HookLens: Visual Analytics for Understanding React Hooks Structures
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Figure 1: The overview of HOOKLENS. The nested directed node-link diagram visualizes the structure of a React application.
Nodes represent Components, Props, and Hooks—key elements for understanding React—and edges indicate their relationships.
Nodes for Props and Hooks are nested within Component nodes and are initially hidden. Users can click a Component node to reveal
its internal Props, Hooks and their relationships, and then examine these details (A). Users can also click a Prop or Hook node to
highlight its relevant nodes and edges (B). Potentially problematic Components, Props, Hooks, and relationships are highlighted with
red outlines and edges (C). Moreover, users can view the associated source code in the code viewer (D).

ABSTRACT

Maintaining and refactoring React web applications is challeng-
ing, as React code often becomes complex due to its core API
called Hooks. For example, Hooks often lead developers to cre-
ate complex dependencies among components, making code behav-
ior unpredictable and reducing maintainability, i.e., anti-patterns.
To address this challenge, we present HOOKLENS, an interac-
tive visual analytics system that helps developers understand how
Hooks define dependencies and data flows between components.
Informed by an iterative design process with experienced React de-
velopers, HOOKLENS supports users to efficiently understand the
structure and dependencies between components and to identify
anti-patterns. A quantitative user study with 12 React developers
demonstrates that HOOKLENS significantly improves participants’
accuracy in detecting anti-patterns compared to conventional code
editors. Moreover, a comparative study with state-of-the-art LLM-
based coding assistants confirms that these improvements even sur-
pass the capabilities of such coding assistants on the same task.

Index Terms: Visual analytics, Software visualization, Code anal-
ysis, Dependency graph visualization, React, Anti-pattern detec-
tion.
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1 INTRODUCTION

React! is widely used in modern web development, but maintain-
ing and refactoring React applications remains challenging. Un-
like conventional web development, where the code that defines the
structure, functionality, and design of user interface (UI) compo-
nents is scattered across multiple files, React enables developers to
implement these components as self-contained functions. By do-
ing so, React helps developers build applications more intuitively
and efficiently. Furthermore, Hooks, the core API of React, extend
the functionality of each component, enabling the development of
more dynamic and interactive applications. However, Hooks of-
ten introduce complex dependencies among components, creating
anti-patterns that make code unpredictable, difficult to understand,
and challenging to maintain [14, 12]. For example, when Hooks
are used across hierarchically nested components, developers fre-
quently pass data through intermediate components that do not di-
rectly use it; this anti-pattern forces them to review multiple com-
ponents when modifying a single one.

To address this challenge, we propose HOOKLENS, an interac-
tive visual analytics system that supports developers in understand-
ing the structure and dependencies of React code from the perspec-
tive of Hooks. We first conduct preliminary interviews with three
experienced React developers to identify the core tasks involved
in understanding and refactoring React applications. We then con-
duct an iterative design process with eight additional experienced
React developers, enhancing the usability of HOOKLENS and its
effectiveness in visually exploring code structure and identifying
anti-patterns. Our final prototype of HOOKLENS enables users to
analyze the structure of applications, from component hierarchies
to code-level details, through details-on-demand interactions.
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To demonstrate the effectiveness and usability of HOOKLENS,
we conduct a quantitative user study with 12 React developers
of varying levels of expertise. Participants are asked to iden-
tify anti-patterns associated with Hooks in React code using both
HOOKLENS and a conventional code editor (VS Code). We fur-
ther compare the result obtained from participants using HOOK-
LENS with those produced by state-of-the-art LLM-based coding
assistants, such as Claude Code, on the same task to examine
the analytical capabilities of these assistants. The results indicate
that HOOKLENS substantially improves the accuracy in identifying
anti-patterns compared to VS Code, and even outperforms LLM-
based assistants, underscoring the continued importance of visual
analytics in understanding complex React applications.

In summary, our contributions are as follows:

* We identify core tasks and design requirements to understand Re-
act applications based on interviews and an iterative design pro-
cess.

* We introduce HOOKLENS, an interactive visual analytics system
that helps developers better understand the code structure of Re-
act applications and more effectively detect anti-patterns.

* We demonstrate the effectiveness and usability of HOOKLENS
through a user study with real-world React projects and a com-
parative study with LLM-based coding assistants.

HOOKLENS is available at https://hook-lens.github.io/
hook-1lens/, where users can freely upload their codebase or con-
nect their GitHub repository.

2 BACKGROUND

We discuss the preliminaries essential for understanding the re-
mainder of this paper.

2.1 React

React is one of the most widely used libraries for developing web
applications [57]. React creates and manages individual UI ele-
ments as functions called Components. The way each Component
manages its data and functionalities is defined by a core API in Re-
act called Hooks.

Components. Components are functions that define UI ele-
ments [13, 35]. Components can declare child Components and
pass data to them via arguments called Props. By tracing these
hierarchies of Components, developers can easily understand the
application’s UI and behavior.

Hooks. Hooks allow React applications to perform complex op-
erations by defining how they manage information and handle ex-
ternal interactions, such as data fetching or user input (e.g., mouse
clicks) [33]. Among various built-in Hooks, we focus on two fun-
damental Hooks: State and Effect. These two Hooks are intro-
duced early in the official React tutorials [38, 39] and are essen-
tial for understanding both the life cycle of Components [36] and
their rendering process [37]. In fact, our analysis of Stack Over-
flow? posts from 2020 to 2024 reveals that questions about these
two Hooks account for 82% of all Hooks-related posts, indicating
that developers frequently struggle to use them (Figure 2). The two
Hooks are described as follows:

State Hook, which can be defined using a function named
useState, manages data within a Component. The value stored
in a State Hook can be accessed within the corresponding
Component and passed to its child Components through Props.
When this value is modified by external sources, such as user in-
teractions, the Hook triggers a re-render of the Component and its
child Components to reflect the update. In this way, the State
Hook enables developers to build dynamic and interactive applica-
tions that respond to data changes.

