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ABSTRACT
While effective for recording and sharing experiences, traditional
in-context writing tools are relatively passive and unintelligent,
serving more like instruments rather than companions. This re-
duces primary task (e.g., travel) enjoyment and hinders high-quality
writing. Through formative study and iterative development, we
introduce PANDALens, a Proactive AI Narrative Documentation
Assistant built on an Optical See-Through Head Mounted Display
that supports personalized documentation in everyday activities.
PANDALens observes multimodal contextual information from user
behaviors and environment to confirm interests and elicit contem-
plation, and employs Large Language Models to transform such
multimodal information into coherent narratives with significantly
reduced user effort. A real-world travel scenario comparing PAN-
DALens with a smartphone alternative confirmed its effectiveness
in improving writing quality and travel enjoyment while mini-
mizing user effort. Accordingly, we propose design guidelines for
AI-assisted in-context writing, highlighting the potential of trans-
forming them from tools to intelligent companions.
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1 INTRODUCTION
Documenting life experiences has long been an essential need of our
lives [15, 19, 44], and various solutions have been developed to facil-
itate this process. Using mobile devices, users can take pictures on
phones or use lifelogging cameras to record daily activities [10, 48].
One can also leverage AI technology to capture moments of signifi-
cance automatically [10, 19]; however, relying solely on AI makes
it difficult to fully understand human intentions and accurately
extract the most interesting moments in a meaningful form [48].
Another approach is in-context multimodal authoring, exemplified
by tools like LiveSnippets [44], which allow users to document their
experiences with photos and voice comments as they unfold. How-
ever, interactions in such systems are passive, requiring explicit
efforts with hands-occupied and heads-down interaction [39, 95]
from the author. Additionally, the content generated often appears
mundane, typically presented as a simple chronological listing of
events rather than a compelling and engaging narrative [44].

With the introduction of Large Language Models (LLMs) and
other technological advancements, there is now an opportunity
for proactive engagement and the generation of longer, more de-
tailed content using in-situ documentation of life experiences. In
particular, LLMs can assist users in generating rich and expressive
narratives by providing context-related guidance and suggestions.
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Figure 1: (A) A user travels with PANDALens, an AI-assisted in-context writing tool equipped with an Optical See-Through
Head-Mounted Display (OHMD) and a ring mouse. (B) The system leverages various modalities to detect the user’s interests
during travel, such as potential interesting audio (e.g., tiger sounds in a museum) and gaze patterns (e.g., looking at flowers). (C)
Detecting interests, the system displays icons (e.g., with auto-captured images) and prompts the user to comment verbally.
It then transcribes this comment and combines it with other data such as image, audio, time, and location to assemble the
contextual data. (D) Using the contextual information, the system formulates context-specific questions in the user’s preferred
style with a Large Language Model (LLM). The user can then respond to these questions. LLM also creates a summary of the
moment, which can be refined based on the user’s feedback. (E) Post-trip, the user can activate PANDALens using the ring mouse
to automatically generate travel blogs. A list of recorded moments is displayed for the user to choose from. Once selected, the
system drafts a travel blog that mirrors the user’s unique style.

This means individuals can embed their immediate and person-
alized feelings and reflections in the instant moments. Proactive
engagement through in-context writing allows for more immersive
and authentic life document experiences, avoiding the decay of
memories over time [44]. Moreover, with the assistance of LLMs,
the need for post-editing efforts can be significantly reduced, as
the generated content is more coherent, well-structured, and ready
for sharing or preservation [67, 88]. These technological advances
open up new possibilities for capturing and preserving meaning-
ful moments, enabling individuals like Jane, a travel enthusiast in
Figure 1, to create more engaging and detailed accounts of their
experiences.

This leads us to our research question and design goal: How can
we support high-quality, personalized documentation in everyday
activities (e.g., travels) but with seamless interaction during users’
primary tasks (e.g., travels) and minimum post-editing efforts?

