
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

FlightRecorder: Tracing Fine-Grained Development with
AI Assistants

Tobias Dick
Saarland University

Saarbrücken, Germany
tdick@cs.uni-saarland.de

Benedict Bliem
Saarland University

Saarbrücken, Germany
bebl00001@stud.uni-saarland.de

Kallistos Weis
Saarland University

Saarbrücken, Germany
kallistos@cs.uni-saarland.de

Alisa Welter
Saarland University

Saarbrücken, Germany
welter@cs.uni-saarland.de

Sven Apel
Saarland University

Saarbrücken, Germany
apel@cs.uni-saarland.de

Abstract
Software development is rapidly transforming with the widespread
adoption of AI coding assistants such as GitHub Copilot. While
research has begun to investigate how these tools change the devel-
opment process, fundamental questions about how code evolves as
developers collaborate with AI agents, particularly at fine-grained
levels of interaction, remain open. A key limitation of existing
research is reliance on telemetry data that cannot distinguish agent-
generated changes from inline completions and human edits, nor
track when and where modifications occur with sufficient preci-
sion.We present FlightRecorder, a lightweight VSCode extension
that collects fine-grained code evolution data without disrupting
the workflows of developers. Our extension integrates three data
sources: snapshots of agent-mode edits, inline completions, and chat
history, all timestamped for precise attribution. Researchers can
export these data in structured formats alongside anonymization
and basic visualization functionality. By making such fine-grained
evolution data accessible, FlightRecorder enables researchers
to investigate fundamental questions about AI-assisted develop-
ment. We provide a replication package, including the code for
FlightRecorder and the data used throughout our paper.1

ACM Reference Format:
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1 Introduction
Software development is undergoing a significant shift with the
widespread adoption of AI coding assistants such as GitHub Copi-
lot2. These tools augment developers through multiple interaction
1We further provide a screencast demo of our tool at https://youtu.be/bZR6aPROVMU.
2https://github.com/features/copilot
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Figure 1: Edit history visualization with code colored by the
edit that introduced it (oldest→ newest).

modes, ranging from inline code completions within the editor to
agent-driven development, where autonomous agents handle itera-
tive cycles of implementation, testing, and refinement. This range
of capability has made AI-assisted development prevalent in indus-
try and has motivated considerable research on LLMs, agents, and
coding assistants [3, 5, 11]. Although prior work has examined how
AI assistance shapes development processes, human-agent collabo-
ration, code evolution, software quality, and long-term engineering
practice remain poorly understood [7].

Most existing studies on how developers use AI coding assis-
tants rely on behavioral telemetry—tracking IDE focus, clipboard
activity, and pasting patterns—rather than analyzing code evolu-
tion directly [2, 4, 8]. A key obstacle is the absence of fine-grained
observational data. The crux is that existing tools cannot reliably
distinguish agent-generated edits from inline completions and hu-
man edits, nor can they track when and where these occur without
disrupting development workflows.

To address this gap, we present FlightRecorder, a VSCode3
extension that collects fine-grained code attribution data when de-
velopers use GitHub Copilot, without disrupting their workflows.
Beyond data collection, FlightRecorder includes anonymization
and visualization functionality (see Figure 2) to support ethical
research practices and enable initial exploration of the collected
data. Our extension captures three complementary data sources: (1)
snapshots of code edits made by GitHub Copilot’s agent mode, (2)
accepted inline code completions, and (3) the agent’s chat history.

Each data source is timestamped allowing researchers to cor-
relate modifications across all three sources and reconstruct the
3https://code.visualstudio.com

1

https://doi.org/10.5281/zenodo.20134366
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complete picture of code evolution. Since agents can perform many
code edits in rapid succession, FlightRecorder does not capture
every individual edit. Instead, it accumulates edits until the agent
has not made code edits within a user-configurable debounce win-
dow. At these pauses, FlightRecorder creates snapshots of the
accumulated agent edits. These snapshots, combined with inline
completion logs and chat history, are then exported in a structured
format that researchers can analyze.

By collecting these data with precise timestamps, researchers can
reconstruct and attribute code evolution, identifying which lines
were added or modified, when they were edited, and which tool
or interaction triggered each edit, and thus can finally investigate
the concrete questions that matter to understand AI-assisted devel-
opment. How do agents and humans work together to structure
source code? Do agents make edits linearly, moving sequentially
through files, or do they follow conceptual logic and control flow?
How much effort do developers invest in refactoring or building
upon agent suggestions? Examining these patterns reveals how
code evolves when humans and agents work together.

