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Figure 1: Multi-Click is a technique for simultaneously performing the same action (e.g., clicking or typing) across multiple
targets. In the illustration above, Multi-Click is activated by double-tapping the Shift key. Then the user opens many related
items on a single page using a simultaneous click ( @ ). Each of these items opens in a separate tab. The user then clicks
common elements across these tabs (in this case, an ‘Edit’ button ®) ), which performs the same action simultaneously across
each tab. They then select text input elements across these tabs (© ) and use an interactive data grid/spreadsheet as the values
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Abstract

Repetitive actions are a common and frustrating part of using the
web. Prior work has proposed automating repetitive actions with
natural language descriptions, demonstrations, and pseudocode.
However, these approaches introduce abstractions that can be diffi-
cult to write, evaluate, and fit within web workflows. We describe
a new approach, Multi-Click, for simultaneously performing the
same action (e.g., clicking or typing) across multiple pages while
maintaining the immediacy and understandability of direct manip-
ulation. Users can intuitively select groups of analogous elements
within or across windows/tabs (e.g., equivalent elements in differ-
ent instantiations of a template) and interact with these elements as
if each simultaneously had keyboard or cursor focus (e.g., one click
propagates to multiple targets). Multi-Click introduces algorithms
for identifying analogous elements from structural and visual at-
tributes; techniques for intuitively selecting and visualizing targets;
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and uses interactive data grids to manage variation in text entry
and retrieval tasks.
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1 Introduction

Web users often need to perform repetitive actions—tasks that
are very similar and must be executed multiple times to achieve a
larger goal [38]. For example, tasks such as extracting data across
multiple product pages, entering similar information into numerous
inputs, or updating the same setting across multiple records in
administrative interfaces all might require performing the same
series of clicks and key presses repeatedly, with minimal variation.

Prior work has proposed using web automation—software that
performs actions on behalf of users—to automate repetitive tasks.
Academic [13, 15, 19, 32, 39, 66] and commercial systems [5, 9, 46,
51, 52, 58] have explored various strategies to improve web au-
tomation capabilities. However, interacting with these tools often
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presents its own challenges. Writing automation scripts manu-
ally can be difficult [31] and scripts specified by demonstration or
natural language can be difficult to predict and control [36]. Web
automation tools also often suffer from high error rates and may
not integrate smoothly into standard web user workflows, making
mixed-initiative control difficult.

Recognizing these limitations, we propose action generalization
as an alternative approach to automation, enabling users to apply
a single operation simultaneously to multiple elements in batch.
We present Multi-Click, an instantiation of action generalization
that lets users select multiple targets for input events (e.g., mouse
clicks or keyboard input) within or across web browser tabs and
windows. Multi-target operations are typically implemented at the
application level; for example, many list interfaces feature “select
all” and “delete selected” widgets. However, these application-level
implementations are limited to actions that are explicitly provided
by the application developers. In contrast, action generalization is
an input-level technique that can be applied to any application.

The technique of selecting multiple elements and simultaneously
applying input actions has been previously explored in data visu-
alization [27], text editing [48, 50], and code editing [1]. However,
Multi-Click is the first system to extend this concept to general web
browsing. It enables users to intuitively select multiple analogous
elements within or across browser tabs and interact with them
simultaneously through direct manipulation. Multi-Click also lets
users manage variations in data entry and extraction tasks with
interactive data tables. Users can write spreadsheet formulae whose
outputs are fed to <input/> elements in batches. Conversely, they
can import web content from multiple elements into a single table.
Figure 1 illustrates three user interactions with Multi-Click.

Multi-Click targets scenarios involving multiple instantiations
of the same template within or across browser tabs. For instance, a
web forum might contain a list of posts, each featuring a clickable
title, a gray publication date, and the author’s name beneath—each
adapted from a single ‘post’ template. This approach is less general
than traditional web automation tools that handle complex and
heterogeneous workflows. However, because targets and actions
are clearly represented, users can easily predict the effects of their
actions and visually verify the results immediately. As we found in
user evaluations, action generalization can be a quicker and more
intuitive direct interaction model for many realistic tasks.