We introduce PANDALens (ProactiveAINarrativeDocumentation
Assistant), an AI-assisted in-context writing system on Optical See-
Through Head Mounted Displays (OST-HMD, OHMD, augmented-
reality smart glasses). The wearable heads-up platform [95] reduces

the efforts in moment capture by leveraging AI to observe multi-
modal context information1 [26, 68] from user natural behaviors
(e.g., gaze, movement, voice) and environments (e.g., objects in
egocentric view and ambient audio), subsequently offering mo-
ment capture suggestions proactively. Users can respond to these
suggestions via natural voice dialogue or subtle ring interactions
[17, 72]. To elicit detailed user expressions and facilitate intelligent
dialogues, the Large Language Model (LLM) is used to interpret
the multimodal contextual information of the captured moment
and generate context-related questions. To enhance the quality of
the final documentation, the integrated LLM utilizes contextual
information with detailed user expressions to craft the narratives
progressively, minimizing user editing efforts.

Compared to previous approaches (e.g., [44]), which often only
satisfy part of the design goals, PANDALens is the first of its kind
we are aware of to largely satisfy all the design goals specified

1In our context, multimodal information refers to visual, audio, spatial, and temporal
data of the user and environment.
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in the research question. This is achieved by introducing multi-
modal sensing, AI interpretation, and carefully designed mixed-
initiative interfaces and interactions. Through this integrated ap-
proach,PANDALensenables the generation of rich and personalized
content, particularly longer documents, through implicit, natural,
and context-aware inputs. Acting as a proactive AI with LLMs,
PANDALensdiscerns documentation intentions within live, mul-
timodal contexts, thus reducing user e�ort in capturing moments
and providing context-rich descriptions. By transforming mentally
demanding documentation into a secondary background activity,
PANDALensenables users to concentrate on their primary tasks,
such as travel, with minimum distraction.

PANDALenswas compared with a smartphone in-context writing
application [44] in realistic travel scenarios in a local museum
involving 16 participants, assessing its overall capability to generate
high-quality narratives with high user experience during travel.
Our �ndings indicated thatPANDALenscould e�ectively improve
travel enjoyment, evoke more profound re�ections, and produce
high-quality narrative documentation with reduced e�ort.

Our contributions are threefold: 1) We introduce a design space
for multimodal context information naturally occurring in travel
scenarios, demonstrating how this information can enhance inter-
action and writing. 2) We present an AI-assisted writing approach
that transfers the passive mobile tool to a proactive wearable assis-
tant. It is accompanied by a proof-of-concept artifact,PANDALens,
designed for seamless in-context writing on OHMD. 3) We provide
an empirical study validating this approach in realistic scenarios,
o�ering further design implications.

2 RELATED WORK
To develop a wearable AI assistant that can help users document
their experiences with minimal interference in their primary tasks
(e.g., travels), we consider the following areas.

2.1 Documenting Life Experiences
Capturing and recording users' experiences and activities is an
active area of research in Human-Computer Interaction (HCI), with
lifelogging being a prominent focus [48, 66, 73]. Such experience
documentation serves various purposes, including Recollecting,
Reminiscing, Retrieving, Re�ecting, and Remembering intentions
(the 5Rs) [73], as well as sharing experiences [66]. Recent research
in experience documentation methods [44, 47] highlights the ad-
vantages of in-context documentation (i.e., documenting the expe-
rience and personal thoughts in real-time) over traditional post-
context/retrospective documentation (i.e., recalling past events and
recording them). In-context documentation results in more detailed
descriptions of experiences with lower memory decay and recall
biases and reduces barriers to capturing [44, 47]. Nevertheless, the
frequent manual actions required for in-context documentation can
be a barrier to documenting everyday life experiences [47].

