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Figure 1: Sidekick supports effective multitasking with computer-use agents (CUAs) by bridging communication gaps across
different stages of interaction. In this example, CUAs assist with data annotation for a paper the user is writing. (a) When
CUAs run in the background, Sidekick signals their execution states through ambient cues, mitigating disruption to the user’s
primary task. (b) When the user resumes interaction, Sidekick presents multimodal summaries of completed actions, enabling
rapid context resumption. (c¢) When CUAs operate in the foreground, Sidekick improves their transparency by verbalizing and

visualizing the agent’s reasoning process.

Abstract

Computer Use Agents (CUAs) can autonomously execute complex,
multi-step tasks within GUIs, enhancing efficiency through parallel
multitasking. However, our formative studies with CUA experts and
GenAl users indicated that current feedback is primarily text-based,
requiring sustained attention to monitor progress and offering lim-
ited visibility to trace past GUI interactions. Based on the findings,
we developed a prototype system, Sidekick, for communicating
CUAs’ status with multimodal feedback across different stages of
interaction: (i) When CUAs run in the background, Sidekick
signals its execution state through ambient cues. (ii) Upon resum-
ing interaction with CUAs, Sidekick provides multimodal sum-
maries of completed actions to support rapid context resumption.
(iii) When CUAs operate in the foreground, Sidekick enhances
transparency by verbalizing and visualizing the agent’s reasoning.
A study with 30 participants demonstrated that Sidekick signifi-
cantly improved multitasking performance with CUAs compared to
baseline systems that presented textual feedback either in a typical
chat or in an ambient display. Sidekick supported progress aware-
ness, and error and action traceability more effectively. Finally, we
demonstrate the promise of Sidekick through several example ap-
plications, and discuss implications for long-horizon human-agent
collaboration.
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1 Introduction

Computer Use Agents (CUAs) operate through sequences of actions
within graphical user interfaces (GUIs), making intermediate deci-
sions, interacting across applications, and executing tasks on users’
behalf. These capabilities hold significant promise for autonomously
managing complex tasks [79, 94], where users can delegate and
coordinate tasks according to their preferences. However, CUAs
may operate for extended periods, during which users often switch
to other tasks. In certain situations, such as those involving privacy-
sensitive or high-stake decisions [37, 75, 79], CUAs may still require
timely user input. As a result, users must manage multiple tasks
concurrently while maintaining effective communication and over-
sight of CUAs to ensure successful task execution. This raises a
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key question: How should feedback be designed to support effective
communication during multitasking with CUAs?

To address this question, we conducted a formative study with
three CUA experts and fifteen GenAl tool users (e.g., text, image,
code generation). This allowed us to examine how issues observed
in existing GenAl tools, which similarly involved Al reasoning,
limited transparency, and extensive outputs, may transfer to CUAs,
while grounding our analysis in CUA expert insights. We found that
CUAs are often used in two interaction modes: foreground, where
users actively monitor the agent’s progress, and background,
where agents run autonomously while users attend to other tasks.
Across both modes, we identified several communication gaps.

When CUAs operate in the foreground, unlike other GenAI
tools that display ongoing reasoning or real-time edits (e.g., vibe-
coding tools), they provide limited transparency into their internal
decision-making process and little GUI-visible feedback to support
user engagement [37]. When running in the background, CUAs
also lacked clear signals of progress or completion. As a result,
they often remain detached from users’ workflows and are checked
asynchronously long after they are stuck or done. Upon resuming
interaction with CUAs, users encountered feedback that remains
largely text-based, similar to other GenAlI systems. This made it
difficult to reconstruct CUAS’ progress, intervene in time, or un-
derstand how GUI states have evolved, particularly when CUAs
perform consequential actions and produce artifacts beyond text.