2https ://stackoverflow.com/
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Figure 2: Ratio of posts about each built-in Hook on Stack Overflow
(2020—2024). Data are obtained by querying posts tagged with re-
actjs that mention the name of each Hook using the Stack Exchange
API (https://api.stackexchange.com/). useState and useEffect
denote the functions for the State and Effect Hooks, respectively.

Effect Hook, provided by the useEffect function, defines how
a Component responds to changes in external sources. This Hook
allows developers to specify the operations to perform (logic) and
the conditions that trigger them (dependencies), which typically de-
pend on the values of State Hooks or Props. For example, when
a value of State Hook included in the dependencies of an Effect
Hook changes, the associated logic is executed. The Effect Hook
thus enables React applications to perform operations beyond re-
rendering, such as synchronizing data with other Components or
external sources.

We refer to State Hook and Effect Hook simply as State and
Effect hereafter.

2.2 Anti-Patterns in React

Although Hooks are powerful for developing interactive and dy-
namic applications, unmanaged or excessive use of them often
leads to undesirable complexities and problems, known as anti-
patterns [14, 12]. Various anti-patterns are identified in React de-
velopment [12, 43, 14, 49], but we mainly focus on three major
anti-patterns related to States and Effects [34, 40]. The follow-
ing are descriptions of these three anti-patterns (Figure 3):

Unreferenced States and Props. This anti-pattern denotes a code
pattern in which State values or Props are either unused within
their defining Components or merely passed to another Component
without being utilized. This pattern can increase memory consump-
tion and introduce unnecessary code, potentially leading to addi-
tional anti-patterns.

Prop drilling. This pattern occurs when State values are passed
through multiple Components without being directly used within
them. It introduces unnecessary dependencies and data flows
among Components, making the code more difficult to maintain
and the flow of data harder to trace.

Effect modifying parent States. This pattern refers to code in which
the State values of a parent Component are modified by the execu-
tion of an Effect defined in one of its child Components. Such a
pattern complicates the understanding of the application’s behavior
due to unpredictable State values changes, often leading to unin-
tended outcomes or bugs.

3 RELATED WORK

We discuss prior studies related to HOOKLENS. We first review
research on analyzing React applications from various perspectives,
followed by studies on software visualization that aim to analyze
and understand code.
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Figure 3: Examples of three anti-patterns. Each code snippet illustrates Unreferenced States and Props, Effect modifying parent States, and
Prop drilling, respectively. In each example, relevant States, Effects and Props within Components are highlighted with red outlines, while red

edges across Components indicate State propagation paths.

3.1 React Application Analysis

React has become widely used for web development, attracting re-
search attention. For example, Sharma et al. [53] compare the per-
formance of React with other frameworks such as Angular, while
ReactAppScan [18] introduces a tool for detecting security vul-
nerabilities. Despite these efforts, our understanding of address-
ing the complexity arising from the architecture of Components
and Hooks remains limited, particularly in supporting maintenance
tasks. To the best of our knowledge, React-tRace [28] is the only
attempt to address this gap. It analyzes the semantics of React
code, focusing on the rendering process to support UI debugging.
However, interpretability remains an issue, as users cannot read-
ily locate the specific code where the problems originate. Simi-
larly, though studies analyze React code to identify and mitigate
anti-patterns [14, 13, 44], detecting anti-patterns across multiple
files—particularly those involving Hooks—remains challenging.
Visual analytics approaches, such as React Bratus [5] and Tarner
et al. [59], aim to address this limitation by visualizing hierarchical
Component structures, but developers still struggle to understand
the behavior of Hooks and the dynamic nature of React applica-
tions.

Our contribution. We propose a visual analytics system that
assists developers in understanding code structures and detecting
anti-patterns in React applications. Unlike prior studies [5, 59] that
primarily focus on Component structures or execution outcomes,
our approach centers on the interactions among Components and
Hooks, similar in spirit to React-tRace [28]. However, rather
than analyzing rendering semantics, we focus on uncovering anti-
patterns that emerge within React environments shaped by Hooks.
Through this approach, developers can gain a deeper understand-
ing of how Hooks influence the behavior of React applications and
more effectively explore anti-patterns related to Hooks.

3.2 Software Visualization

The utility of software visualization. Visualization and visual
analytics are widely used to analyze, debug, and maintain soft-
ware [7, 30, 25, 24]. Prior studies demonstrate that software visu-
alization helps developers understand concepts that bind to certain
environments or programming languages. For example, RustViz [1]
visually illustrates difficult-to-understand concepts in Rust, such
as ownership and borrowing. InterLink [29] reveals the relation-
ship between code and text cells in computational notebooks (e.g.,
Jupyter). Software visualization can also uncover hidden informa-

tion that is hard to perceive in raw source code, such as module de-
pendencies or data flows. For instance, Gouveia et al. [17] represent
the execution counts for each code segment using visual diagrams
to support runtime debugging. GraphBuddy [6] and DeJEE [54]
visualize the dependencies between modules and libraries in Java
environments. Similarly, Reactive Inspector [51] and RxFiddle [4]
provide visual debugging tools that visualize signal flows and de-
pendencies in reactive programming environments.