2.2 AI-Assisted Experience Capturing and
Documentation

With the advancement of Machine Learning and Arti�cial Intelli-
gence (AI) systems, barriers such as the manual e�ort to capture
and �lter data to �nd important moments and post-processing have

been reduced [10, 19, 45, 73]. Current research has explored two
avenues in this regard. The �rst is supporting automatic prominent
moment detection and extraction. Such techniques use egocentric
video alone [9, 23, 53, 79] to capture visually appealing moments or
highlight events; or they are combined with other modalities (such
as audio, motion, gaze, location, etc.) to understand �ne-grained
context and activities [10] and are adaptive to users' real-time at-
tention [19]. The second avenue is to simplify post-processing on
captured moments to craft high-quality narratives or stories [11]
(e.g., Day One Journal App2). However, there are still challenges
for in-context documentation of experiences with AI assistance.
AI-initiated automatic capturing can result in incorrect captures
due to a lack of user feedback or the user's mental state [10, 48].
Similarly, although AI helps in post-processing, including editing
[75, 88], a lack of proper user guidance can lead to misleading in-
formation [7, 38, 85] and templated output [49, 65, 84] that deviates
from user expectations. Moreover, the integration of AI for both in-
context capturing and post-processing has received less attention
in the literature. Therefore, we conduct a formative study to un-
derstand the most suitable moments for capturing experiences and
user expectations of AI for in-context experience documentation.

To address the issues with AI-initiated systems that interact
with humans, mixed-initiative interactions have been introduced
[3, 4, 33], allowing humans and intelligent agents to collaborate
e�ciently to obtain the expected output. Mixed-initiative interac-
tions have been applied to collaborative documentation and writing
tasks [21, 71, 75]. In contrast to traditional Human-AI collabora-
tive documentation, where users primarily focus on writing tasks,
in-context experience documentation presents challenges because
users primarily focus on the experience, with documentation as a
secondary goal. Creating a good user experience when interacting
with advanced AI (e.g., LLMs), especially when uncertain about its
capabilities, is also challenging [91]. These challenges require both
AI and humans to iteratively document user experience and re�ne
the co-created document [20, 24, 71] without distracting users from
their primary activities [61].

2.3 Heads-up Wearable AI Assistant for
In-Context Documentation

While there are mobile phone applications to support in-context
documentation [44], they can interfere with the travel experience
due to the constant need for hands-occupied and heads-down pos-
ture [39, 95]. As an alternative, the emerging wearable platform,
Optical See-Through Head-Mounted Display (OHMD, AR smart
glasses) [37] and the heads-up computing interaction paradigm [95]
show potential due to increased situational awareness [39, 60] and
support for non-intrusive interactions with primary tasks [17, 40].
However, how to utilize heads-up computing for in-context docu-
mentation with AI assistance and minimal interference with the
primary task is underexplored.

We introducePANDALens, a system designed for OHMDs.PAN-
DALensleverages mixed-initiative interactions to reduce interfer-
ence and utilizes LLMs for document co-creation. It employs a
multimodal context analyzer to detect user interests [69, 74] and
initiate AI interactions when users' attention isn't occupied [5, 32],

2https://apps.apple.com/us/app/day-one-journal-private-diary/id1044867788

https://apps.apple.com/us/app/day-one-journal-private-diary/id1044867788
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o�ering non-intrusive suggestions [17, 29]. In PANDALens, LLMs
play a key role, bene�ting from their text-processing capabilities
and ease of customization for content organization [14, 25, 57, 67].
Unlike traditional Human-AI collaborative documentation, where
users explicitly provide intentions [21, 75], PANDALenscaptures
multimodal context implicitly through user behaviors, facilitating
more natural and personalized co-created documentation [71]. To
overcome challenges like proper prompting [94] and avoid gen-
erating unrelated information [7], PANDALensemploys an LLM
pipeline aligned with user expectations. Additionally, LLMs, armed
with multimodal context information, ask context-related in-situ
questions [52] to enrich the documentation, a departure from tradi-
tional systems o�ering �xed questions [44].