To bridge this communication gap in multitasking with CUAs,
we introduce Sidekick, a prototype system that supports monitoring
and communicating CUA status across interaction stages: (i) When
CUAs operate in the background, Sidekick conveys execution
state with a high-level summary and visual thumbnail, along with
ambient color cues in a peripheral display (e.g., green for normal
progress, yellow for potential issues, red for being stuck). (ii) Upon
resuming interaction with CUAs, Sidekick provides multimodal
summaries that combine speech and visual highlights of key actions
and system changes to support rapid context recovery. (iii) When
CUAs operate in the foreground, Sidekick enhances transparency
by verbalizing the agent’s reasoning in real time and visualizing its
actions (e.g., annotated clicks, typing, and screenshots).

To evaluate Sidekick, we conducted a mixed-methods study with
30 participants performing arithmetic questions as the primary task
and spreadsheet filling as the secondary task. We found that Side-
kick significantly improved multitasking performance compared to
users working alone, and two baseline systems that presented tex-
tual feedback either in a typical chat or on a peripheral display. This
improvement was driven by better outcomes in the CUA-assisted
secondary task, where Sidekick enhanced users’ awareness of the
CUA’s states and enabled timely intervention when errors occurred
without disrupting users’ primary tasks. Moreover, Sidekick re-
duced errors more effectively than the baseline systems by provid-
ing multimodal summaries of CUAs’ completed actions upon users’
return, which were perceived as more helpful for understanding
and multitasking with CUAs. Finally, we demonstrated the promise
of Sidekick through three application scenarios and discussed im-
plications for long-horizon human-agent collaboration.

In summary, our work makes the following contributions:
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(i) A formative study with 15 GenAlI users and 3 CUA experts
that identifies key communication gaps between humans
and CUAs during multitasking.

(i) Sidekick, a prototype system that bridges these gaps by pro-
viding feedback to support transparency, progress awareness,
and context resumption in human-CUA multitasking.

(iii) A mixed-methods evaluation with 30 participants showing
that Sidekick significantly improved multitasking perfor-
mance with CUAs compared to chat-based or peripheral-text
feedback without disrupting the primary task.

(iv) Design implications and three application scenarios to illus-
trate how Sidekick may be extended to future long-horizon
human-agent collaboration.

2 Related Work

Our work builds on prior research in (i) computer-use and web
agents that operate GUISs, (ii) transparency in human-agent col-
laboration, and (iii) ambient and peripheral displays that support
multitasking, techniques for rapid context resumption.

2.1 Computer-Use and Web Agents

Recent advances in computer-use models have enabled agents that
execute user goals by directly interacting with GUIs, bridging nat-
ural language intent and low-level actions (e.g., clicking, typing).
Early work explored grounding models in web environments using
screenshots, DOM structures, and action histories. For example,
WebArena [96] and Mind2Web [46] introduced realistic web en-
vironments and benchmarks that map high-level prompts to ex-
ecutable interactions in standardized settings. Building on these,
WebVoyager [52] and SeeAct [95] leveraged large multimodal mod-
els (LMMs) to support more open-ended web tasks.

Beyond web agents, “computer-use” (OS-level) agents generalize
these capabilities to desktop environments. Given a user goal, they
iteratively infer executable actions from screenshots in a closed
loop grounded in GUI states. Industry systems (e.g., OpenAl Op-
erator [12], Anthropic Claude [8], Google Gemini [13]) further
demonstrate increasingly human-like interaction. Correspondingly,
evaluation has shifted from static, outcome-based metrics to human-
centric, trajectory-aware criteria that assess whether actions are
visually grounded and contextually appropriate, which better cap-
tured real-world ambiguity and long-horizon tasks [18, 24, 49, 93].

These advances suggest that CUAs are becoming increasingly
autonomous, capable of handling complex tasks at scale [79, 94].
However, increased autonomy also introduces risks, including er-
rors and guardrails triggered by high-stakes actions [5, 75, 79],
which still require timely user intervention. This raises a key ques-
tion for the HCI community: How should feedback be designed to
support effective communication during multitasking with CUAs? To
address this, we conducted a formative study to derive design goals
for Sidekick to support human-CUA multitasking.