2 Related Work

Our work on Multi-Click builds on prior work in web automation,
multi-selection systems, and web augmentation.

2.1 Web Automation

Many web automation tools have been developed to perform ac-
tions on behalf of users [5, 9, 10, 12-15, 32, 39, 39, 46, 51, 52, 58, 66].
Similar systems have been created for automating mobile applica-
tions [40, 59]. Some automation tools give users the ability to write
scripts that specify which actions to take [2, 3, 6, 7] but prior work
has found that even experienced developers have trouble accurately
writing automation scripts [31].

2.1.1  Programming by Demonstration (PbD). To make it easier for
end users to write automation code, several systems have proposed
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Programming by Demonstration (PbD), where users specify their
intent by performing actions directly on the page, and the system
infers a generalized script from these demonstrations [23, 54]. Sys-
tems such as CoScripter [39], Vegemite [42], Rousillon [13], and
MIWA [14] exemplify efforts to allow end users to benefit from
automation without programming knowledge.

Like PbD, action generalization (used by Multi-Click) tries to re-
duce repetitive actions by inferring generalizations based on users’
input. However, there are several key differences—action general-
ization works before any demonstration has occurred, whereas PbD
requires at least one demonstrations before generalization. Moving
the generalization step to be before the action takes place is key
to giving users more control and immediacy. This, in turn, means
that users do not need to understand or trust potentially opaque
inferred scripts.

2.1.2  Automation from Natural Language. Several systems have
proposed using scripting constructs that are similar to natural lan-
guage [39], such as “click the ‘submit’ button.” More recently, Large
Language Models (LLMs) have made it possible to automate tasks
from natural language descriptions [5, 15, 51, 52, 58, 66]. OpenAI’s
Operator [5] (which we use in our evaluation), for example, lets
users chat with an Al agent who can perform tasks on their behalf.
Users can ‘interrupt’ the agent and perform tasks manually, in a
browser embedded on the Operator UL

Most of these modern agents are capable of performing a wider
range of tasks than Multi-Click but this increased generality also
comes with costs. Specifically, they often suffer from limited pre-
dictability, low transparency, delayed feedback, and high error rates.
Users may struggle to anticipate what the agent will do, understand
why it made a particular decision, or correct errors efficiently. Ad-
ditionally, because LLM agents typically operate in a sequential,
turn-based interaction model, they can be slower to use for straight-
forward, repetitive tasks where direct manipulation would suffice.
In contrast, action generalization (and Multi-Click) offer a more
immediate, controllable, and predictable interaction model where
users can directly select and act on multiple elements with high
confidence.

2.1.3  User Agency in Automation. An important unanswered ques-
tion in web automation (including PbD and NL systems) is how to
effectively give users agency in automated workflows. Multi-Click
demonstrates a potential approach for designing effective mixed-
initiative automation tools—using automation for target selection
while letting users direct the target selection strategy and choose
which actions to perform on the targets.

2.2 Multiple Selection and Simultaneous Editing

Multiple selection refers to the ability to select multiple overlapping
or distinct objects and simultaneously apply identical operations or
property changes to all selected items [50]. This technique has been
widely adopted in file management systems, graphical interfaces,
and text editors [11, 24, 25, 65], allowing users to efficiently group
records or objects for unified manipulation. However, these features
are typically implemented at the application level, which limits their
generality. Action generalization (and Multi-Click) is an input-level
technique that can be applied to any application.
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Input-level generalization has been explored via simultaneous
editing, which enables users to apply identical modifications simul-
taneously in selected text regions [47, 48]. These regions can be se-
lected manually, by example-based inference, by pattern matching,
or through structure recognition via domain-specific parsers [49].
Any edit made in one region is automatically replicated in all other
selected regions. The ideas from early work on simultaneous text
editing [35, 48, 49] have been incorporated into the most popu-
lar modern code editors (e.g., Multi-cursor editing in VSCode [1]
and multiline editing in Sublime [4]). These systems give users
immediate visual feedback and direct editing, like Multi-Click.