3 STUDY OVERVIEW
Our research began with a formative study to understand the design
space of harnessing multimodal information for AI-assisted in-
context writing, focusing on the travel scenario. Following this, we
iteratively developed the proof-of-concept system,PANDALens. We
then comparedPANDALenswith LiveSnippets[44], a smartphone-
based in-context writing system in real-world travel settings. Note
that all studies were approved by our university's institutional
review board (IRB), and participants were compensated ~7.5 USD
per hour, a standard rate for user studies in the local context.

4 FORMATIVE STUDY: HARNESSING
MULTIMODAL CONTEXT INFORMATION
FOR NATURAL HUMAN-AI
COLLABORATIVE WRITING

4.1 Research Questions
We envision the development of a wearable AI assistant collaborat-
ing with travelers to enhance their travel experience documentation.
However, realizing this vision necessitates addressing several key
issues. These include identifying the challenges users face with
current documentation methods, recognizing user behaviors that
can accurately discern the user's interests and desire to document a
particular moment, and understanding the user's preferences for AI
assistance. To explore these intricacies, we conducted a formative
study with the following three research questions.

� RQ1: What are the challenges users face when capturing
and documenting interesting moments during travel using
existing tools?

� RQ2: What behavior do users have to indicate their inter-
ests and intentions when they aim to capture and/or share
speci�c moments during travel?

� RQ3: What are users' expectations and preferences regarding
the behavior and interactions of the AI assistant during travel
to facilitate in-context writing?

4.2 Participants
We recruited twelve volunteers (P1-P12, 5 females, 7 males, mean
age = 24.3 years, SD = 3.9 years) from the university community.
To ensure the accuracy of our eye-tracking equipment, we selected
participants with normal or corrected vision, excluding those wear-
ing spectacles. Our participant pool primarily consisted of eleven

frequent travel sharers on social media, but included one partici-
pant who did not share travel experiences to provide an alternative
perspective. Our main goal was to observe behaviors from �rst-
time visitors (10) to identify behaviors associated with interests that
accompany �rst-time exposure, but we included two re-visitors to
explore di�erent perspectives during revisit experiences.

4.3 Apparatus
To better capture users' natural behavior during travel, we utilized
portable devices to record what users see, hear, and do during the
trip, aligning with prior lifelogging and travel research [10, 16].

Participants wore a backpack containing a laptop (Acer Swift
Go 14, 1.2kg), which collected all the recordings. Their visual ex-
periences, inclusive of gaze patterns over �rst-person view (FPV),
were recorded using a Pupil Core3 eye-tracker (World Camera:
30Hz, 1080p, FoV: 139°� 83°; Eye Cameras: 120Hz) that connected to
the laptop. Audio experiences comprising verbal interactions and
ambient sounds were captured via a microphone attached to the
participants. As with a conventional trip, participants could use
their smartphones to record moments as they desired. An accompa-
nying experimenter, maintaining a distance to avoid interference,
recorded user actions using a mobile phone (Pixel 6) from a third-
person view (TPV). This TPV feed was streamed to the laptop
in real-time through DroidCam4. The laptop synchronized and
recorded the FPV, gaze, TPV, and audio data using ShareX5. This
setup enabled instant playback for reviewing recorded experiences
later.

4.4 Study Design
To examine the user behavior across travel contexts, we included
two types of travel experience: educational exploration (i.e., visiting
a natural history museum) [50] and recreational exploration (i.e.,
visiting a park) [36]. The visit to the museum o�ers an information-
rich setting where users can deeply explore various specimens and
fossils (as shown in Figure 2a) and thematic displays. In contrast, in
the park, participants can relax and immerse themselves in nature
(as shown in Figure 2b). Participants were randomly allocated to one
of two locations, which resulted in 12 travel sessions comprising
six park and six museum experiences.

