[16]. CoT prompting has been shown to boost LLMs’ perfor-
mance across various reasoning tasks significantly. By initiating a CoT process with a contex-
tual question, we set a focused reasoning pathway, encouraging the LLM to generate more ac-
curate outputs through a series of logical steps. This strategy not only aligns the model’s fo-
cus with specific task objectives but also clarifies the task requirements, reducing ambigu-
ity and optimizing the model’s computational efficiency for solving the given problem.

5. Discussion

5.1. Limitations and Generalization of Research Findings

1. Target audience limitation: The prompting techniques and frameworks developed in this re-
search are primarily tailored for programming beginners and independent develop-
ers, rather than for software engineers in well-established IT corporations. The latter group typi-
cally adheres to stringent programming standards and possesses vast code repositories, di-
minishing the likelihood of their reliance on GenAl for coding tasks. Additionally, con-
cerns regarding information security and intellectual property protection present signifi-
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cant barriers for large corporations considering the adoption of GenAl-assisted coding prac-
tice at this early stage of GenAl applications.

2. Programming language focus: The scope of our analysis is centered on Python, which in-
herently restricts our understanding of the models’ performance when applied to other pro-
gramming languages, each characterized by its distinct syntax, idioms, and usage pat-
terns. This means that our conclusions may not fully translate to or adequately represent the ca-
pabilities of GenAl in handling the nuances of other languages.

3. Prompt selection bias: The selection of test prompts in our study may exhibit a bias to-
wards certain types of tasks while potentially neglecting edge cases. This could skew the per-
ceived effectiveness of GenAl in varied coding scenarios. Furthermore, the objective as-
sessment of code quality and functionality is challenging without detailed human re-
view, which is necessary to capture the nuances of code performance and adherence to best prac-
tices.

4. Technological evolution: The rapid advancement in AI technology means mod-
els such as GPT-4 and GLM-4 are frequently updated, which can change their code gener-
ation capabilities. Consequently, the relevance of our conclusions could diminish for future ver-
sions of these models. Additionally, with the introduction of new and more capable founda-
tion models, our insights could necessitate reevaluation or may become outdated. Readers are ad-
vised to exercise discretion, considering the dynamic nature of Al technology.

5. Generalization of evaluation methodology: Our evaluation methodology, which em-
ploys four prompts of varying complexity to assess LLMs’ Python programming ca-
pabilities, introduces a nuanced approach and structured framework to the eval-
uate the capability of Al code generation. The flexibility of this approach sug-
gests it could be adapted for evaluation of other programming languages and across more di-
versed GenAl platforms. There’s also a conceivable extension of this methodology to eval-
uate the efficacy of Al-supported code review and debugging, aiming to improve code qual-
ity and expedite the development cycle.

5.2. Enhancing Coding Efficiency and Its Impact on Software Development
Landscape

1. Leapfrog improvement in programming efficiency: Our back-of-the-envelope calcula-
tion offers a stark contrast between traditional coding productivity and the potential of GenAl-
assisted coding. Citing Ray Farias, a Full-Stack Software Engineer at Google, a productive en-
gineer at Google might produce about 100-150 lines of code daily (Farias, 2018)[17], trans-
lating to 12-20 lines per hour. In contrast, our research’s prompting methodology facil-
itated the creation of a functional Snake game module—around 100 lines—in merely 5-
10 minutes, including debugging and adjustments, which translates to an astonishing 600-
1200 lines per hour. This suggests a potential 30 to 100-fold increase in code generation effi-
ciency, offering a glimpse into GenAlI’s transformative potential for programming practices, de-
spite the limitations of this comparison in fully capturing the nuances of programming effi-

85



ciency such as code quality and clarity.

2. Disproportionate benefits for beginners: The surge in coding efficiency is especially ben-
eficial for beginners, sidestepping the steep learning curve associated with mastering basic syn-
tax and foundational knowledge. GenAl not only shortens the learning curve but also signifi-
cantly reduces the time spent on common beginner errors. This shift enables entry-level pro-
grammers to focus more on creative and high-value problem-solving tasks, including set-
ting ambitious goals and collaborating with GenAl on new algorithm development, thus ex-
panding the horizons of software development.

3. Paradigm shift in programming: The prompting methodology and GenAl-assisted cod-
ing practices introduced by this research indicate a substantial leap in programming produc-
tivity, particularly for non-professional programmers. This transition from traditional cod-
ing paradigms to a GenAl-assisted approach marks a foundational change in software devel-
opment, which is also substantiated by T. Eloundou et al. (2023)[2]. In the new paradigm, de-
velopers adopt a supervisory role, guiding the Al defining high-level objectives, interpret-
ing suggestions, and ensuring the code meets technical and business goals. The critical compe-
tency in this era is evaluating the AI's output for accuracy, efficiency, and security.

In summary: Incorporating GenAl into programming workflows promises to significantly re-
duce the time-to-market for software products, foster innovation by lowering the entry barri-
ers to software development, and allow non-professional programmers to focus more on com-
plex problem-solving. This shift not only democratizes programming skills but also acceler-
ates the pace of innovation in the software industry.

