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Abstract
Code generation models based on the pre-training
and fine-tuning paradigm have been increasingly
attempted by both academia and industry, re-
sulting in well-known industrial models such as
Codex, CodeGen, and PanGu-Coder. To validate
the performance of these models, multiple exist-
ing benchmarks (e.g., AiXBench and HumanEval)
are proposed, including only cases of generating
a standalone function, i.e., a function that invokes
or accesses only built-in functions and standard
libraries. However, standalone functions consti-
tute only about 30% of functions from real open-
source projects. To assess a model’s performance
for pragmatic code generation (i.e., code gener-
ation for real settings of open source or propri-
etary code), in this paper, we propose a bench-
mark named CoderEval of pragmatic code gener-
ation with generative pre-trained models. Com-
pared with the widely-used HumanEval bench-
mark from OpenAI, CoderEval can be used to
assess the performance of models against prag-
matic code generation beyond just generating stan-
dalone functions. Through the evaluation of three
public available models (CodeGen, PanGu-Coder,
and Codex) on CoderEval, we analyze and dis-
cuss the current progress and future directions
of pragmatic code generation with a generative
pre-trained model.

1. Introduction
Recent years have seen a trend to tackle open-domain code
generation tasks with machine learning techniques, espe-
cially large generative pre-trained language models (Black
et al., 2021; Brown et al., 2020; Mike Lewis, 2019; Radford
et al., 2018) based on Transformer (Vaswani et al., 2017),
such as Codex (Chen et al., 2021), AlphaCode (Li et al.,

1Peking University 2Huawei Cloud. Correspondence to: Ying
Li <li.ying@pku.edu.cn>, Tao Xie <taoxie@pku.edu.cn>, Qianxi-
ang Wang <wangqianxiang@huawei.com>.

2022), In-Coder (Fried et al., 2022), CodeGen (Nijkamp
et al., 2022), and PanGu-Coder (Christopoulou et al., 2022).
These models can generate both standalone functions (i.e., a
function that invokes or accesses only Python built-in func-
tions and standard libraries) and non-standalone functions.

These recent efforts typically assess the performance of
their models with these existing benchmarks such as Hu-
manEval (Chen et al., 2021) for Python, MultiPL-E (Cas-
sano et al., 2022) (which extends HumanEval from Python
to 18 programming languages), and AiXBench (Hao et al.,
2022) for Java. Released alongside Codex (Chen et al.,
2021), HumanEval is a benchmark for Python to measure
code generation models on the functional correctness of
programs synthesized from docstrings. It consists of 164
samples (as hand-written programming problems and solu-
tions in Python), each of which includes a function signa-
ture, docstring, function body, and multiple unit tests (7.7
tests per problem on average). As a multi-language parallel
benchmark, MultiPL-E (Cassano et al., 2022) is resulted
from extending HumanEval to support 18 programming
languages. More recently, AiXBench (Hao et al., 2022) is
proposed for Java, containing 175 samples. It also includes
161 additional samples, each of which however does not
include unit tests, and thus requires manual evaluation when
being used to assess model performance.

However, these existing benchmarks only contains stan-
dalone functions, they are limited to assessing the perfor-
mance of models on pragmatic code generation. After ana-
lyzing the 100 most popular open-source projects on GitHub,
we find that standalone functions accounted for less than
30% of open-source projects, and most functions either ref-
erence third-party lib APIs or variables/constants defined in
the current project.

To address this limitation, we propose a benchmark named
CoderEval to assess code generation models on pragmatic
code generation. CoderEval now supports Python and Java,
with 230 functions from 43 Python projects and 230 meth-
ods from 10 Java projects. For each function/method, we
extract the original docstring/comment, the signature, the
code implementation, and the corresponding test code (if
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ABSTRACT
The software engineering community recently has witnessed wide-
spread deployment of AI programming assistants, such as GitHub
Copilot. However, in practice, developers do not accept AI program-
ming assistants’ initial suggestions at a high frequency. This leaves
a number of open questions related to the usability of these tools.
To understand developers’ practices while using these tools and the
important usability challenges they face, we administered a survey
to a large population of developers and received responses from
a diverse set of 410 developers. Through a mix of qualitative and
quantitative analyses, we found that developers are most motivated
to use AI programming assistants because they help developers
reduce key-strokes, �nish programming tasks quickly, and recall
syntax, but resonate less with using them to help brainstorm po-
tential solutions. We also found the most important reasons why
developers do not use these tools are because these tools do not
output code that addresses certain functional or non-functional
requirements and because developers have trouble controlling the
tool to generate the desired output. Our �ndings have implications
for both creators and users of AI programming assistants, such as
designing minimal cognitive e�ort interactions with these tools to
reduce distractions for users while they are programming.