The utility of node-link diagrams in software visualization.
While prior studies employ diverse visual idioms for software vi-
sualization, node-link diagrams stand out as a particularly effective
and widely adopted approach. Many of the aforementioned sys-
tems either directly employ node-link diagrams [6, 54, 51, 4] or
incorporate them into their visual designs [1, 29]. This is because
node-link diagrams intuitively reveal relationships such as depen-
dencies and data or control flows among program elements (e.g.,
functions, classes, and modules) [50]. For instance, E-Quality [59]
visualizes code quality metrics on node-link diagrams by follow-
ing relationships among classes to support refactoring and assess
maintainability. In contrast, REACHER [27] and Ishio et al. [21]
employ node-link diagrams to assist program comprehension by
revealing control and data flows within the source code. Beyond
traditional programming environments, Rapsai [9] and Misty [31]
extend this approach to higher-level development tasks such as con-
structing machine learning pipelines and prototyping mobile Uls.
More recently, node-link diagrams are employed to support LLM-
based code generation, visualizing user prompts instead of source
code to help users interpret and guide the code generation pro-
cess [10, 69, 47].

Our contribution. Building on the proven utility of visualiza-
tion in software analysis and maintenance, we employ software
visualization—particularly node-link diagrams—to support code
comprehension and anti-pattern detection based on Components
and Hooks. As prior works demonstrate the effectiveness of node-
link diagrams across diverse software analysis, development and
maintenance tasks, we extend conventional node-link diagrams
into a nested and interactive structure. Our approach enables
developers to more effectively explore the hierarchical structure
of Components and uncover hidden dependencies introduced by
Hooks within these hierarchies.

4 TAsSKS AND DESIGN REQUIREMENTS
We introduce the tasks and design requirements of HOOKLENS.



4.1 Tasks

We identify two core tasks through a semi-structured preliminary
interview. We recruit three React developers (three males, aged 28,
30, and 34) with over two years of experience and intermediate pro-
ficiency. All participants have experience working on at least two
projects, either individually or in small teams of up to four mem-
bers. We ask participants about their use of Hooks—particularly
State and Effect—in maintaining and refactoring code. Each
interview lasts up to 35 minutes.

(T1) Managing States and their propagation among Compo-
nents. States within each Component are closely tied to its exe-
cution logic and rendering outcomes, and child Components may
also depend on certain States from their parent Components for
their own execution. While States serve as essential and powerful
tools for creating dynamic and interactive Components, develop-
ers often fail to manage them properly or tend to overuse them. In
particular, developers often propagate State values and their setter
functions redundantly across multiple child Components for conve-
nience (i.e., prop drilling) Such unmanaged and widely propagated
States make it difficult to trace their origins, and as the number
of Components increases, even minor code changes may require
reviewing or modifying a large number of Components, thereby
reducing maintainability. Therefore, developers need to understand
where States are defined, how they are propagated, and which
Components are affected by their changes.

(T2) Tracking the chains of Effects. As the logic defined in
Effects can execute independently from the rendering process of
React, developers need to track and understand how these Effects
are executed. However, when a Component handles too many func-
tionalities or becomes overly complex, excessive use of Effects
may occur, forming long chains of Effects. In some cases, these
Effects even propagate upward through the Component hierar-
chy, affecting parent Components (i.e., Effect modifying parent
states). Since these Effects depend on runtime conditions and
are triggered by external sources across multiple Components, pre-
dicting their outcomes is challenging. Such unpredictability can
introduce unintended behaviors that are difficult to trace and fix,
and can further degrade application performance. Therefore, de-
velopers should carefully track and understand the behaviors and
outcomes defined by these Effects.

4.2 Design Requirements

We formulate design requirements to support developers in effec-
tively performing the core tasks identified in Section 4.1.

(DR1) Focus on Props, States, and Effects within Components.
Although diverse approaches exist for analyzing React applica-
tions [5, 59], developers primarily reason about Component be-
havior through Props, States, and Effects (T1--T2). This is
because States and Effects play crucial roles in determining ap-
plication behavior (e.g., rendering process and Component life cy-
cle), while Props serve as essential links to trace data and control
flow across Components. Therefore, HOOKLENS should focus on
these three elements to help developers understand data flow, debug
logic, and identify dependencies.

(DR2) Deliver the hierarchical structure of Components. React
applications operate and render based on the hierarchical structures
of Components, where State values propagate along these hier-
archies through Props. To understand such operations and propa-
gation (T1), developers need to examine the hierarchical relation-
ships among Components. However, these hierarchies are often
deeply nested and difficult to infer from source code alone. There-
fore, HOOKLENS visually represents these hierarchical structures
to help developers comprehend how data and control flow through
the Component hierarchy.

(DR3) Explain the dynamic interactions among Props, States,
and Effects. Beyond identifying these core elements (DR1), under-
standing how they dynamically interact is key to reasoning about
React application behavior. In React applications, data and con-
trol flows emerge from the interactions among Props, States, and
Effects (Section 2.1). For example, updates to States of the
parent Component may propagate as Props to child Components
(T1), triggering Effects that perform additional operations (T2).
Therefore, HOOKLENS should visualize these dynamic dependen-
cies to help developers understand how these elements influence the
overall behavior of applications.

(DR4) Reveal potential anti-patterns. While anti-pattern detec-
tion is crucial for refactoring [23, 15], it remains challenging in
React code, especially as applications scale in size and complex-
ity. In particular, anti-patterns related to Hooks often span mul-
tiple Components and files (e.g., prop drilling and Effect modify-
ing parent states), making them difficult to detect and trace. These
complexities hinder issue resolution and reduce code maintainabil-
ity. Therefore, HOOKLENS should highlight problematic patterns
in the use of Hooks to help developers identify and address poten-
tial issues and refactoring opportunities.