We evaluate FlightRecorder in a controlled study with 18
participants using GitHub Copilot working on an open-ended
development task either alone (human–AI) or in pairs (human–
human–AI). Our study demonstrates that FlightRecorder reliably
captures meaningful data about code evolution and developer-agent
interaction. We further show how to analyze the collected data
through FlightRecorder’s built-in edit history visualization and
discuss potential applications for research and practice.

2 Background and Related Work
AI coding assistants, such as GitHub Copilot, have become widely
adopted in software engineering practice. Initially, these tools aimed
to increase developer productivity by reducing manual coding ef-
fort and accelerating routine tasks, for example through real-time
code suggestions within an IDE. Recent advances have enabled
AI coding assistants to function as autonomous agents capable of
executing multi-step software engineering tasks with little to no
human intervention. Consequently, a growing body of work has
begun to investigate how developers interact with these agents, as
well as how such systems influence software development practices
and developer behavior [6, 10, 11].

To track how developers interact with AI coding assistants, prior
work often relies on screen recordings and manual annotation of
coding sessions [1, 10]. Going further, Guglielmi et al. [4] track
developer behavior using an IDE plugin, called Tako, screen record-
ings, and survey data to compare tasks performed with and without
GitHub Copilot, investigating how code suggestions affect de-
veloper productivity. Tako captures inline code completions—the
primary interaction mode with GitHub Copilot at the time of the
study—and provides a dedicated analytics view summarizing us-
age statistics. However, as GitHub Copilot has evolved, its inline
completion tracking appears to no longer function, and edits made
by the agent are not supported. Tang et al. [8] present CodeGRITS,
a JetBrains plugin that combines IDE interaction tracking with
eye gaze data to study developers’ cognitive processes, and apply
it to examine how developers validate and repair LLM-generated
code [9], but do not track AI-generated edits directly. Closer to

our work, Basha et al. present CodeWatcher [2], a client-server
system with a VSCode plugin that captures fine-grained developer
interaction events such as insertions, deletions, copy-paste actions
and window focus. Javahar et al. [6] use CodeWatcher to study de-
velopers using an AI coding assistant, specifically Amazon’s Code-
Whisperer, to uncover behavioral patterns during development.
Crucially, CodeWatcher only has access to IDE telemetry and not
to the coding assistant itself, and must therefore infer AI-generated
edits through heuristics such as the size of an insertion.

3 FlightRecorder
FlightRecorder is implemented as a lightweight VSCode exten-
sion available on the VSCode Marketplace4 and is open source5.
It runs locally on the developer’s machine, integrating seamlessly
into their existing workflow with Git as its only dependency.

Recording AI Interactions. FlightRecorder records AI-related
events within explicitly delimited recording sessions that the devel-
oper can start and stop on demand. It works by continuously moni-
toring GitHub Copilot’s log output for a selected workspace, de-
tecting events that correspond to either accepted inline completions
or applied agent edits. For each detected event, FlightRecorder
records a timestamp and the set of affected files, then immedi-
ately captures a snapshot of the current file state. Additional event-
specific metadata, including the event type, timestamp, and a list
of affected files are stored alongside each snapshot in a structured
JSON format. Snapshots are persisted as commits in a Git repository
that FlightRecorder maintains automatically in the background,
storing the recorded history in a well-established, portable format
and allowing later analyses to build on existing Git tooling. To
avoid inflating the snapshot history during rapid successive edits,
events that fall within a configurable debounce window are col-
lapsed into a single commit, with all individual event-metadata
kept intact. Beyond event-based snapshots, FlightRecorder ex-
ports two complementary artifacts either on request or when a
recording session ends: (1) a chat session export, which captures the
conversation files that VSCode stores locally for the chat interface,
and (2) the raw log file that GitHub Copilot writes to disk during
the session. Both artifacts are stored verbatim in the repository,
with the only transformations applied being the path and identity
anonymizations described below.

Anonymization. For FlightRecorder to be usable in research
settings, the collected repositories must not leak personal informa-
tion such as the developer’s identity or local file system structure.
To this end, FlightRecorder provides a command that produces
an anonymized clone of the collected repository by rewriting its
full Git history using git-filter-repo6. Author and committer identi-
ties are replaced with stable, deterministic placeholders, ensuring
that co-author relationships are preserved across the full history.
Absolute paths in file contents and commit messages are replaced
as well. Users can configure whether to replace only paths that
identify the developer’s machine or all absolute paths.