1 INTRODUCTION
The recent widespread deployment of AI programming assistants,
such as GitHub Copilot [6] and ChatGPT [1], has introduced a new
paradigm to building software that has taken the software engi-
neering community by storm. Some current publications report
that AI programming assistants are powerful enough to produce
high-quality code suggestions for developers [55, 57]. While some
recent studies do not �nd any signi�cant di�erence in using AI pro-
gramming assistants in terms of task completion [52, 56] and code
quality [27], other studies �nd these tools are positively associated
with developers’ self-perceived productivity [58].

However, in practice, prior literature indicates that developers do
not accept AI programming assistants’ initial suggestions at a high
frequency. Ziegler et al. [58] found that developers accepted 23.3%,
27.9%, and 28.8% of GitHub Copilot’s suggestions for TypeScript,
JavaScript, and Python respectively. There are many potential rea-
sons for the lack of adoption of AI programming assistants’ sug-
gestions. One study shows that developers feel concerned that the
generated code may contain defects, may not adhere to the project’s
coding style, or may be di�cult to understand [52]. Other studies
report that software developers face barriers in comprehending and
debugging generated code to �t their use cases, because they need
to have prior knowledge of the underlying programming principles,
frameworks, or APIs [12, 56].

While prior work has surfaced initial results about the usability
of state-of-the-art AI programming assistants, to our knowledge,

1. Usage Characteristics
Usage patternsA

Motivation for not usingC

2. Usability of AI Programming Assistants
Usability issuesA

Evaluating outputted codeC

Giving up on outputted codeE

3. Additional Feedback

General concernsA

Understanding outputted codeB

Modifying outputted codeD

User feedbackB

B

Successful use casesD

Motivation for using

Figure 1: An overview of the topics covered in our usability
study of AI programming assistants.

they have not systematically investigated the prevalence of usabil-
ity factors related to these tools. Quantifying the usability of AI
programming assistants could help tool creators understand what
usability aspects are currently successful in practice. Further, it
could help tool creators prioritize features and improvements to the
modeling and user interface of these tools in the future, potentially
increasing the adoption of these tools and improving the produc-
tivity of developers. Usability is an important factor to study in AI
programming assistants, since modeling improvements may not
necessarily address the needs of developers, rendering these tools
hard-to-use or even useless [42].

We performed an exploratory qualitative study in January 2023
to understand developers’ practices when using AI programming
assistants and the importance of the usability challenges that they
face. We used a survey as a research instrument to collect large-
scale data on these phenomena to understand their importance to
the usability of AI programming assistants (see Figure 1).

In the end, we collected and analyzed responses from 410 devel-
opers who were recruited from GitHub repositories related to AI
programming assistants, such as GitHub Copilot and Tabnine [2].
In summary, we �nd that:

Usage characteristics ofAI programming assistants (Section 4)
(1) Developers who use GitHub Copilot report a median of 30.5%

of their code being written with help from the tool.
(2) Developers report the most important reasons why they use

AI programming assistants is because of the tools’ ability
to help developers reduce key-strokes, �nish programming
tasks quickly, and recall syntax.

(3) The most important reasons why developers do not use these
tools at all are that the tools generate code does not meet
certain functional or non-functional requirements and that
it is di�cult to control these tools to generate the desired
output.
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70% of all respondents are 
using or are planning to 
use AI tools in their 
development process this 
year.  

Yes

No, but I plan 
 to soon

No, and I  
don't plan to 29.4%

25.46%

43.78%

Do you currently use AI tools in your 
development process? ?