5 ITERATIVE DESIGN PROCESS
We adopt an iterative design process to develop HOOKLENS.

Designing the initial prototype. We first build an initial prototype
based on the design requirements (Section 4.2) to explore potential
improvements in visual representations and interactions. Our proto-
type visualizes the hierarchical structure of Components (DR2) and
the relationships among States and Effects (DR1, DR3) through
a node-link diagram. Moreover, the prototype can automatically
detect and visually highlight unreferenced states and props anti-
patterns (DR4).

Receiving feedback from experienced React developers. We
conduct feedback sessions with eight experienced React develop-
ers (eight males, aged 22-31 [2745]), each with more than two
years of experience. During each session, we explain the goal of
HOOKLENS to the participants and demonstrate its functionality
using a sample project that contains several anti-patterns, such as
unreferenced states and props and prop drilling. We then present a
simple scenario in which participants trace States within a specific
Component and identify the dependencies of an Effect. Through-
out the session, participants are encouraged to freely share their
opinions and suggestions regarding the prototype.

Designing the final prototype. Based on the feedback, we refine
the final prototype of HOOKLENS with two major improvements.

(11) Highlight areas of interest. While most participants agree that
the prototype effectively reveals the structural relationships among
Components, States, and Effects, they report difficulties in
keeping track of which elements they are focusing on during explo-
ration. This issue becomes particularly critical in larger projects,
where the large number of nodes and edges makes navigation more
challenging. To address this, we enable users to interactively select
and visually emphasize areas of interest.

(12) Integrate a code viewer for detailed analysis. Participants
emphasize the need for an integrated code viewer to support de-
tailed analysis of the application. Although they can identify
Components or Hooks where issues exist or validation is required,
the prototype alone makes it difficult to review exact execution
timings or data changes. In particular, some participants suggest
adding a feature that directly displays the code related to the fo-
cused Components or Hooks. We therefore integrate a code viewer
that highlights the code corresponding to the elements currently fo-
cused in the visualization.
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Figure 4: Data extraction and visualization pipeline of HOOK-
LENS. HOOKLENS parses source files into abstract syntax trees
(ASTs) using Espree and the TypeScript compiler API, then extracts
Components, Hooks, and their reference relationships with predefined
rules. It visualizes the extracted data as a node-link diagram, high-
lighting invalid references in red to facilitate anti-pattern detection.

6 HOOKLENS: AN INTERACTIVE VISUAL ANALYTICS SYs-
TEM

We present HOOKLENS, an interactive visual analytics system that
helps developers understand the overall structure of React applica-
tions through Components and Hooks, and identify related anti-
patterns. The system extracts key elements such as Components,
Props, and Hooks from a given React project and visualizes their
relationships through an interactive node-link diagram.

6.1 Data Extraction Pipeline

Given a React project, HOOKLENS extracts Components, Props,
and Hooks (i.e., States and Effects) and builds structured data
based on the relationships among these elements (DR1; Figure 4A).
To ensure fast and consistent extraction of these elements, we de-
velop a rule-based extractor module. We first leverage (1) the com-
piler API of TypeScript [41] and (2) the open-source JavaScript
parser, Espree [11], to convert the source code into abstract syntax
trees (ASTs). We adopt ASTs because they are widely used for
static code analysis [64, 62] and facilitate systematic exploration
of source code. Building on these ASTs, we implement extraction
logic that detects Components, Props, States, and Effects, and
constructs their relationships. This logic follows predefined rules
to identify target elements and trace their dependencies. Further-
more, the extractor verifies reference relationships among the ex-
tracted elements to identify unreferenced or unused Components,
Props, and States, as well as Effects that introduce backward
dependencies to their parent Components. As a result, the extrac-
tor module builds a graph-structured dataset that represents the ex-
tracted elements and their relationships.

6.2 Visual Analytics Design

We describe how HOOKLENS visualizes code structures and anti-
patterns related to Hooks (Figure 4B), and how it supports interac-
tive exploration (Figure 1).

Visualization for Components and Hooks. HOOKLENS visual-
izes the extracted Components, Props, and Hooks, along with
their relationships, using an interactive node-link diagram. Since
node-link diagrams align with how developers conceptualize func-
tion calls and data flows [50], HOOKLENS adopts this approach
to facilitate users’ understanding of State value propagation (T1)
and chains of Effects (T2). Nodes in the diagram represent
extracted elements—Components, Props, States, and Effects

(DR1)—while edges indicate relationships such as dependencies
of Effects and data flows between States and Props (DR3).
In particular, State, Prop, and Effect nodes are placed within
their corresponding Component node to indicate that these ele-
ments are defined by the Component. To clearly distinguish dif-
ferent types of nodes and edges, we use distinct hues with con-
sistent saturation levels, thereby avoiding unintended implications
of ordinal attributes [61, 32]. Furthermore, HOOKLENS highlights
potential anti-patterns (Figure 5) using animated red outlines and
edges (DR4; Figure 1B). Based on the reference relationships veri-
fied during the extraction process (Figure 4), the system emphasizes
unreferenced or unused elements as well as Effects that introduce
backward dependencies to their parent Components. These visual
cues make potential anti-patterns visually salient, as all target anti-
patterns in this study arise from reference relationships and their
associated data or control flows. We adopt red as it is a widely
recognized visual cue for warnings in development environments.