4.5 Task and Procedure
Our study includes two phases: a free-form travel exploration fol-
lowed by a retrospective interview. In the exploration phase, par-
ticipants were required to wear an eye tracker with the laptop in
a backpack (sec 4.3) for recording and asked to freely explore the
assigned destination for at least 30 minutes, accompanied by an
experimenter. After this, participants were asked to review the
recordings, including both FPV, Gaze, TPV, and Timestamp, with
the audio of the user and their ambient environment at 1.5x speed
(as shown in Figure 3). They were asked to pause the recording
to indicate moments they considered interesting (e.g., those that
in�uenced their emotions or engagement levels) during travel and
the moments they wanted to document. They were also asked to

3https://pupil-labs.com/products/core/
4https://play.google.com/store/apps/details?id=com.dev47apps.droidcam
5https://getsharex.com/
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(a)
(b)

Figure 2: Locations of Experiments. (a) A local natural history museum with exhibitions of specimens and fossils. Note: For
Comparative Study (sec 6), we divided the museum into two areas with equal exhibitions, as indicated in the orange line. (b) A
local park with greenery and a lake.

Figure 3: Recordings of users' natural travel exploration. Af-
ter the trip, participants can review their travel behaviors
with FPV, Gaze Trace, TPV, Timestamp, and Audio from the
user speaking and environment.

share their challenges as they attempt to use the identi�ed moments
for documentation and their vision for how future AI may assist in
such tasks. The entire procedure took approximately 60 minutes
per participant.

4.6 Data Analysis
Upon consolidating 12 transcribed interview notes with obser-
vational notes detailing user behaviors and environments (i.e.,
participant-marked recording frames, as shown in Figure 3, with
remarks, including why interesting, what behavior reveals interest,
why documentation, challenges with documentation, envisioned AI
functions), we employed a thematic analysis approach as outlined
by Braun and Clarke [12]. The details of the analysis procedure can
be found in Appendix A.

4.7 Findings
4.7.1 RQ1: What are the challenges users face when capturing and
documenting interesting moments during travel using existing tools?

Participants highlighted the signi�cant challenge of temporal pres-
sure when attempting to capture captivating moments during their
travels. For instance, P1, when recalling an unexpected encounter
with a butter�y, mentioned, �It's di�cult to capture such a transient
and unanticipated moment,� pointing to the issue of not having
enough time to take out a phone or camera in such �eeting situa-
tions.

For similar reasons, many moments that evoked strong emo-
tional responses went uncaptured and unrecorded. Participants
expressed their desire for these moments to be documented in
real-time, as they recognized that �capturing my emotions as they
occurred could have provided more vivid details and a deeper re-
play of my experience compared to solely relying on memory (P2)�.
However, the �eeting nature of these emotions made it impractical
to use their phones to record them constantly. Instead, participants
often had to depend on retrospection to document these moments.
Unfortunately, this reliance on retrospection often resulted in the
omission or forgetfulness of many of these valuable experiences
due to the natural decay of memory [44].

4.7.2 RQ2: What behavior do users have to indicate their interests
and intentions when they aim to capture and/or share specific mo-
ments during travel?Aligning with the existing literature [19, 77,
81, 86], our observations from users' free travel exploration (dura-
tion: M = 32.7 mins, SD = 4.3 mins) reveal that speci�c behaviors
such as prolonged gaze, the increased pitch of tone, and sudden
change in movement (e.g., slowing down, moving closer to target),
emotion change, facial cues, indicates users' heightened interest.
For example, �Witnessing a butter�y literally jump from one petal
to another was astonishing. I stopped walking and wished to record
it (P1)�. These behaviors are valuable indicators of what captures
users' attention and curiosity and subsequently predict the events
that users want to document.