2.2 Human-Agent Collaboration

Principles for mixed-initiative systems emphasized coupling au-
tomation with direct manipulation, allowing users to invoke, over-
ride, or terminate automation [54]. Human-AI guidelines similarly
highlighted transparency, user correction, and error recovery [21].
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Prior work shows transparency can improve performance and
trust calibration, depending on task demands and interface integra-
tion [81, 87, 88. Accordingly, explanation techniques in di erent
modalities, such as textual (what, why, consequenc88)35 and
visual (e.g., feature highlights7[], interactive visualizations 20,
40 44,91, 92), have been developed to support human-Al collabo-
ration [53 84). However, these approaches are underexplored for
CUAs, which operate over long horizons and may hallucinate, get
stuck, or cause irreversible errors, which require timely communica-
tion for user intervention B7, 72 75. To address this gap, Sidekick
extends prior work by verbalizing and visualizing CUA reasoning
and actions to enhance transparency in multitasking. Our study
ndings further highlight the need for context-aware, customizable
communication to support e ective human-CUA collaboration.

2.3 Ambient Display, Multitasking, and Context
Resumption

HCI research on multitasking examined how users coordinated
attention and managed interruptions. Prior work showed that in-
terruption costs vary with timing L9 and task complexity 71.
Several systems have been developed to mitigate disruption by
inferring cognitive load and scheduling noti cations opportunisti-
cally [23 31, 36 55 57,58, or by supporting resumption through
structured activity histories and video replayl, 50. Another line

of work explored awareness without undue distraction. Peripheral
and ambient displays presented at-a-glance information in the
periphery, enabling background monitoring while maintaining fo-
cus [76. These systems provided interfaces spanning on-screen
sidebars 2§, multi-monitor setups b8 69, projections [66, and
physical artifacts with ambient cue<fl, 45. Prior studies also com-
pared presentation strategies in ambient displays, including text vs.
graphics BZ, motion vs. static 7], information density 43, and
modality [22 26. These insights informed our design of ambient
displays to unobtrusively signal CUAs' states in Sidekick and the
baseline systems we compared in the evaluation (e.g., text in either
chat or peripheral). Sidekick builds on prior work in structured his-
tory and video replay to support resumption for CUAs that produce
evolving GUI statesather than static or predetermined interfaces.

3 Formative Study

In this study, we aimed to investigate how users interact with CUAs
and GenAl tools across prompting, waiting, and result retrieval,
and what feedback supports such collaboration. We conducted a
survey with 15 GenAl tool users (F1 F15; mean age = 26.5, SD =
3.3). The survey covered participants' experiences with text, image,
and code generation, with a focus on work ow integration, sus-
tained engagement, and how users revisit and interpret generated
outputs. We also conducted 30 60-minute contextual inquiries with
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studied CUAs in assistive contexts, while F18, a PhD student, exam-
ined their use on complex cloud-based platforms. Collectively, their
work spanned a range of CUA models and application contexts.

This mixed-sample approach re ects the relatively early stage
of CUA development and adoption. As of 2025, available CUAs re-
mained limited b, 8, 13 and achieved approximately 60% accuracy
even on basic taskslf 93, constraining opportunities for broader
real-world use. Our approach therefore allowed us to examine how
challenges observed in established GenAl tools may extend to CUAs
while grounding these insights in expert practice.

3.1 Results

3.1.1 Some users treated GenAl tools as peripheral, background
components in multitasking workflowdsers integrated GenAl tools
into broader work ows alongside productivity tools (e.g., image
generation for slides in PowerPoint or Keynote, and text generation
for writing in Overleaf). They often used multiple GenAl tools
concurrently to support multitasking. As a result, GenAl tools
were typically treated as peripheral or background components,
running in browser tabs, split-screen layouts, or small oating
windows rather than occupying primary focus. In contrast, code
generation tools were more tightly embedded within development
environments (e.g., Cursof], Claude Code3]). Similarly, CUAs
were frequently executed in the background or in the cloud for
scheduled or long-running tasks to avoid interfering with users'
local computer and primary work (e.g., F16 used Vercd} fo
generate weekly stock market plots in Google Sheets).