This idea has also been extended beyond text editing to code
refactoring [60], graphical editing [57], slide presentations [20], and
list selection [53].

Though they work at input-level, these implementations are still
domain-specific, targeting one UI or application. Multi-Click is the
first to extend this idea to general web applications.

2.3 Mashups and Web Augmentation

Prior work has also proposed ways to let users augment and cus-
tomize their web browsers without writing extensive scripts or mod-
ifying pages’ source code [16, 17, 21, 22, 41, 44, 45, 56]. Mashups,
for example, can unify diverse web content into a single unified
interface [16, 22, 28, 29, 45, 62]. Beyond mashups, several other
tools can extract and combine information from many websites
into structured overviews [30, 43] or combine information from
multiple pages in other ways [8, 28, 33]. Like these projects, Multi-
Click can combine information from multiple sources into a unified
user interface. However, Multi-Click also allows users to perform
actions and interactions, in addition to extracting and combining
data.

3 Multi-Click

Multi-Click is designed to bring the benefits of batch automation to
everyday web interactions without requiring programming, script-
ing, or detailed configuration. Instead of relying on abstract au-
tomation logic, it emphasizes immediacy: users directly select what
they want to act on, see the targets in real time, and perform actions
through familiar gestures like clicking or typing.

3.1 Using Multi-Click

Users’ interactions with Multi-Click can be broken down into three
‘steps’:
(1) Progressive Target Generalization: Selecting a group of ele-
ments to perform an action on.
(2) Target Assessment: Assessing whether the selected targets
are aligned with their goal (and return to Step 1 if not).
(3) Action Specification: Choosing what action to take on each
target element.

We break down our description into these steps, but in practice,
users can perform all three steps in rapid succession (potentially in
less than a second for experienced users performing straightforward
tasks).

https://www.imdb.com/chart/top/
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Figure 2: Screenshots from the IMDb website!. After Multi-
Click is activated with double-tapping Shift, users can hover
over an initial element and scroll the mouse wheel to gener-
alize to equivalent elements.

3.1.1 Step 1: Progressive Target Generalization. Users activate Multi-
Click by double-tapping the Shift key. A circular cursor indicator
(shown in Figure 2) appears, signaling that the system is in ‘multi-
target’ mode, where they can either:

o Assess (see section 3.1.2) and modify the set of target ele-
ments by moving and scrolling the mouse.

e Perform an action on the currently selected targets (see sec-
tion 3.1.3).

e Cancel by pressing Esc.

In ‘multi-target mode’, the element (e.g., link, <but ton/>, <input/>,
or any other kind of element) under their cursor is the “root” target
from which other targets are derived. If the user’s mouse moves to
another element, the root target changes. Multi-Click then identi-
fies other targets using a ‘generalization strategy’—a set of rules for
deciding which elements are analogous to the root target based on
the page structure, the element’s role, and appearance. For example,
one strategy is to generalize to every element with the same tag
and font. We implemented four generalization strategies, described
in Section 3.2. Generalization strategies can also work across tabs
and windows to find potential target elements on different pages.

Users pick among generalization strategies by scrolling the mouse
wheel, each scroll revealing a new combination of elements derived
from the root target and generalization strategy. As users scroll,
they can see the output of each generalization through immedi-
ate visual feedback with highlights, helping them make informed
decisions about the scope of their actions (Figure 2).

3.1.2  Step 2: Assessing Targets. In ‘multi-target mode’, Multi-Click
highlights target elements with a translucent overlay on the page
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Figure 3: Overview of Multi-Click’s User Interface. The user can activate Multi-Click by double-tapping Shift and scroll to
select the input elements to enter values. The generalized elements are highlighted in purple (a). Tab badges are colored and
indexed to match their corresponding preview cards (b). The user can see selected elements in other tabs in the preview cards,
where the selected elements are highlighted in blue (c). Then the user can enter values in the interactive data table (d) and

calculate results for each term simultaneously.