Interactive exploration. To help users explore relationships
among Hooks without cognitive overload, we design HOOKLENS
following Shneiderman’s visual information seeking mantra [55].
The system first presents an overview of Components and their
relationships, providing a high-level understanding of the project.
Component nodes are arranged horizontally by hierarchy, enabling
developers to view deeply nested structures within a single screen
(DR2). Users can then reveal States, Effects, Props, and their
relationships on demand. Clicking on a Component node expands
it to show its internal States, Effects, and Props (Figure 1A
and B). When related Components are also expanded, the system
visualizes edges representing the propagation of State values and
Props (DR3). Clicking a State, Effect, or Prop node highlights
its related data and control flows while dimming others (I1; Fig-
ure 1C). Users can further navigate the diagram using pan and zoom
interactions. For deeper inspection, HOOKLENS integrates a code
viewer that automatically locates and highlights the source code
corresponding to the selected node (I12; Figure 1D).

7 USER STUDY

We conduct a user study to evaluate the effectiveness and usability
of HOOKLENS in performing the target tasks (Section 4.1), com-
paring it with a popular code editor (VS Code).

7.1 Objectives and Design

We aim to evaluate how effectively HOOKLENS supports devel-
opers in performing the target tasks (Section 4.1) and how usable
the system is for understanding and maintaining React applications.
To this end, we recruit React developers and measure their perfor-
mance in terms of task accuracy. We further assess the usability
of the system through the System Usability Scale (SUS) and post-
study interviews.

Participants. We recruit 12 React developers (eight males and four
females, aged 21-30 [25+9]) through snowball sampling. In partic-
ular, we recruit participants with diverse levels of expertise in React
development to examine whether HOOKLENS effectively supports
both novice and intermediate developers. Six participants (P1-P6)
have less than two years of experience, while the remaining six (P7—
P12) have more than two years of experience, consistent with the
conditions of the preliminary interviews and feedback sessions. All
participants are compensated with the equivalent of USD 10.

Tasks. We ask participants to detect anti-patterns described in Sec-
tion 2.2 within a React project. Since detecting anti-patterns is
a common task in code maintenance and refactoring [23, 15], we
adopt it as the basis of our study. Participants are asked to identify
as many anti-patterns related to the use of States and Effects
as possible within a 10-minute time limit. Before each session, we
inform participants about the three target anti-patterns described in



Table 1: Comparison of two open-source projects used in the study.
We select the projects that are similar in terms of their size and the
number of existing anti-patterns.

Metric Confides  paper_vis
Size
Number of JSX files 29 30
Number of components 25 33
Total lines of code (JSX) 2707 3937
Anti-patterns
Unreferenced states & props 41 32
Prop drilling 11 11
Effect modifying parent states 2 2

Section 2.2 and instruct them to detect only these patterns. Partic-
ipants verbally report the presence of each anti-pattern and spec-
ify the associated Components, Props, States, and Effects.
We measure precision and recall in detecting anti-patterns, using a
ground truth established through careful code examination. To en-
sure a fair comparison and focus on the core capabilities of HOOK-
LENS, we consider only reports involving States and Effects
when computing these metrics. To ensure objectivity, the ground
truth is constructed based on the formal definitions and code-level
criteria of each anti-pattern (Section 2.2) and validated through in-
dependent review and consensus between two authors. Reports
related to other variables (e.g., variables from useRef or general
JavaScript variables) are excluded from the evaluation, as partici-
pants are instructed in advance to focus on the target patterns.

Baseline. To evaluate the cognitive advantages of visual analyt-
ics over text-based exploration, we select VS Code as the base-
line. In addition to being one of the most widely used develop-
ment tools [57], all preliminary interviewees and 11 out of 12 study
participants report using VS Code together with extensions such
as eslint-plugin-react-hooks®. However, eslint-plugin-react-hooks
primarily enforces basic implementation rules—such as ensuring
consistent Hooks call order—rather than detecting complex anti-
patterns that span multiple components. As a result, identifying
such anti-patterns in text-based environments often requires exten-
sive manual tracing, which imposes a significant cognitive burden.
Therefore, to compare HOOKLENS against this manual process, we
provide a baseline environment with only the default IntelliSense
features enabled, allowing participants to use standard navigation
functions (e.g., Go to Definition and Find All References) to manu-
ally trace dependencies.

Sample projects. We select two open-source projects (Con-
fides [65] and paper_vis [63]) to simulate real-world tasks. Many
popular open-source React projects are developed by large teams
and undergo extensive maintenance, during which such anti-
patterns are often controlled or resolved, making them less suitable
for our study tasks within a limited time budget. Therefore, we
focus on projects developed by individuals or small teams, which
are academic prototypes. Such projects are typically developed
as proof-of-concept systems and thus tend to contain a sufficient
number of representative anti-patterns, making them well suited for
controlled evaluation of anti-pattern detection. To mitigate learning
effects that could bias tool performance, we employ two separate
projects with comparable task complexity, each containing a simi-
lar number of files, Components, and anti-patterns (Table 1).

Procedure. After participants consent to their participation, we
first explain HOOKLENS and its key features (e.g., visualization
and available interactions). We then provide participants approxi-
mately 20 minutes to explore and practice with the system, where
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Figure 5: Types of anti-patterns revealed by HOOKLENS. Anti-
patterns are highlighted with translucent red backgrounds: Unref-
erenced states and props, shown as red outlined State and Prop
nodes; prop drilling, represented by red edges between Prop nodes;
and effect modifying parent states, represented by red edges origi-
nating from Effect nodes.

they are allowed to freely ask questions. After the practice session,
we spend about 5 minutes introducing the study tasks and the three
target anti-patterns (Section 2.2), presenting examples of each in
both code (Figure 3) and visualization (Figure 5) within HOOK-
LENS. Subsequently, participants perform the task in two condi-
tions: using VIS Code and HOOKLENS, with each condition lasting
10 minutes (20 minutes in total). To control for ordering effects,
half of the participants begin with HOOKLENS, while the others
start with VS Code. We also assign different projects for each con-
dition to control learning effects. After completing both sessions,
participants fill out the SUS questionnaire and participate in a post-
study interview for approximately 15 minutes to provide qualitative
feedback on system usability and overall satisfaction. In total, the
entire study session takes approximately one hour.