5.3. Real-World Impact of GenAl Coding Methodology

In an effort to extend the reach and applicability of our research, we organized a GenAl Cod-
ing Workshop in February 2024. This event served as a practical demonstration of our research-
derived prompting methodology, enabling students from varied backgrounds to rapidly ac-
quire and proficiently utilize GenAl tools for programming tasks. The workshop, a col-
laboration between DeepBlue Technology (Shanghai) and the Global Discovery & Innova-
tion Academy, catered to college students in their first and second years, including a se-
lect group of high school seniors, from diverse academic fields (Appendix 2). Among the 19 par-
ticipants, most were programming novices with no prior experience in Python and GenAlI-
assisted coding.

This full-day workshop dedicated two hours to hands-on GenAl program-
ming projects. It kicked off with a 30-minute introduction to GenAl programming principles, fol-
lowed by a 90-minute of collaborative project work. Attendees swiftly adopted the prompt-
ing methodology, venturing beyond Snake to craft classic arcade games like Breakout, Five-
in-a-Row, and Tetris. Participants enthusiastically presented their projects during the ses-
sion wrap-up (Figure 4). Our observations suggested that after this hour-long GenAl crunch ses-
sion, even novice GenAl users and beginner-level programmers could, within approx-
imately five minutes, develop a simple yet functional Snake game in Python, compris-
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Figure 4: GenAl Coding Workshop at DeepBlue Technology (February 2024) - partici-
pant groups present their projects: (a) Breakout game, (b) Snake game with difficulty level selec-
tion, (c) Tetris game, and (d) Five-in-a-row game.

ing typically around 100-200 lines of code, including debugging and final adjustments.

The success of this workshop underscores the adaptability and accessibility of the prompt-
ing methodology we've developed, proving that users with minimal prior knowl-
edge can achieve proficiency in under an hour of instruction. This significantly re-
duces the barrier to entry for both programming and GenAl applications, democra-
tizing skills that were once considered advanced and exclusive. The social implica-
tions of this are hence very profound, demonstrating the potential for inclusivity and equal-
ity through GenAl applications across diverse demographics.

6. Conclusions

Our study reveals that simple, direct prompts like "generate code for a Snake game in Python"
yield the highest one-shot success rate of 90% for both GPT-4 and GLM-4, with GPT-4 slightly
outperforming GLM-4, though the difference is negligible for most users. Furthermore, a
preliminary "confirmation round" with a basic question such as "Do you know the classic
arcade game Snake?" notably boosts one-shot success rates, likely due to the Chain of Thought
mechanism.

87



Our analysis also indicates a striking 30 to 100-fold increase in code generation efficiency
with GenAl, despite some methodological constraints. This highlights GenAI's capacity to
significantly boost productivity, especially for beginners by smoothing out the learning curve
and cutting down on common mistakes. Consequently, developers transitioning to a supervisory
role—guiding Al, setting objectives, and ensuring code alignment with technical and business
requirements—signify a paradigm shift in the programming landscape.

The success of our GenAl Coding Workshop further validates that GenAl coding, combined
with proper prompting strategy, significantly lowers the barrier to entry for programming and
GenAl applications, making previously advanced skills widely accessible. The profound social
impact of this development showcases the potential for inclusivity and equality through GenAlI
applications across a diverse range of demographics.
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2. DeepBlue GenAl Coding Workshop attendees background