(Figure 2). To ensure that users can see every target element, ele-
ments that are not visible (i.e., elements in other tabs) are previewed
in preview overlay ‘cards’. The preview system features several key
components:

e Preview cards: Previews are organized by tab, with each
tab’s previews displayed in a separate preview card. Each
card consists of a color-coded screenshot to match the cor-
responding tab’s badge color (Figure 3b), making it easy for
users to track which previews belong to which tabs (Fig-
ure 3c).

o Interactive Layout: By default, preview cards are stacked
at the bottom of the user’s active tab. Users can press Up
or Down to expand or re-stack preview cards. When users
move the cursor closer to the preview cards, they become
transparent and do not interfere with mouse events, ensuring
that users can still access content in their current tab.

e Real-time Updates: As users perform actions or modify
selections, the previews update in real-time to show the
current state of target elements across all tabs.

e Element Highlighting: Each preview shows the target
elements with the same semi-transparent overlays as the
current tab, making it clear which elements will be affected
by generalization.

3.1.3  Step 3: Action Specification. After users have selected a set
of target elements, they specify an action (e.g., click, text entry) to
perform on each element. The easiest way to do this is by simply
performing the action—clicking or typing. Events are propagated
immediately to every target, with some differences depending on
context:

o Click events: if the effect of the click is to open a new page
(e.g., a hyperlink) and there are multiple links in the same tab
open, each target opens in a new tab, since there are almost
no situations in which users would want to open multiple
pages in one tab. Otherwise (e.g., if there is one link per
tab), Multi-Click performs the default behavior, replacing
the current content. Regardless of context, the system exits
‘multi-target’ mode immediately after the click.

e Keyboard events: when users type into text input fields, an
interactive data table appears (Figure 3d) with a cell for every
target. Each cell in the data table is colored to match the input
it controls. Users can either (1) type into the original input
field, whose exact value propagates to every target input,
or (2) write values and/or formulae in the data table, whose
values are propagated to the relevant target inputs.

We designed these interactions to feel intuitive by aligning them
with familiar web browsing behaviors. When only a single target
element is selected, users can interact with Multi-Click just as they
would with any standard webpage. This consistency ensures that
it remains lightweight and non-disruptive in simple cases, while
gracefully scaling up to more powerful multi-target interactions
when needed without an additional abstraction layer.

3.2 Generalization Strategies

We experimented with several generalization strategies that infer
related elements based on the structure of the page, including some
proposed in prior work [31]. However, a key insight of our design of
Multi-Click is that simpler generalization strategies that reference
the appearance of elements seem to be more effective at finding
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analogous elements than complex strategies that reference the page
structure alone. This is because developers tend to maintain vi-
sual consistency across elements with similar roles. While visual
appearance can be suggestive, Multi-Click generalizes primarily
based on DOM structure and shared CSS specifications (e.g., tag,
font, max-width, etc.), a concept we call intra-page consistency.
Intra-page consistency is crucial for page usability (consistency
and predictability make Uls easier to use) and can simplify imple-
mentation (it is easier to design and maintain pages that repeat
components).

Multi-Click uses the following algorithms to provide the sugges-
tions within the current window based on the root element.

(1) Just the root element
(2) Elements with the same tag and font as the root element
(3) (If the root element has a class) Elements that share a class
with the root element and have the same font
(4) (If the root element is a text input), either:
o If the root is inside a form, other form inputs of the same
type, or
o if the root is not inside a form, any other input of the same
type

After generating generalization suggestions of elements for the
current window, Multi-Click extracts the set of XPaths for the
generalized elements and queries for analogous elements across
every open browser tab. Every element is then partitioned into (a)
clickable elements (e.g., links, buttons, or anything else that might
have event listeners), (b) input elements (e.g., input, textarea, or
select), and (c) non-interactive text-only elements. Multi-Click
generates visual previews for each target element. To provide con-
text, the system includes any associated label elements that are
connected to these target elements. Additionally, parent elements
containing text are included to provide surrounding context that
helps users understand the element’s purpose and placement within
the page. If there are input elements (b), a data table is displayed.