7.2 Quantitative Results

Our study results confirm the effectiveness of HOOKLENS in sup-
porting participants in detecting anti-patterns. They further imply
the superiority of HOOKLENS in user experience compared to a
conventional code editor.

Accuracy in detecting anti-patterns. We calculate F1-scores for
anti-pattern detection based on participants’ responses in tasks per-
formed with both VS Code and HOOKLENS. A Mann—Whitney
U test on these scores shows that participants achieve significantly
higher task accuracy with HOOKLENS than with VS Code (Table 2).
Further statistical analysis by expertise level suggests that HOOK-
LENS effectively supports both novice and intermediate developers
in identifying anti-patterns, although differences between the two
groups are also observed (Figure 6). We further discuss these differ-
ences between novice and intermediate developers in the qualitative
findings section (Section 7.3).

Usability of HOOKLENS. The SUS results indicate that HOOK-
LENS shows high usability for the given tasks, with an average
score of 76.7. This score exceeds the standard benchmark of 68,
suggesting that participants generally found the system easy to learn
and use [52]. These findings are also consistent with the qualitative
findings obtained from the post-study interviews (Section 7.3).

7.3 Qualitative Findings

We present the qualitative findings derived from task observations
and post-study interviews. These findings provide plausible expla-
nations for the quantitative outcomes and further highlight both the
strengths and potential areas for improvement of HOOKLENS.
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Table 2: Performance comparison between HOOKLENS and VS Code in detecting different anti-patterns. Values are reported as mean +
standard deviation. All results are statistically significant (p < 0.01). We color the table cells in red with an opacity scale where lower opacity

represents lower accuracy (linear gradient between 0 and 1).
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Anti-pattern
Precision Recall F1 Precision Recall F1
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Prop drilling 938 £ 121 568 £ .255 669 £ .213 492 £ 457 197+ .243 264 £+ 294
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Figure 6: Accuracy comparison between HOOKLENS and VS Code in detecting anti-patterns, separated by proficiency. Novice participants have
less than two years of experience, while intermediate participants have more than two years. Using HOOKLENS resulted in statistically significant
improvements in F1-score and recall for both novice (p < 0.01) and intermediate (p < 0.05) groups, though not in precision.

Advantages of visual analytics in understanding React applica-
tions. Most participants agree that the visualization provided by
HOOKLENS is highly effective for understanding the overall struc-
ture and the relationships among Components and Hooks across
multiple files, which are often difficult to grasp with conventional
code editors. For example, several participants (e.g., P2, P9, P10)
mention that HOOKLENS helps them quickly gain an overview
of unfamiliar projects, as its visualization supports comprehension
without requiring line-by-line code inspection. P2 adds that the spa-
tial positioning of Component nodes intuitively conveys structural
hierarchy, making it easier to interpret the layout. P9 notes that
this advantage could substantially support refactoring legacy code
within their organization. Several participants (e.g., P3, P6, P8,
P12) also highlight that HOOKLENS facilitates identifying specific
files and Components relevant to their tasks, even when multiple
Components are defined in a single file or when directory structures
are complex. Participants further report that HOOKLENS is effec-
tive in tracing State propagation and Effect dependencies across
Components. P7 notes that it helps investigate how Components
and States reference each other and which Components are de-
signed for shared use across Components. Similarly, P3 and P4
mention its usefulness for managing States, such as locating
where they are defined and which Props deliver their values, while
P8 finds that tracing Effects is straightforward by simply follow-
ing the directed edges. Additionally, P9 and P12 emphasize that
HOOKLENS makes it much easier to trace relevant Components,
States, and Effects compared with conventional editors, which
require developers to manually search across multiple files.

Usability in detecting anti-pattern. Both novice (e.g., P1, P3, P6)
and intermediate (e.g., P8, P11, P12) participants find that HOOK-
LENS is useful for identifying anti-patterns. They note that the
red highlights in HOOKLENS effectively draw their attention, en-
abling them to quickly recognize the relevant Components. In
particular, P6 and P11 emphasize that analyzing the relationships
among Components and Hooks should take precedence over de-
tailed source code analysis when detecting such anti-patterns, and
that HOOKLENS is therefore especially helpful by filtering out un-
related Components. Meanwhile, P3 notes that when he encounters
prop drilling, HOOKLENS facilitates exploration by visualizing the
detailed references of Props and helping prioritize which ones may
pose potential risks.

Differences in use between novice and intermediate partici-
pants. As shown in Figure 6, novice participants perform better
with HOOKLENS than intermediate participants, and the observed
p-values indicate stronger statistical significance for the novice par-
ticipants. During the study tasks with HOOKLENS, most novice
participants rely heavily on the visualizations provided by HOOK-
LENS. For example, P1 relies entirely on visual exploration and
the visual cues provided by HOOKLENS to report answers, without
directly inspecting the source code. Similarly, most other novice
participants (e.g., P2, P4-P6) primarily rely on visual exploration
to complete the tasks rather than inspecting the source code, which
leads to faster anti-pattern detection. Exceptionally, P3 tends to
inspect the source code more frequently than other novice partici-
pants, but consistently achieves low accuracy in both the baseline
and HOOKLENS conditions. Meanwhile, intermediate participants
tend to use the visualization as a reference while repeatedly review-
ing the source code throughout the tasks. They generally achieve
higher accuracy than novice participants in the baseline condition,
suggesting that they are more familiar with navigating source code.
This greater familiarity is further reflected in their review of the
source code even when performing tasks with HOOKLENS, which
is associated with longer anti-pattern detection times compared to
novice participants. In fact, we observe that P§ and P9 keep the
source-code view open throughout most of the task execution.