However, it is worth noting that not all show-interest moments of
users lead to writing desire. Participants reported two primary mo-
tivations for documenting travel experiences: sharing experiences
and preserving memories, aligning with prior research [82, 83].
Thus, participants are more likely to document interesting moments
that resonate with these motivations. For instance, P8 remarked,
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�This moment [touching dinosaur skeletons] is quite engaging and
certainly worth sharing with my close friends,� while P9 stated,
�I prioritize unique moments that evoke cherished memories for
documentation.� Other moments, although attracting interest (e.g.,
viewing a local map depicting crustal evolution or �nding someone
skateboarding quickly in the park), are not considered worthy of
documentation. Among all the show-interest moments we recorded,
roughly 49.7% are regarded as worth documenting, while the re-
maining 50.3% are considered not. Notably, the participant who
focused on preserving memories without sharing needs recorded
more interesting moments (75%) than the group average (49.7%),
showing a preference for comprehensive personal logs without
judging what's interesting to others. Additionally, two re-visitors
documented interesting moments at a rate (54.3%) similar to �rst-
time visitors. Although the sample size is too small to generate
meaningful inferences, we see instances where participants' famil-
iarity with a location doesn't lessen their interest in documenting
revisiting experiences, as �I can always �nd something new and
worth recording even in the same place. (P12)�

Two Types of Interests that In�uence Writing Intentions.Interest-
ingly, we discerned that di�erent types of interest during travel
in�uenced documentation intentions. Building upon previous lit-
erature, we categorized these interests as situational and personal
[10, 69]. Situational interest refers to transient cognitive and emo-
tional shifts, often triggered by external events or surprises [69].
In contrast, personal interest represents more enduring motiva-
tions connected to individual preferences and values [69] (e.g., en-
countered personally favored audio and visual experiences during
travel).

In our study, moments driven by situational interest are more
linked with social sharing, allowing participants to share �interest-
ing surprises� with others, �travel di�ers from daily routines with
its unexpected surprises. That's the beauty of journeys (P3)�. These
sudden, unexpected events enhance content engagement, as noted
by �I'd like to share about the `ugly' turtle specimen I found, which
makes my sharing humorous (P7)�. In contrast, personal interests
are less frequently documented, mainly serving as personal recol-
lections rather than shared experiences, �I plan to keep the adorable
dog as a precious memory in my personal collection. But I have
no intention of sharing it with my friends as I have already posted
many pictures of my dogs on social media. (P2)�. Yet, these personal
interests, while in the minority (11.2%), play an indispensable role
in the narrative. They introduce embellishing elements that re�ect
the author's individuality and preferences. P2 added, �I will keep
the encounter violin practice [in the park] in sharing, as it reminded
me of practicing that same melody in my childhood. It's still such a
beautiful sound.�

Thus, considering the unique value each type of interest brings
to the documentation of travel experiences, both situational and
personal interests should be incorporated, although they may hold
di�erent weight in the �nal documentation composition.

4.7.3 RQ3: What are users' expectations and preferences regarding
the behavior and interactions of the AI assistant during travel to
facilitate in-context writing?

Proactive Travel Assistant.Participants desired an AI system
capable of understanding their preferences, identifying interesting
topics and experiences, and predicting their interests based on
past travels. One individual hoped the AI would function like �a
well-informed travel buddy (P1)�. Additionally, they appreciated
an AI engaging proactively, asking questions related to previous
experiences and encouraging them to elaborate on moments for
detailed travel blogs. As P9 expressed, �I'd appreciate it if the AI
could capture my verbal reactions to personalize my blog. When
detecting my happiness, it can ask me questions for more details.�
Another participant added, �It can ask about my past experiences.
This will make the trip more enjoyable. (P2)�

Despite the enthusiasm for an interactive AI, participants high-
lighted the necessity for the AI to maintain a non-intrusive presence,
especially during moments of immersion in travel. As outlined by
P6, �When immersed in nature's sounds in the garden, I don't wish
AI to talk to me... It should display relevant information subtly,
allowing me to act quickly without detracting from my experience.�
When asked what happens if AI fails to take the initiative to execute
desired tasks or perform wrong tasks, participants expressed the
need to regain control, using verbal commands (12/12) to gestures
(9/12) and controllers (6/12).