}{ Stack Overflow Developer Survey 2023 
AI tools in the development process

70% of all respondents are 
using or are planning to use 
AI tools in their 
development process this 
year. Those learning to 
code are more likely than 
professional developers to 
be using or use AI tools 
(82% vs. 70%).

Yes

No, but I plan 
 to soon

No, and I  
don't plan to 17.74%

27.39%

54.87%

Results from people learning to code 
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AI tools in the development process

77% of all respondents are 
favorable or very favorable 
of AI tools for development. 
Professional developers are 
more likely to be indifferent 
than those learning to code 
(17% vs. 15%).

Very  
Favorable

Favorable

Indifferent

Unsure

Unfavorable

Very  
Unfavorable 0.44%

2.76%

4.02%

16.5%

48.56%

27.72%

How favorable is your stance on using AI 
tools as part of your development workflow??
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Perceived Benefits of AI Tools

Increasing productivity is 
the biggest benefit that 
developers see from AI 
tools. Speeding up learning 
and greater efficiency are 
tied for secondary benefits.

Increase  
Productivity

Speed up  
learning

Greater  
efficiency

Improve  
accuracy  
in coding

Improve  
collaboration 3.75%

13.31%

24.96%

25.17%

32.81%

For the AI tools you use as part of your development 
workflow, what are the most important benefits you 
are hoping to achieve?

?
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AI in the Development Workflow

Which parts of your development workflow are you currently using AI tools for and which 
are you interested in using AI tools for over the next year? Please select all that apply.

Writing Code

Debugging &  
Getting Help

Documenting 
Code

Learning about  
a codebase

Testing

Project Planning

Committing & 
Reviewing

Deployment &  
Monitoring

Collaborating with 
 Teammates 41.4%

28.3%

23.0%

29.8%

11.4%

13.1%

8.1%

6.4%

4.5%

30.0%

45.4%

49.5%

38.5%

55.2%

49.0%

50.2%

40.7%

23.7%

3.7%

4.7%

10.1%

13.5%

23.9%

30.1%

34.4%

48.9%

82.6%

Currently Using
Interested
Not Interested

?
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Which parts of your development workflow are you currently using AI tools for and which 
are you interested in using AI tools for over the next year? Please select all that apply.
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AI tools next year

Thinking about how your workflow and process changes over time, how similar or different do you 
anticipate your workflow to be 1 year from now as a result of AI tools you are currently using?

Writing Code

Debugging &  
Getting Help

Documenting 
Code

Learning about  
a codebase

Testing

Project Planning

Committing & 
Reviewing

Deployment &  
Monitoring

Collaborating with 
 Teammates

Very  different Somewhat different Neither Somewhat similar Very similar

?

60%
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Trust in Accuracy of AI Tools

We see developers split on 
their trust in the accuracy 
of the AI output from tools. 
About 42% trust the 
accuracy of the output, 
while 31% are on the fence.

Highly  
Trust

Somewhat  
Trust

Neither trust  
nor distrust

Somewhat  
distrust

Highly  
distrust 5.46%

21.71%

30.68%

39.3%

2.85%

How much do you trust the accuracy of the output 
from AI tools as part of your development workflow??
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'Intelligent' or just Stochastic Parrots?

"Text generated by an LM is not grounded in communicative intent, 
any model of the world, or any model of the reader’s state of mind. It 
can’t have been, because the training data never included sharing 
thoughts with a listener, nor does the machine have the ability to do 
that. This can seem counter-intuitive given the increasingly fluent 
qualities of automatically generated text, but we have to account for 
the fact that our perception of natural language text, regardless of 
how it was generated, is mediated by our own linguistic competence 
and our predisposition to interpret communicative acts as 
conveying coherent meaning and intent, whether or not they do."



"Contrary to how it may seem when we observe its output, an LM is a 
system for haphazardly stitching together sequences of linguistic 
forms it has observed in its vast training data, according to 
probabilistic information about how they combine, but without any 
reference to meaning: a stochastic parrot."
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Bias

Christine Basta, Marta R Costa-jussà, and Noe Casas. 2019. Evaluating 
the Underlying Gender Bias in Contextualized Word Embeddings.  
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"It is well established by 
now that(L)LMs exhibit 
various kinds of bias, like 
stereotypical associations 
or negative sentiments 
towards specific groups"
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We have no clear answer to the issue of "how good" these LLMs are, but we 
want to highlight, with some examples, when they work well and when 
they do not, giving you interesting research ideas
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}{ AI Tools at CodeLounge 
Parrot for Systems in Production

Can we use copilot to generate code for systems in production? 