3.1.2 Some users shi ed a ention to manually monitor progress.
When tasks were complex or time-consuming, some users treated
GenAl tools as background processes and shifted to other tasks
(N=12), such as duringefactoring or making big change&=3).
Because intermediate progress signals were limited, participants pe-
riodically checked progress by using Alt+Tab (F11, F12), switching
back from time to time (F2), or monitoring screens and terminal
messages (F17). Although disruptive, these checks helped users
maintain context and avoid the cost of resuming interrupted work,
as F5 explained! would constantly check the progress because |
don't want to lose my flowThese ndings highlight the need for
clearer, real-time indications of GenAl progress.

3.1.3 Some users sustained a ention to GenAl t8alise users
remained attentive to GenAl tools when reviewing outputs or han-
dling high-stakes tasks. F8 stayed on ChatGRF important tasks

to pause or revise prompts. Others monitored only the initial out-
put before returning to their main work; for example, F13 veri ed
Claude's to-do list before switching away. Participants also used
secondary monitors (F10) or split-screen layouts (F13) to maintain
peripheral awareness. Fast inline feedback in GenAl tools further
reduced attention shifts, as F4 note@he inline suggestions appear

three CUA experts (F16 F18; mean age = 29.3, SD = 3.2), duringquite quickly, so that | can use them immediately without shi ing.

which they demonstrated their typical work ows and shared ob-

However, feedback in current CUA tools was often overwhelming,

servations about CUA use. F16 used the CUA product developed whether presented as dense terminal text (F17, F18) or as a combi-

by Vercept [L§, which was later acquired by Anthropic?], for
background tasks such as exploring and summarizing new papers

nation of screenshots, actions, and reasoning (F16). These ndings
highlight the need for timely, unobtrusive feedback that supports

and generating weekly stock charts. F17, a postdoctoral researcher, lightweight monitoring.
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Figure 2: Sidekick's multimodal feedback across di erent stages of user interactions with CUAs. (a) When the CUA runs in
the background, Sidekick provides peripheral awareness through ambient visual cues (colors, text, and thumbnails). Green
indicates smooth progress, yellow signals minor errors, orange re ects accumulating issues, and red indicates the agent is stuck
and has been paused for user intervention. (b) Upon resuming, Sidekick delivers multimodal summaries combining speech and
visual replay, highlighting completed actions as well as encountered errors. (c) When the CUA is in the foreground, Sidekick
visualizes the agent's reasoning and actions in real time, augmented with synchronized speech and foley sound e ects.

3.1.4 Current interface features to support task switching are insuf-Speci cally, it provides peripheral signals to convey task progress
ficient. To support task switching, particularly when returningto  when running in the background (Section 4.1), structured multi-
GenAl tools, participants relied on noti cations to signal comple- modal summaries to communicate completed actions and changes
tion. However, prolonged waiting made re-engagement di cult,  (Section 4.2), and real-time, synchronized text and visual feedback
often requiring users to scroll through logs or chat histories to re- when CUAs operate in the foreground (Section 4.3). Below, we il-
construct context. As F10 noted, lengthy responses made it easy to lustrate these Sidekick interactions across stages using an example
lose track of where the conversation is goilrgerface structuring in which a user writes a paper while a CUA lIs a spreadsheet with
partially mitigated this issue. Elements such esde block®old relevant data (Figure 1).