Participant Experience with  Experience with Usage of Al for
Major of study in College
No. programmlng pylhon code completion tool
T Nursery Never Never Never
2 Business Beginner Never Never
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T Telecommunication Beginner Never Never
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9 Business Never Never Never
10 Mechanical Engineering Beginner Never Yes
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16 Digital Marketing Never Never Never
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	（二）重大财务事项未履行必要决策程序。
	案例3：某学会直接核销对外投资139万元，未见集体决策文件，也未见理事长、秘书长或财务主管审批签字。
	案例4：某学会接受企业捐赠300万元，未见集体决策文件。
	（三）超标准使用现金结算。
	案例5：某学会使用现金结算购书费用0.39万元、上网费用0.24万元、招待费0.25万元、员工借备用
	（四）活动收支未纳入学会账户管理。
	案例6：某学会将研讨会委托给A公司承办，研讨会收取的注册费36.56万元、获得赞助30万元、支出10
	（五）分支机构管理不规范。
	案例7：某学会2020年、2021年审计报告显示下设33个分支机构，2021年内部评估报告显示下设6
	案例8：某学会分支机构在网上发布13个培训通知，指定外部合作单位为收款单位，其中包括违规开展职业技能
	（六）支出依据不充分。
	案例9：某学会支付专家劳务费24.64万元，报销附件未载明提供劳务内容、劳务时间、专家职称或职级，无
	案例10：某学会以参加常务理事会、理事长办公会的名义，向参会人员发放劳务费，共计20.33万元。
	案例11：某学会报销烟0.53万元、酒0.15万元、超市预付卡费2万元、外单位人员（2人）从北京飞往
	（七）会计核算不规范。
	案例12：某学会使用手工账簿记账，记账人与复核人为同一人；违反《民间非营利组织会计制度》在一级会计科
	案例13：某学会提供B项目决算报告显示，项目经费15万元已全部支出。核对财务数据发现，B项目实际支出
	案例14：某学会向学校捐赠价值为6.91万元、6.67万元的两批实验室设备，捐赠票据开具时间为202
	（八）往来款长期挂账未清理。
	案例15：某学会账面往来款长期挂账，包括“其他应收款—个人”23.87万元、“预付账款—个人”20万
	（九）领导干部在学会兼职取酬。
	案例16：某学会以“工资”等名义，向在该学会兼任领导职务的退休领导干部每月发放报酬。
	（十）对外投资管理不规范。
	案例17：某学会持有C公司200万元股权（占注册资本的10%），未在会计账簿中体现；持有D公司70万
	案例18：某学会成立全资企业E公司（认缴出资额5000万元），E公司对外投资多家子公司（其中1家属于
	（十一）承接政府购买服务项目涉嫌转包。
	案例19：某学会承接G部委17个项目（合同金额共计504万元，均属采购类项目），均全额转至Q公司，该
	（一）资助经费使用缺乏必要监管。
	案例20：某学会承接中国科协“青年人才托举工程”项目，获得资助经费270万元。经查，该学会收到资助经
	（二）受资助活动内容额外收费。
	（三）从资助项目中列支人员和公用经费。
	案例22：某学会承接中国科协XX资助项目，从资助经费中列支购置路由器、交换机等费用0.14万元，列支
	（四）资助项目实施进度滞后。
	案例23：某学会承接中国科协XX资助项目，约定项目执行期限为2022年6月至2023年5月。截至20
	（五）超标准使用资助经费。
	案例24：某学会承接中国科协XX资助项目，从资助经费中列支会议费4.25万元，会议1天、实际签到21
	（六）资助项目重大调整未报批。
	案例25：某学会承接中国科协XX资助项目，获得资助经费20万元，约定用于举办产业交流论坛，实际全部用
	（七）资助项目任务书倒签。
	案例26：某学会承接中国科协XX资助项目，获得资助经费40万元，项目任务书签订时间为2021年8月，
	（八）资助项目资金结余。
	案例27：某学会2021年承接中国科协XX资助项目，获得资助经费50万元，约定项目执行期间为2021
	三、其他方面
	（一）违规从事杂志广告业务。
	案例28：某学会主办的R期刊，与服务对象签订协议，约定由H文化公司（民营企业控股）提供R期刊广告服务
	（二）未经批准开展评比表彰项目并收取费用。
	案例29：某学会与多家单位签订协议并收取费用，约定优先推荐参与奖项申报、授予奖项或提供进入榜单指导服
	附件2
	中国创造学会XX自查情况报告
	（简要报告本分支机构组织学习案例、研究部署工作、自查自纠成效的总体情况。）
	二、发现问题及整改情况
	备注：请于2024年4月12日前将自查情况报告报送至邮箱ccsis@ccsis.org。请分支机构财
	关于组织推荐中国科协“科技期刊”类评审专家的通知
	各全国学会、协会、研究会秘书处（办公室）：
	为保障中国科协科技期刊相关重点项目实施，公开、公正、科学、规范开展项目评审工作，特委托各全国学会、协
	一、推荐专家范围
	每个学会可推荐不少于30名专家，包括“学科专家”和“期刊管理专家”，优先推荐学会理事、监事、会员，有
	1.“学科专家”为各学科领域从事科学研究的专家学者，且关注并熟悉科技期刊。除承担本学科领域科研工作外
	2.“期刊管理专家”为从事科技期刊编辑出版、运营管理、政策研究、数据情报研究等方面的专家学者，需有科
	二、专家资格条件
	1.学风正派，作风严谨，客观公正，廉洁自律；
	2.具有高级专业技术职称或相当专业水平，有科技期刊相关任职或兼职经历；
	3.能保证有时间和精力参与并完成中国科协相关财政项目评审工作。
	三、联系方式
	    请于2024年5月10日前将纸质版评审专家信息登记表（一式两份）用EMS寄送至中国创造学会秘
	联 系 人：李老师
	联系电话：021-65986960
	邮寄地址：上海市杨浦区四平路1239号同济大学中法中心C518
	 中国创造学会
	2024年4月10日
	附件（请至中国创造学会官网下载表格原件）
	填表说明：
	1.“专家类型”按照学科专家、期刊管理专家分类填写。
	2.“学科专业”由学科专家按照国家《学科分类与代码》（GB/T 13745-2009）为标准选择填写
	3.“职称”按照国家《专业技术职务代码》（GB/T 8561-2001）为标准选择填写。例如：教授、
	4.“职业类别”按照国家《职业分类与代码》（GB/T 6565-2015）为标准填写。例如：医学研究
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