3.3 Implementation

We implemented Multi-Click as an extension for the Mozilla Firefox
web browser. Our implementation uses the WebExtension cross-
browser API so also works with Google Chrome (tested) and Mi-
crosoft Edge (not tested). However, unlike Firefox, Chrome does
not contain an API for fetching screenshots of non-focused tabs
so preview cards are blank in Chrome. Our implementation can be
found at https://anonymous.4open.science/r/multiclick.

4 User Evaluation

We conducted a lab study to evaluate the usability and efficiency of
Multi-Click. We recruited 20 participants (denoted P1-P20) from
(anonymized) mailing list and Slack workspace. Our participants
(8 men, 12 women) were aged 20-28. Six participants reported in-
termediate, 12 reported advanced, one reported expert, and one
reported beginner proficiency with the Internet and Web technolo-
gies. Nine participants reported using web automation tools: 3
participants (P2, P9, P20) used Generative Al tools with web search
functions (e.g., ChatGPT, Deepseek); 2 participants (P12, P14) men-
tioned browser password managers; 2 participants (P17, P19) used
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web automation in professional settings.16 participants have en-
countered situations where they need to perform repetitive actions
on the websites such as bulk scraping and repetitive data entry.
We compensated each participant with a $20 USD Amazon gift
card for the 60-minute study session. The studies were conducted
in person, where participants completed three web tasks on the
experimenters’ computers. Our study protocol was approved by
our Institutional Review Board (IRB).

4.1 Study Design

After completing a pre-study survey, each participant read a tu-
torial on the interface and features of Multi-Click (approximately
10 minutes). Participants then performed three different web tasks
using either no automation tools (manual), OpenAI’s Operator [5]
(a state-of-the-art web automation tool), or the Multi-Click browser
extension. We chose Operator as a baseline because (1) it has the
highest reported accuracy of tools currently publicly available and
(2) it was one of very few automation tools that we tested that could
perform every study task?. We prioritized evaluating Multi-Click
with larger numbers of participants and thus had uneven numbers
of task completions; as Table 2 shows, 30 tasks were done with
Multi-Click, 15 manually, and 15 with Operator®. We used an unbal-
anced trial count to prioritize depth of evaluation for Multi-Click (30
total tasks) over symmetric baselines, following precedents [34, 61].
Operator tasks were also conducted separately due to limited access
to the system.

Upon completing these tasks, participants were asked to com-
plete an exit survey and participate in a brief interview to share
their experiences.

4.2 Tasks

We designed three tasks to be realistic (using popular websites for
practical real-world tasks), differentiated (each involving perform-
ing a different type of action on these websites), and roughly similar
difficulty. Each task involves multiple steps across operating on at
least three analogous websites.

Task 1: Canvas Assignment Editing. Canvas is the most pop-
ular Learning Management System (LMS) for schools to track and
deploy educational content. We created an example Canvas page
with ten assignments and asked participants to modify the point
value on each assignment (similar to Figure 1) and update the sub-
mission type. Participants navigated to the Canvas assignment page,
opened Assignments 1-10 in separate tabs, clicked ‘Edit’ on each,
set the point value to 100 and checked ‘File upload’ as the sub-
mission type. This task is representative of multi-step workflows
involving several user actions.