headingsand clear response semantics helped users reorient; for
example, F3 described scanning high-level explanations before ex-
?m_lmng detailed edits. However, current CL_JA chat mterfacc_as oer 4.1 CUAs operating in the background
imited structured or layered feedback, making users rely primarily

on nal screen states or text-based reasoning. This highlights the TO fulll D1 and support peripheral awareness of CUA progress,
need for better support for task resumption, especially as CUAs Sidekick introduces an adjustable, always-on-top peripheral win-

produce consequential actions beyond text. dow, referred to as theSidekick displayThe display communi-
cates high-level CUA activity through concise text summaries,
4 Sidekick screenshots, and color-coded status signals (Figure 2a). Within

this window, Sidekick condenses raw CUA messages into brief,

one-sentence summaries (e.ggent found data references, is analyz-

ing the spreadsheet, and will Il Column B starting atB2 ). These sum-

maries allow users to monitor progress at a glance while remaining

D1 When CUAs operate in the backgrowBdable peripheral aware-  focused on their primary task. For later reference, the same mes-
ness of CUAS' intermediate progress to reduce manual checking sage also appears in the chat interface (Figure 3d, shown in black).

Sidekick is a prototype system designed to bridge the communica-
tion gap across di erent interaction stages with CUAs. Based on
the formative study ndings, we derived three design goals:

(Sections 3.1.1 & 3.1.2). Sidekick evaluates each generated action by comparing screenshots
D2 Upon resuming tasks with CUAS er structured, high-level taken before and after execution. A VLMemini-2.5-flash ) as-

summaries of completed actions, system changes to support sesses whether the resulting state matches the user's query or the

rapid context resumption (Sections 3.1.2 & 3.1.4). CUA's current subgoal. An action is marked erroneous when the

D3 When CUAs operate in the foregrouRdbvide real-time feed-  post-execution state fails to re ect the intended outcome. Most
back on CUAs' actions and reasoning to support transparency errors involved eithemo progressvhere the interface remained un-
(Section 3.1.3). changed, or arncorrect actionwhere the resulting state diverged
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from the goal. Based on this de nition, Sidekick tracks the num-
ber of consecutive errors, denoted Byand adjusts the color of
the Sidekick displayo indicate system status: yellow whehj G
orange when4 | ~, and red wherd j |. Upon reaching the red
state, Sidekick automatically pauses the CUA as a safeguard. This
design aims to draw the user's attention when intervention may
be necessary while remaining minimally intrusive during normal
operation. In our study, we séb= 3,~ = 6, andl = 8based on the
error patterns observed during prototype development.

4.2 Resuming tasks with CUAs

To addres®2 and support context resumption, Sidekick generates
a multimodal summary when users return to CUAs (e.g., focusing
on the CUA's tasks), describing actions completed during back-
ground execution (Figure 2b). To achieve this, Sidekick operates
continuously in the background and produces summaries at each
completed step by prompting a VLM with prior actions, step indices,
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Air (Figure 3a). All click-through on-screen visualizations, includ-
ing peripheral windows and annotations, are developed in Swift
and deployed on both the macOS virtual machine (VM) and the
MacBook host. For the real-time multimodal feedback described in
Sections 4.2 and 4.3, including synchronized verbalizations, visual-
izations, and foley sounds, we ugemini-2.5-flash as a VLM-based
converter that transforms plain-text CUA messages into SSML-like
annotations [L5. The VLM is prompted to identify references to
GUI objects and actions in Sidekick's messages and ground them
in the current screenshot. For example, the CUA message in one of
the proposed application scenarios (Figure 9):

With the cat now selected with marching ants, the agent will click the

generative Il button.

can be converted into the following SSML-like annotation:
With the <mark name="object_1"/41) cat </>[?! now selected with march-

ing ants, the agent wikmark name="action_1"/4°! click </>[*l <mark

screenshots, and agent messages. The summaries are converted name="object_2"/>[°/ the generative Il button</>(/.

into the Speech Synthesis Markup Language (SSNIF)ith em-
bedded step IDs, allowing text-to-speech (TTS) services to generate
timestamps for synchronized playback. Using these, Sidekick aligns
narration with corresponding screenshots and action visualizations
(Detailed in Section 4.4). Depending on user preference, summaries
can be presented as either audio or text. The CUA remains paused
during summary playback, allowing users to review the completed
actions before execution resumes. After playback, Sidekick visu-
alizes action recency using a color gradient (e.g., green for earlier
actions, blue for recent ones), helping users understand how prior
steps led to the current system state.