Notably, most intermediate participants (e.g., P8, P10-P12) note
that, unlike VS Code, HOOKLENS provides limited features for di-
rect code inspection and detailed behavior verification, making it
challenging to fully grasp application logic. By contrast, novice
participants (e.g., P1-P3) report that they can understand appli-
cation behavior more easily, likely because they usually work on
projects where the interactions among Components, States, and
Effects are relatively simple.

Limitations in supporting real-world development workflows.
Although HOOKLENS facilitates users in performing core tasks,
participants also point out several limitations. First, some par-
ticipants note that although HOOKLENS is effective for examin-
ing code structures and identifying anti-patterns, it provides lim-
ited support for analyzing runtime behavior. P8 emphasizes that
detailed analysis becomes feasible only after gaining sufficient fa-
miliarity with the system, and P11 adds that HOOKLENS restricts
source code exploration compared to VS Code. Several participants



also suggest that HOOKLENS should include additional features to
better support real-world development. For example, P9 and P10
express concern that HOOKLENS does not support external state
management systems such as Redux, which are widely used in prac-
tice and can help mitigate prop drilling. Finally, P12 points out that
tracing relationships in regions with many intersecting edges can be
overwhelming, highlighting the need to improve visual scalability
to better support larger projects.

8 COMPARATIVE EVALUATION WITH LLM-BASED CODING
ASSISTANTS

To further assess the effectiveness of HOOKLENS, we compare its
performance against state-of-the-art LLM-based coding assistants.
Specifically, we evaluate how well these assistants identify anti-
patterns related to Hooks and whether their detection performance
is comparable to that of human-in-the-loop visual analytics.

8.1 Objectives and Design

We evaluate whether HOOKLENS outperforms state-of-the-art
LLM-based coding assistants in detecting anti-patterns. To this end,
we select representative assistants and measure their task accuracy
using the same procedure as our user study, comparing the results
with those of the participants.

LLM-based coding assistants. We select three state-of-the-art
LLM-based coding assistant tools to evaluate their capabilities in
detecting anti-patterns. To ensure fairness and consistency, we fo-
cus on cloud-based commercial tools that demonstrate high perfor-
mance on the de facto benchmark, SWE-bench* [22], which evalu-
ates models on code understanding and software engineering prob-
lem solving. The selected assistants are as follows:

¢ Claude Code [2] provides the claude-sonnet-4 (model: claude-
sonnet-4-20250514, released May 2025) and claude-opus-4.1
(model: claude-opus-4-1-20250805, released Aug 2025) models,
which currently achieve the highest scores on SWE-bench.

e Codex CLI [45] ofters one of the latest high-performing models,
GPT-5 (released Aug 2025).

e Gemini CLI [16] provides the gemini-2.5-pro (released Aug
2025) model, which performs slightly below the other two tools
but still ranks highly on SWE-bench.

Procedure. We conduct the same tasks as in the user study (Sec-
tion 7) for each coding assistant and compare the results with those
of human participants using HOOKLENS. For each assistant, we
perform six independent trials on the two projects used in the user
study and count the number of detected anti-patterns using the same
ground truth. To ensure equivalent conditions, we grant each assis-
tant full access to all project files, reset its state before each trial, and
provide an identical prompt (appendix A) that includes a code-level
one-shot example of each anti-pattern, replicating the conditions
given to user study participants.

8.2 Results

Compared to participants using HOOKLENS, most LLM-based as-
sistants struggle to detect anti-patterns (Figure 7). Except for Codex
CLI with GPT-5, all tools perform worse than even the VS Code
baseline. Although GPT-5 achieves relatively better performance
than other LLMs, its precision remains statistically lower than that
of HOOKLENS. These results are consistent with prior studies
showing that LLMs often face difficulties in analyzing code with
extensive context [67, 60, 56]. In particular, the anti-patterns ex-
amined in this study—spanning multiple files and requiring con-
textual reasoning—further expose this limitation. For example, we
observe that all four LLMs frequently produce false positives by in-
correctly identifying imported relationships that are never actually
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referenced (Figure 8A). We also observe that LLMs repeatedly fail
to detect certain prop drilling patterns that are identified by most
participants using HOOKLENS (Figure 8B). Beyond these exam-
ples, LLMs often report partially correct or incorrect results, such
as identifying only sub paths of anti-patterns or inferring incorrect
data flows. Despite the growing capabilities and popularity of such
assistants, these findings underscore the continued need for human-
in-the-loop visual analytics tools like HOOKLENS, as further dis-
cussed in Section 9.4.

9 DiscussION

We discuss the limitations of our study and directions for future
work.

9.1 Scalability and Project Context

Our study evaluates HOOKLENS only on relatively small projects
(25-33 components), which limits the generalization of the results
to larger-scale projects. Although HOOKLENS employs a two-
level nested node-link diagram, one participant reports visual clut-
ter when analyzing the study projects (Section 7.3), suggesting scal-
ability challenges as project size increases. Therefore, future work
should investigate alternative visualization (e.g., treemap, circular
tree, and icicle tree) [3] and interaction techniques to better manage
visual complexity in larger projects [19]. In addition, our evaluation
focuses exclusively on unfamiliar projects. Future studies should
examine whether the observed effectiveness of HOOKLENS gener-
alizes to projects that developers are already familiar with, which
more closely reflect real-world development settings.