Task 2: GPA Calculator Input. This GPA calculator website
allows students to enter grades and computes a Grade Point Average
(GPA). We created a spreadsheet with example grades and asked
participants to enter GPA data for three terms (five courses each)

2Several automation tools, including Rousillon [13] and ScrapeViz [33] can extract
data but not input data so could only perform one task out of three (Task #3-Walmart).
We also tested MIWA [14], which can perform input events but in our testing, was not
able to synthesize scripts with only input actions (and thus could also only complete
Task #3-Walmart).

3All 20 participants did three tasks. 15 participants did two tasks with Multi-Click and
one task manually (task and condition orders were randomized) and five (separate)
participants performed all three tasks with Operator (task order was randomized).
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Figure 4: Average Task Completion Time (x = p < 0.05,
Welch’s t-test)

from the provided spreadsheet. This task is representative of input-
focused workflows involving entering many input fields.

Task 3: Walmart Product Scraping. Walmart is a popular retail
website and store. We asked participants to visit seven Walmart
product pages for computer monitors and extract these products’
names, prices, and specs (resolution, screen size, and refresh rate).
This task is representative of data extraction workflows that import
and combine data from many sources.

4.3 Results

All participants completed every task successfully with fewer than
three attempts in all three modes.

4.3.1 Time and Task Completion. Figure 4 and Table 1 show the
analysis of task completion time for each task in each mode. As
shown in Figure 4, Multi-Click can significantly save time compared
to the other two modes in the study tasks. The task completion
time using Multi-Click is statistically significant compared to the
Operator in Task 1 (p = 0.004, t(4.1) = —5.88) and Task 3 (p = 0.009,
t(4.3) = —4.49), and is statistically significant compared to the
manual mode for Task 2 (p < 0.001, #(8.5) = —7.32) and Task 3
(p = 0.024, t(4.4) = —3.40).

Auto Manual Operator

Task 1 1:31(0:38) 2:23 (0:47) 13:31 (4:40)
Task 2 1:31(0:29)  2:59 (0:23)  9:55 (6:07)
Task 3  0:47 (0:22) 2:59 (1:24)  3:36 (1:36)

Table 1: Average(SD) Task Completion Time(mm:ss)

4.3.2  Issues Encountered. All participants were able to complete ev-
ery task successfully but some users encountered minor issues while
performing tasks, as Table 2 shows. With Multi-Click, the most com-
mon issue was selecting the wrong root element for generalization
(3 occurrences across 30 tasks). Specifically, some participants used
the label of a button as the root element rather than the button itself.
Participants encountered failures with OpenAl Operator more fre-
quently. There were six instances (across 15 tasks) where Operator
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failed to perform a step (e.g., the system misinterpreted natural
language prompts, executed unintended actions, or failed to parse
user-provided data) and participants had to intervene manually
before resuming automation. When performing tasks manually,
one user was unable to copy and paste text element using mouse
selection because of embedded interactive components. In each
case, participants were able to address the problem on their own
without intervention from the study coordinator.

# of # of Issue
Mode Tasks Occurrences Reason
Multi-Click 30 3 Failure in element generalization.
Operator 15 6 Failure in executing the correct
step, reading URLSs, or parsing the
input data.
Manual 15 1 Unable to copy-and-paste.

Table 2: Summary of task completion.

4.3.3  Usability and Element Selection. Participants found Multi-
Click generally intuitive and straightforward (P1, P6, P9, P11, P17).
The users found that it was easy to use Multi-Click to generalize an
element to equivalent elements on pages with an average rating of
6.33 out of 7 (SD = 0.7). The tool is also simple to pick up and easy to
use compared to more complex web automation tools (P1, P17). P14
mentioned that the selection function to look for elements similar
structures is useful in helping users click buttons in batches. The
highlights of selected elements also help users to understand “what
areas they were in” as they moved (P9). The selection algorithm can
be “very useful if I need to batch similar operations on a number of
webpages” (P1). However, users also mentioned that the selection
algorithm triggered by the scroll function should be improved (P15,
P17). P15 expressed a desire for more precise control when selecting
elements, such as identifying semantically similar elements.