• Yes, Copilot can be used to generate code for systems in production 
• Copilot is designed to assist developers in writing code efficiently and 

accurately. 
• It supports a wide range of programming languages and frameworks 

commonly used in production environments. 
• However, it's crucial to review and test the generated code thoroughly 

before deploying it in a production system. 
• Copilot can significantly accelerate development processes while 

maintaining code quality and reliability.



}{ AI Tools at CodeLounge 
Parrot for systems in production



}{

Knowing that every delivery note has a 
reference to n boxes and every box has a 
weight, take the delivery notes in status 
CLOSED, aggregate them by date (column 
finalization_date) and location of origin 
(column source_location_uid). For each date 
and location, show 1 as the number of pickups, 
the list of corresponding delivery notes in array 
form, the total weight of the corresponding 
boxes, and their total number. 

AI Tools at CodeLounge 
Parrot for Systems in Production: an example
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We have 3 tables: delivery_note, box, and 
delivery_notes_to_boxes. 
Knowing that every delivery note has a 
reference to n boxes and every box has a 
weight, take the delivery notes in status 
CLOSED, aggregate them by date (column 
finalization_date) and location of origin 
(column source_location_uid). For each date 
and location, show 1 as the number of pickups, 
the list of corresponding delivery notes in array 
form, the total weight of the corresponding 
boxes, and their total number. 
Note that the relationship between delivery 
notes and boxes is many to many, stored in the 
table delivery_notes_to_boxes. In this table the 
boxes are identified by the column box_uid and 
the delivery notes by delivery_note_uid. The 
joins should be inner joins.
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SELECT 
    dn.finalization_date AS date,
    dn.source_location_uid AS location,
    COUNT(*) AS number_of_pickups,
    ARRAY_AGG(dn.delivery_note_uid) AS 
delivery_notes_list,
    SUM(b.weight) AS total_weight,
    COUNT(DISTINCT db.box_uid) AS 
total_number_of_boxes
FROM 
    delivery_note dn
JOIN 
    delivery_notes_to_boxes db ON 
dn.delivery_note_uid = db.delivery_note_uid
JOIN 
    box b ON db.box_uid = b.box_uid
WHERE 
    dn.status = 'CLOSED'
GROUP BY 
    dn.finalization_date, dn.source_location_uid;

We have 3 tables: delivery_note, box, and 
delivery_notes_to_boxes. 
Knowing that every delivery note has a 
reference to n boxes and every box has a 
weight, take the delivery notes in status 
CLOSED, aggregate them by date (column 
finalization_date) and location of origin 
(column source_location_uid). For each date 
and location, show 1 as the number of pickups, 
the list of corresponding delivery notes in array 
form, the total weight of the corresponding 
boxes, and their total number. 
Note that the relationship between delivery 
notes and boxes is many to many, stored in the 
table delivery_notes_to_boxes. In this table the 
boxes are identified by the column box_uid and 
the delivery notes by delivery_note_uid. The 
joins should be inner joins.
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corresponding boxes, and their total number. 
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finalization_date) and location of origin 
(column source_location_uid). For each date 
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the list of corresponding delivery notes in array 
form, the total weight of the corresponding 
boxes, and their total number. 
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and the delivery notes by delivery_note_uid. The 
joins should be inner joins.
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We have 3 tables: delivery_note, box, and 
delivery_notes_to_boxes. 
Knowing that every delivery note has a 
reference to n boxes and every box has a 
weight, take the delivery notes in status 
CLOSED, aggregate them by date (column 
finalization_date) and location of origin 
(column source_location_uid). For each date 
and location, show 1 as the number of pickups, 
the list of corresponding delivery notes in array 
form, the total weight of the corresponding 
boxes, and their total number. 
Note that the relationship between delivery 
notes and boxes is many to many, stored in the 
table delivery_notes_to_boxes. In this table the 
boxes are identified by the column box_uid and 
the delivery notes by delivery_note_uid. The 
joins should be inner joins.