9.2 Supporting Real-World Workflows for Semantic Val-
idation

Although our results suggest that HOOKLENS effectively sup-
ports understanding code structures and detecting anti-patterns
that span multiple Components, several refactoring tasks remain
challenging. These include detecting a broader range of anti-
patterns, performing fine-grained code-level reasoning within in-
dividual Components, reasoning about runtime behavior (e.g., ex-
ecution timing and data changes), and conducting semantic vali-
dation of detected anti-patterns. Semantic validation is particu-
larly important, as some detected anti-patterns may not represent
actual issues without considering runtime context or developer in-
tent. In this regard, the primary contribution of HOOKLENS lies in
its ability to visually organize analysis results, reducing the cog-
nitive burden of manually tracing control and data flows across
Components. However, our user study shows that most interme-
diate participants continue to rely on direct source code inspection
when performing study tasks, indicating that source code analysis
still plays an important role in their workflows and mental models
(Section 7.3). Therefore, to better support real-world development
workflows, HOOKLENS should be provided as an integrated ex-
tension or plugin to conventional code editing tools, enabling not
only anti-pattern detection but also semantic validation and other
intermediate-level refactoring tasks. Prior studies show that im-
plementing visualization tools as extensions or plugins to existing
development environments is an effective approach for integrating
them into established workflows [29, 6, 3, 54, 21, 17].

9.3 Extending Support to the Broader React Ecosystem

While HOOKLENS focuses on the State and Effect Hooks,
which are fundamental to understanding React applications, ex-
tending support to other built-in Hooks and external state man-
agement systems remains an important direction for future work.
As indicated by participants in our user study (Section 7.3), many
developers rely on other built-in Hooks, such as the Context
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Figure 7: Accuracy comparison between human developers and LLM-based coding assistants in detecting anti-patterns. HOOKLENS shows
substantially higher mean accuracy than other tools, which is statistically significant (p < 0.01) except in the case of GPT-5. In terms of precision,

HOOKLENS also outperforms GPT-5 (p <« 0.01).
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Figure 8: Falsely reported result within Confides project by
LLM-based coding assistants. LLMs detect the code snippet
as effect modifying parent states, while it does not produce
anti-patterns because Transcription Component does note nest
ContextWindowVisualizer Component in fact (A). Meanwhile, LLMs
fail to detect prop drilling patterns although it is detected by most par-
ticipants with HOOKLENS in the user study (B).

hook [33], as well as external state management systems like Re-
dux®. These mechanisms are also essential for understanding the
behavior of React applications, as they influence rendering pro-
cesses in ways similar to State Hooks. Moreover, they enable
data access across Component hierarchies, thereby mitigating anti-
patterns such as prop drilling. Nevertheless, extending HOOKLENS
to support these mechanisms introduces two major challenges.

First, the rule-based approach used in HOOKLENS requires sub-
stantial manual effort to expand its coverage, although it produces
fast and consistent results. To address this limitation, LLM-based
approaches could offer a promising alternative. Recent studies
demonstrate the effectiveness of LLMs in both syntactic and se-
matic feature extraction from software [58, 20]. In our preliminary
tests, we also observe that GPT-5 shows potential for extracting
Components, States, and Effects in a manner comparable to
the rule-based extraction logic.
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Next, attempting to represent these mechanisms using the current
node-link diagram in HOOKLENS may increase visual complexity
by generating excessive nodes and edges or disrupting the layout.
Future work should investigate alternative visualization methods
to effectively represent them including other built-in Hooks. This
challenge is common in node-link diagram representations, where
various techniques (e.g., grid layout for grouped graph [68] or bub-
ble set [8]) have been explored to address similar issues.

9.4 Visual Analytics in the Al Era

Our study suggests that developers, with the support of HOOK-
LENS, achieve a deeper understanding of code structures and de-
tect anti-patterns more effectively than state-of-the-art LLM-based
coding assistants (Section 8). However, our evaluation is conducted
with limited prompt engineering and a constrained number of inter-
action rounds, and the strong performance of recent models such
as GPT-5 suggests that future coding assistants may increasingly
understand broader code contexts and deliver better results. In fact,
several recent studies and commercial systems propose frameworks
and techniques that enable LLMs to retain and reason over richer
contextual information [26, 46]. Despite these advances, prior stud-
ies [66, 42, 48] and our findings indicate that LLM-based assistants
can still introduce basic errors or overlook subtle but critical depen-
dencies. Therefore, visual analytics for software remains essential
not only for helping developers comprehend complex projects but
also for providing a foundation to interpret, monitor, and guide the
behavior of LLM-based assistants in emerging coding paradigms.
Future research should thus expand its focus beyond conventional
programming environments to emerging ecosystems that integrate
LLMs and other Al technologies. Recent studies such as Neu-
roSync [69] and DreamGarden [10] present promising directions
by leveraging visualization to support users in understanding and
controlling Al-driven code generation processes.

10 CONCLUSION

HOOKLENS offers a novel approach to addressing the challenges of
understanding React applications and detecting anti-patterns. By
visually representing the relationships between Components and
Hooks, HOOKLENS enables developers to identify anti-patterns
and inspect relative Components and Hooks along with their source
code. Through preliminary interviews and an iterative design pro-
cess, we develop HOOKLENS, an interactive visual analytics sys-
tem for exploring React applications from the perspective of Hooks
and anti-patterns. Findings from our user study and comparative
evaluation show that HOOKLENS not only supports understanding
code structures and detecting anti-patterns, but also highlights that
such understanding remains essential even when using LLM-based
coding assistants. Therefore, extending visual analytics to software
frameworks such as React holds strong potential to help developers
build and maintain interactive applications more effectively.
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