Auto Blog Generation with User Authenticity.Post-travel, partici-
pants envisioned AI to draft a narrative automatically, reducing the
editing workload, a major burden in limiting participants from cre-
ating such documents, �One reason I don't share [my experience]
is, it takes a lot of e�ort to create a nice blog (P11)�. Nonetheless,
users emphasized the importance of personal style, �I still prefer
to rephrase the �nal writing in my own style; it should re�ect me
(P7)�.

Our �ndings illustrate a comprehensive perspective on AI assis-
tant design, emphasizing proactive engagement while respecting
and aligning with users' preferences. To achieve this, various con-
textual cues for guiding AI interactions and content creation can
be utilized, as detailed in the next section.

4.8 Design Space of Context Information for
AI-Assisted In-Context Writing During
Travels

Considering users' challenges faced when using smartphones dur-
ing travel and their expectations for an AI assistant, we summarize
the design space for utilizing multimodal context information in
AI-assisted In-Context Writing, consisting of two parts: interaction
and content generation, as presented in Figure 4.

4.8.1 Interaction.Utilizing various contextual information can as-
sist in AI-involved interactions (i.e., the left branch in Figure 4),
making it a proactive travel companion by identifying interesting
moments to capture, asking questions, and guiding the optimal
interaction methods. For interest detection, both situational and
personal interest [77, 81] need to be discerned, as they trigger user
documentation intentions. Speci�cally, in the travel context, gaze
patterns and movement changes (e.g., approaching an entity) can
reveal both situational and personal interests [19, 77, 86]. Addition-
ally, speaking tone, gestures (e.g., interaction with physical objects),
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Figure 4: The design space describes how to utilize multimodal context information for both interaction and content generation
for in-context writing.

and facial cues can pinpoint situational interests, while detecting
environmental cues can identify personal interests, such as objects
in FPV matched preferred visual elements (e.g., animals) and audio
(e.g., music) associated with memories.

After detecting such interests, the system can automatically cap-
ture moments and leverage all the available context information
of the moment to pose questions to users if they con�rm interest.
These questions can reduce travel boredom and capture users' �eet-
ing in-the-context emotions. Furthermore, context information can
help decide the optimal time of interaction to avoid interruption.
Using gaze information, it can recognize users' engagement in pri-
mary tasks (e.g., enjoying a scenery); thus, certain AI suggestions
should be deferred until users are more receptive [5]. Such deferrals
can be aligned with transitions in activities [32], as indicated by
signi�cant changes in FPV. Additionally, the feedback modality
should be tailored to the user's engagement, such as employing
visuals when auditory stimuli dominate their experience, to prevent
sensory saturation [90].

4.8.2 Content Generation.Utilizing context information from in-
teresting moments can reduce the writing workload (i.e., the right
branch in Figure 4). Writing covers various levels of abstraction, as
suggested by various literature [22, 34], ranging from basic event
descriptions to intricate details. Contextual data associated with
these �interesting� moments can aid in crafting both the structural
and detailed elements of a narrative. Speci�cally, sensory (such as
FPV and audio), spatial, and temporal modalities (such as location
and time) can help structure the narrative, addressing the WH ques-
tions (i.e., what, when, where, who, and how) of user experiences.
Introducing more precise details into the narrative, e.g., by recog-
nizing background elements like information boards or nearby tour
guide speeches in a museum, can enrich the content and enhance
its depth. In addition to these relatively objective writing compo-
nents, participants emphasized the importance of personalizing
narratives. To achieve this, participants recommended AI capturing

in-the-moment emotional responses (e.g., expressions of astonish-
ment) and encouraging them to re�ect (e.g., by connecting with
past experiences) through elicitation questions.