SELECT 
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DATE(dn.finalization_date)::TIMESTAMP

DATE(dn.finalization_date)

1
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So, we could use the parrot to generate the production SQL 

Did we actually do it?
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So, we could use the parrot to generate the production SQL 

Did we actually do it? 
No 

Why? 
• Time saving? 

• Time to write the description 
• Time to verify 

• Trust 
• Ownership

Trust

Commitment

AI Tools at CodeLounge 
Parrot for Systems in Production: an example



}{ The rise of Stochastic Parrots for Developers 
Parrots as Companions

?
There are possible trust issues when using LLMs as companions in 
production. What about other contexts?
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Teaching Context for Testing

Consider the following 
snippet of Java code... It 
represents a method that 
checks that a given 
configuration of a TicTacToe 
board, represented as a 
char array of 9 elements, is 
valid - i.e., it represents a  
board configuration that can 
be reached when following 
the rules of the game... The 
game assumes that X starts.

public class TicTacToe { 

  // ... missing irrelevant part ... 

  static boolean isValid(char board[]) { 

    // Count number of 'X' and 'O'  

    // in the given board 

    int xCount = 0, oCount = 0; 

    for (int i = 0; i < 9; i++) { 

        if (board[i] == 'X') { 

            xCount++; 

        } 

        if (board[i] == 'O') { 

            oCount++; 

        } 

    } 
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public class TicTacToe { 

  // ... missing irrelevant part ... 

  static boolean isValid(char board[]) { 

    // Count number of 'X' and 'O'  

    // in the given board 

    int xCount = 0, oCount = 0; 

    for (int i = 0; i < 9; i++) { 

        if (board[i] == 'X') { 

            xCount++; 

        } 

        if (board[i] == 'O') { 

            oCount++; 

        } 

    } 

 // Board can be valid only if either xCount and oCount 

 // is same or count is one more than oCount 

 if (xCount == oCount || xCount == oCount + 1) { 

  if (isWinningConfig(board, 'O')) { 

      // Check if 'X' is also winner, then return false 

      if (isWinningConfig(board, 'X')) { 

         return false; 

      } 

      // Else return true xCount and yCount are same 

      return (xCount == oCount); 

   } 

   // If 'X' wins, then count of X must be greater 

   if (isWinningConfig(board, 'X') && xCount != oCount + 1) { 

      return false; 

   } 

   // If 'O' is not winner, then return true 

   return true; 

 } 

 return false; 

} 
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public class TicTacToe { 

  // ... missing irrelevant part ... 

  static boolean isValid(char board[]) { 

    // Count number of 'X' and 'O'  

    // in the given board 

    int xCount = 0, oCount = 0; 

    for (int i = 0; i < 9; i++) { 

        if (board[i] == 'X') { 

            xCount++; 

        } 

        if (board[i] == 'O') { 

            oCount++; 

        } 

    } 

 // Board can be valid only if either xCount and oCount 

 // is same or count is one more than oCount 

 if (xCount == oCount || xCount == oCount + 1) { 

  if (isWinningConfig(board, 'O')) { 

      // Check if 'X' is also winner, then return false 

      if (isWinningConfig(board, 'X')) { 

         return false; 

      } 

      // Else return true xCount and yCount are same 

      return (xCount == oCount); 

   } 

   // If 'X' wins, then count of X must be greater 

   if (isWinningConfig(board, 'X') && xCount != oCount + 1) { 

      return false; 

   } 

   // If 'O' is not winner, then return true 

   return true; 

 } 

 return false; 

} 

There is a test case which 
will cover all branches but 
not all statements.
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 // Board can be valid only if either xCount and oCount 

 // is same or count is one more than oCount 
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  if (isWinningConfig(board, 'O')) { 
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   // If 'X' wins, then count of X must be greater 

   if (isWinningConfig(board, 'X') && xCount != oCount + 1) { 

      return false; 

   } 

   // If 'O' is not winner, then return true 

   return true; 

 } 

 return false; 
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There is a test case which 
will cover all branches but 
not all statements.
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}{ Stochastic Parrots as Task Solvers 
An Example
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