4.3.4  Visual Feedback. Participants found that previews are help-
ful in understanding the elements to be manipulated (M = 6.27,
SD = 1.06), and it was helpful to observe that previews are updated
simultaneously in the automation process (M = 6.73, SD = 0.57).
The users particularly appreciated the clear visual previews and
animation features, which improved their confidence during inter-
actions (P4, P8-P10, P14, P15). The previews for invisible windows
are necessary to help users understand what the Multi-Click is
doing on other tabs (P8, P10). P9 highlighted “the preview with
animation makes things easy to follow and adds a nice touch of inter-
activity” P12 liked “how previews become transparent so that I could
see the original web content underlying.”

4.3.5 Efficiency and Spreadsheet Functionality. Many participants
found that Multi-Click was efficient to use (P2, P11, P13-P15, P17).
The participants highly valued the interactive data table function-
ality, rating it 6.27 out of 7 (SD = 0.57), highlighting its potential to
improve efficiency. The interactive input table has spreadsheet-like
features so that users can easily copy and paste information from
existing data (P13). Multi-Click not only “makes doing repeated
tasks on the same website faster” (P15), but also relieves users from
clicking multiple times to switch between tabs when they need to
multitask (P11).
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Figure 5: User ratings of NASA-TLX survey for Multi-Click and Operator. 1 means high mental load, high physical load, feelings

of being hurried, unsuccessful, high efforts, and high stress.

4.3.6 Subjective User Feedback. In the exit survey, Multi-Click
(M = 6.1,SD = 0.78) and Operator (M = 5.6,SD = 1.0) receive
similar overall ratings. The results of the NASA-TLX survey [26] for
both systems are shown in Figure 5. Participants feel more hurried
when using Operator (M = 2.8, SD = 2.2) compared to Multi-Click
(M =5.8,SD = 1.4), primarily due to the fact that Operator can op-
erate on one page at a time (U = 63.00, z = 2.18, p = 0.024,r = 0.49).
Although participants reported feeling less physical demand when
using Multi-Click compared to Operator (Medians: 5.00 vs. 4.00),
this difference approached but did not reach statistical significance
(U = 57.00,z = 1.66,p = 0.084,r = 0.37). Other NASA-TLX met-
rics including mental demand (p = 0.188), success (p = 0.419),
effort (p = 0.671), and discouragement (p = 0.152) did not show
significant differences between the two systems.

5 Scope and Example Usage Scenarios

As our evaluation shows, Multi-Click offers an approach to web
automation that gives users immediacy and direct control. However,
it is not as universally applicable as general-purpose automation
tools; Multi-Click is scoped to tasks that involve performing the
same (or similar) actions to elements that are structurally and visu-
ally similar. Further, for data input tasks, data must be formatted
in a one-column list for each tab. Tasks involving unstructured
elements or inputs fall outside of the effective scope of Multi-Click.

Still, these criteria align with a broad class of practical tasks. Be-
low, we describe some example usage scenarios with real websites.
They are meant to be illustrative rather than exhaustive, highlight-
ing the types of real-world tasks where Multi-Click works and can
be effective.

o Extracting abstracts from ACM: Figure 6 shows that the
user can use Multi-Click to efficiently access and manage
abstracts from ACM articles. With a simple scrolling interac-
tion, users can preview abstracts from multiple ACM paper
web pages simultaneously. Furthermore, Multi-Click auto-
matically extracts these abstracts into a structured spread-
sheet, allowing convenient future operations such as copy-
ing, pasting, and further analysis.

e Batch Inputs on Job Application Portals: Many compa-
nies use similar or standardized application systems. Despite
being deployed on different websites, their output structured
nearly identically in a way that Multi-Click can leverage.
Multi-Click enables users to input personalized information
in batch to different portals with a single click and scroll. As

Figure 7 shows, users can select from available input lists
and employ a spreadsheet interface to efficiently enter data
customized for various company application portals.