4https://marketplace.visualstudio.com/items?itemName=SE-SIC.flight-recorder
5https://github.com/se-sic/flight-recorder
6https://github.com/newren/git-filter-repo
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Edit History Visualization. To support qualitative analysis of
AI-assisted development data, FlightRecorder provides an inter-
active edit history visualization that attributes each character of
code to the commit that introduced it. Characters are color-coded
by their originating commit, and hovering over any region surfaces
the contextual metadata recorded at that point, including the event
type, timestamp, and affected files. The color scheme can be con-
figured in three modes: two timeline views that position commits
relative to either the full repository history or the current file, and
an event-type view that distinguishes between inline completions
and agent edits. Together, these views allow researchers to trace
how AI-generated code evolves across a session, identifying which
regions survive intact, which are iteratively revised, and which are
discarded shortly after being introduced.

Scope & Limitations. FlightRecorder is designed to capture
GitHubCopilot activity during active development sessionswithin
a single VSCode workspace, encompassing both GitHub Copilot-
induced code changes and chat sessions. All recording is strictly
scoped to that workspace; no data from other projects orworkspaces
is collected, and nothing is written outside the local repository. Since
changes are recorded via Git commits, only accepted inline com-
pletions are captured cleanly, as rejected suggestions leave no trace.
Agent edits present a subtler challenge: because acceptance is a VS-
Code feature rather than a GitHub Copilot one, FlightRecorder
cannot intercept it, and instead captures the full edit as soon as
it is applied, before the developer has had a chance to review it.
A subsequent rejection can therefore only be inferred from later
snapshots rather than being attributed to GitHub Copilot directly.
While FlightRecorder does not establish a direct link between
agent edits and user prompts, each agent-edit snapshot includes the
corresponding request identifier, enabling downstream analyses to
correlate it with the prompt that triggered the edit.

4 Showcase
To evaluate FlightRecorder, we conduct a controlled empirical
study to demonstrate the data it captures and analyses it enables.
We report the collected data and key insights enabled by our tool.

Study Setup. We recruited 18 computer science students (under-
graduate and graduate) from a seminar to participate in our study.
Participants were given a specification for a small coding project
with two parts: a guided first part with detailed specifications,
and an open-ended second part offering extension ideas. Partic-
ipants either worked individually with GitHub Copilot (human–
AI, 𝑛 = 8) or in pairs (human–human–AI, 𝑛 = 10). All participants
implemented the project in Python over a 60-minute session, using
FlightRecorder to record their activity on their own machines.
Prior to the study, all participants provided informed consent.

Refining our study protocol, we conducted a pilot study with
several students, which allowed us to improve the project specifica-
tion and address robustness issues in FlightRecorder, particularly
its handling of Git misconfigurations and compatibility across log
formats from different GitHub Copilot versions. Following these
refinements, we collected valid data from 16 of 18 participants; one
used the command line GitHub Copilot rather than VSCode’s in-
tegrated version, and another encountered Git configuration issues
mid-session; both were excluded from our analysis.
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Figure 2: Edit timeline across 6 human–AI and 5 human–
human–AI groups. Circled clusters denote multiple agent-
edits within the same chat response.

Workflow Insights. FlightRecorder enables us to reconstruct a
detailed timeline of AI-related activity for each group, as displayed
in Figure 2, with the 60-minute observation window beginning at
their first request to GitHub Copilot. Recorded events include
inline completions and agent operations, where agent operations
encompass file creation, string replacement, and the primary inter-
actionmode agent edits. The timeline reveals distinct usage patterns:
while agent-edits predominate across most sessions, groups differ
notably in their reliance on inline completions and the duration of
idle periods between agent interactions.

Interestingly, in the human–human–AI setting, manual editing
(i.e., direct code modification or inline completions without in-
voking the agent) is nearly absent. A manual analysis confirms
that human–human–AI pairs worked almost exclusively through
GitHub Copilot’s agent, directing it and interpreting its output
rather than writing code themselves. The human–AI condition ex-
hibits greater heterogeneity. Group 6 mirrors the human–human–
AI pattern, relying almost exclusively on the agent, while the re-
maining groups fall into two patterns: groups 4 and 5 alternated
between agent use and inline completions, whereas groups 1 and 3
manually edited code without relying on completions. Group 2 rep-
resents a technical outlier: although they used the agent between
minutes 5 and 35, it operated via the command-line tool rather than
VSCode’s edit-tool, creating a gap in recorded data and preventing
the capture of individual change acceptances or rejections7.