4.3 CUAs operating in the foreground

To ful ll D3 and provide transparent, real-time feedback, Sidekick
externalizes the CUA's reasoning, plans, and actions through multi-
modal cues when users actively engage with the agent (Figure 2c).
This includes verbal and visual feedback to accommodate di erent
attention preferences and interaction contexts. Speci cally, Side-
kick verbalizes the CUA's messages, including internal planning
(e.g., I can see column B is empty and needs to be lled. Now | need

to reference the Preview app to get the correct scores.) and action-
completion updates (e.gl've typed 65 in cell D7. Now I'll press Enter

to conrmthe entry. ). It also generates Foley sounds; 8§ to ac-
company computer interactions such as clicking, typing, and taking
screenshots. In parallel, Sidekick visualizes actions on the screen, in
sync with the speech and foley sounds. For example, it highlights
spoken content with cropped bounding boxes (Figure 2.1), anno-
tates clicked locations with visual markers (Figure 2.2), and displays
the issued keyboard commands in texts (Figure 2.3). Similar to mul-
timodal summaries, this synchronization is achieved by converting
messages into SSMILY with embedded action labels, enabling
TTS to generate timestamps that align speech with visualizations.
We detail the implementation in the next section.

4.4 Implementation details

We use the existing CUA frameworl6] and the modehnthropic/
-claude-sonnet-4-5-20250929 . The CUA runs inside a macOS vir-
tual machine (Figure 3d), Lum@T], hosted on a local MacBook

[1] 0.3s: Highlight the cat with a bounding box.

[2] 1.1s:Remove the cat bounding box.

[3] 3.9s:Display click and mark the click location.
[4] 4.2s:Remove the action cue.

[5] 4.2s: Highlight the button with a bounding box.
[6] 5.6s: Remove the button bounding box.

Objectlabels are sent to a VLMdmini-3.5-flash ) for open-vocabulary
object detection, which returns bounding boxes for visualization,
while action labels specify when to render on-screen action cues and
Foley sounds. The SSML-like annotation is then passed to Google
TTS [LQ, which synthesizes speech and produces timestamps that
Sidekick uses to synchronize verbal, visual, and auditory feedback.

5 Experiment

To understand the e ectiveness of Sidekick in supporting multi-
tasking with CUAs, we conducted a mixed-methods study with 30
participants, recruited via public posts at our institution (Mean age
=22.6, 18 female and 12 male), to quantitatively and qualitatively
examine how Sidekick supports multitasking with CUAs (Table 1).

5.1 Tasks

To simulate multitasking, we carefully designed a primary and a
secondary task based on prior work, pilot studies, and current CUA
capabilities. Participants solved arithmetic problems as ghie
mary task (e.g., two-digit addition or subtraction) while delegating

a spreadsheet- lling task to the CUA as tteecondary task (e.g.,
entering scores from a reference table; Figure 3d). We chose two-
digit arithmetic tasks as they were commonly cited as cognitively
demanding tasks in multitasking studie®T, 39, 42 7§. Partici-
pants were placed in a scenario in which they served as a teaching
assistant entering scores into an outdated grading system while
managing an arithmetic assignment deadline, motivating them to
seek help from CUAs. We selected spreadsheet- lling tasks due to
the limited capabilities of current CUAs (mentioned in Section 3).
Based on our empirical observations, CUAs were more controllable
on these tasks and achieved higher success rates than on complex
ones (e.g., slide or image editing).
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