o Collecting Stock Data: Users can use Multi-Click to effi-
ciently collect and compare data from stock market websites
(Figure 8). By hovering and scrolling, users can easily gather
and manage stock data across multiple tabs, each displaying
information from different market indices. This capability
enhances the user’s ability to analyze and compare financial
data effectively.

e Collecting Reddit Comments: Multi-Click can be applied
to collecting user comments from online forums, such as Red-
dit, for subsequent textual analysis. Users can leverage Multi-
Click to select and aggregate comments across multiple posts
and tabs into a spreadsheet, as illustrated in Figure 9.
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6 Limitations and Future Work

Our implementation of action generalization via Multi-Click has
several limitations and promising areas for future research.

6.1 Heterogeneous Targets and Interactions

Multi-Click requires that the targets be analogous in structure and
appearance. Future work could explore ways to perform analogous
actions across heterogeneous pages that use different layouts or
structures to represent the same information or inputs. For exam-
ple, a user might want to enter the same ‘destination’ field across
multiple travel websites with different layouts. In these situations,
identifying analogous targets requires a semantic understanding
of elements’ meanings. To do this automatically, future tools could
leverage developer-specified semantics [55] or use Al to derive
semantics (e.g., [63]).

Beyond having different structures, performing analogous high-
level actions across pages might require different low-level input
sequences. For example, many travel websites use custom date
input widgets. Accomplishing the same high-level intent (selecting
a departure date) might require different low-level inputs (clicking
on different parts of the date selection widgets). Future work could
leverage web automation tools (including Operator [5]) in more
targeted ways to determine the low-level actions to perform.

6.2 Beyond the Web to Any UI

The design of Multi-Click could be integrated at the Operating
System (OS) level to apply to any user interface. However, the cur-
rent implementation of Multi-Click relies on several features that
are unique to the Web. Specifically, it leverages (i) access to the

Zhang et al.

Document Object Model (DOM—the underlying structure of the
webpage) to identify potentially analogous targets; (ii) access to
the CSS Object Model (CSSOM—how the browser represents object
style specifications) to identify which potential targets are most
likely analogous by their appearance; (iii) JavaScript APIs for simu-
lating user events; (iv) browser APIs for displaying target previews
and interactive data tables; and (v) browser APIs for referencing
web content that is open, even if it is not visible on screen.

Simulating events (iii) and target previews (iv) are relatively
straightforward to implement at an OS-level. However, identifying
potential targets (i) requires screen parsing—identifying UI struc-
tures from visual information [64]. Although this is an active area
of research, current algorithms are too computationally intensive
to be appropriate for the kind of near-immediate feedback neces-
sary for direct-manipulation interaction [37, 64]. Algorithms that
are faster and more specialized (e.g., [18]) could improve computa-
tional flexibility but could limit the types of UI elements that could
be targeted. Further, algorithms would need to be developed to
identify when elements are ‘similar’ (ii—for example, use the same
font size, color, or more) without relying on style specifications.
Finally, many OS-level access points do not provide a way to access
elements or content that is not immediately visible (v). For example,
if a user wanted to edit the same element across multiple slides in a
presentation application, the system would need to proactively load
or navigate to off-screen content and perform matching analyses
or perform actions.

6.3 Parameterizable Generalization Strategies

Future work could also extend and parameterize the four general-
ization strategies built into Multi-Click. For example, each strategy
could include a parameter to specify how restrictive match crite-
ria are. Users could then choose between different generalization
strategies (for example, by scrolling vertically) and different pa-
rameter values for the selected strategy (for example, by scrolling
horizontally).

7 Conclusion

Multi-Click is a novel approach for generalizing user actions to
multiple targets within or between tabs / windows. By combin-
ing progressive element selection, real-time cross-tab previews,
and a unified input management interface, Multi-Click bridges the
gap between lightweight direct manipulation and powerful web
automation. Our user study shows that Multi-Click significantly
improves task efficiency and usability compared to both manual
input and state-of-the-art agent-based automation tools.
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