File-level Inspection. FlightRecorder ’s edit history visualiza-
tion allows us to inspect how code evolves at the file level for individ-
ual participants. Figure 1 shows a function written by group 8, one
of the human–human–AI pairs that worked exclusively through the
agent. In this function, an initial commit (blue) establishes the core
implementation, before later edits (yellow, red) extend the function
with additional optional parameters. This progression suggests that
the group first created this function when directing the agent to

7Group 2 used the weakest available LLM at the time, which likely explains this atypical
behavior, especially the failure to follow GitHub Copilot’s tool-use instructions.

3



349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

Conference’17, July 2017, Washington, DC, USA Tobias Dick, Benedict Bliem, Kallistos Weis, Alisa Welter, and Sven Apel

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

satisfy the guided specification. They later returned to extend it
with two separate features from the open-ended part of the project.
While this interpretation requires manual inspection to confirm, it
illustrates how the edit history visualization can surface structure
that is not visible in the session-level timeline: the correspondence
between edit events and distinct phases of the task.

5 Discussion
The data collected by FlightRecorder open several avenues for
both research and practice. In what follows, we discuss how the
collected snapshots can be leveraged to understand agent-assisted
development workflows, support developers during interactive cod-
ing sessions, and improve code review practices when working
with agents. We conclude by outlining promising directions for
future extensions of FlightRecorder.

Understanding AI-Assisted Development Workflows. Code
evolution is typically tracked through version control systems or
direct observation of developers. AI-assisted software development
introduces a qualitatively different challenge: agents can generate
substantial amounts of code and perform numerousmodifications in
a short span of time, making it difficult to understand the evolution
of the codebase through conventional means. FlightRecorder
addresses this by capturing atomic snapshots of agent edits during
a development session, providing fine-grained visibility into how
code evolves when developers interact with AI agents. This enables
researchers to study AI-assisted development practices in controlled
settings and identify recurring interaction patterns, such as which
code regions undergo repeated modifications versus which are
created once and left intact. Such insights may help understanding
how developers leverage agents effectively and which interaction
strategies prove most productive.

Supporting Interactive Development with Agents. Beyond re-
search applications, FlightRecorder offers potential to enhance
the developer experience during agent-assisted coding. When de-
velopers request substantial changes—such as adding features or
fixing bugs—agents often generate large changesets that may ne-
cessitate iterative refinements or backtracking if the changes prove
unsuitable. The snapshot mechanism that FlightRecorder pro-
vides enables developers to easily revert to previous states within
a session, offering a form of fine-grained undo that accounts for
the scale of agent-generated changes. However, translating this
capability to production environments introduces practical chal-
lenges. The atomic-level granularity of FlightRecorder’s snap-
shots, while valuable for detailed analysis, becomes unwieldy in
large collaborative codebases, where hundreds of agent edits would
generate correspondingly many commits and clutter the project’s
version control history. To make this approach viable, developers
would need to selectively collapse related changes into coherent
commits before merging, or work within isolated branches during
AI-assisted sessions. Nevertheless, the underlying idea of leveraging
fine-grained interaction history to support iterative development
merits further exploration for real-world deployment.

Improving Code Review for Large Changesets. A critical chal-
lenge in AI-assisted development is conducting effective code re-
view when agents introduce hundreds or thousands of lines in a

single session. The edit history captured by FlightRecorder could
inform code review by surfacing heavily-modified code regions as
high-priority for more careful review. Distinguishing between code
that evolved through iteration (indicating developer uncertainty
or agent overcorrection) and code that remained stable from cre-
ation gives reviewers additional information about which sections
may need increased attention. Such contextual information, de-
rived from the interaction history rather than static analysis, could
complement existing review practices.

6 Conclusion
We introduce FlightRecorder, a lightweight VSCode extension
that captures fine-grained code evolution data during AI-assisted
development. We show that our tool reliably surfaces behavioral
patterns that telemetry-based approaches cannot distinguish, vali-
dated through a controlled study with 18 participants.

FlightRecorder is open source, and we plan to extend it in
several directions. Continuously staging human-made edits would
cleanly separate human and AI contributions in the repository his-
tory. Capturing a wider range of agent tool uses—such as terminal
commands or Web searches—would yield more complete records of
how agents navigate complex development tasks. We also plan to
extend support to additional AI coding assistants such as Claude
Code. We welcome community contributions.

7 Data Availability
For reproducability, we provide a replication package, including
the code for FlightRecorder and the data used throughout our
paper at https://doi.org/10.5281/zenodo.20134366.
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