5 PANDALENSSYSTEM
We introducePANDALens, a proof-of-concept system that aligns
with the design considerations highlighted by the formative study.
In this section, we �rst depict the usage scenarios ofPANDALens,
then detail the primary features of thePANDALenssystem, their un-
derlying rationale through iterative design, and its implementation.
Notably, while our current version addresses most user require-
ments, as a prototype, it has the potential for further re�nement,
especially when technologies such as OHMDs and AI become more
powerful and practical.

5.1 Usage Scenarios ofPANDALens
Consider Jane, the previously mentioned traveler, at the local natu-
ral history museum. Upon entering the museum, Jane is immedi-
ately captivated by a giant Ra�esia �ower. She moves closer to the
�ower and takes a careful look. Detecting Jane's prolonged gaze,
PANDALensautomatically takes a photo of the �ower. However, as
Jane is engrossed with the �ower,PANDALensdelays prompting
her with comment suggestions until Jane has �nished enjoying the
exhibit and moves on to the next one. When seeing the captured
photo, Jane is satis�ed and tellsPANDALensthat this is her �rst
time seeing this �ower. Analyzing Jane's comments along with the
captured image and location information (as shown inFigure 1),
PANDALensunderstands the context and then asks Jane questions
for details, �May I ask if this is a real one or just a model?� To which
Jane replies, �I suppose it should be real, as there was a `do not
touch' sign.�

As a bird lover, when Jane passes by a wall full of bird specimens,
PANDALensdetects the birds in Jane's FPV and, considering Jane's
personal interests, takes a picture and shows a `like icon' to Jane,
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indicating an invitation for comments. Jane expresses her delight
at seeing so many birds on one wall, andPANDALenssubsequently
asks what species is her favorite. However, Jane �nds something
even more interesting at that moment�a complete whale skele-
ton. Thus, she ignores the question, which gradually fades away,
and tries to �nd a good angle to take a picture. After �nding an
ideal spot, Jane uses the subtle ring interaction to capture a photo
and converses withPANDALensabout the story behind the whale
(which died from a collision with a cargo ship). After the whale
visit, when Jane goes to another exhibition and passes by the bird
area again,PANDALensavoids auto-capture and commenting sug-
gestions to avoid repeated suggestions. Later, when Jane �nds a
cute cat specimen and moves closer to it,PANDALenstakes photos
for Jane. A commenting invitation also shows up when detecting
the simulated tiger sound in the museum. Similarly, Jane continues
to enjoy the museums with herP̀ANDALenscompanion'.

After the visit, Jane asksPANDALensto generate a blog using the
ring interaction.PANDALens�rst compiles a list of recorded mo-
ments for Jane to select the highlights to include in narratives. After
Jane's selection,PANDALenscreates a travel blog detailing Jane's
experience at the museum with her re�ections and interesting mo-
ments. Although Jane appreciates narratives with details, she also
wants to share the trip on Twitter. Therefore, Jane asksPANDALens
to convert the writing into a Twitter-style by condensing the con-
tent and adding emojis. Upon receiving verbal revision requests,
PANDALensrevises and presents the content on the OHMD. Once
Jane con�rms the �nal version,PANDALensoutputs the narrative
along with the captured images to Jane's laptop, enabling her to
share it on Twitter.

5.2 Key Features of PANDALensSystem through
Iterative Design

As demonstrated in the above usage scenarios (sec 5.1), the interac-
tion �ow of PANDALensencompasses three stages: (1) Capturing of
Interested Moments: Using a mixed-initiative interface that seam-
lessly merges AI-driven and human-initiated actions. (2) Context-
Related Questions Generation:PANDALenspresents context-related
queries by leveraging the multimodal information extracted from
the captured moments. (3) Final Narratives Generation: After travel,
PANDALenso�ers users the autonomy to select their favored cap-
tured moments. It then generates a draft document and enables
revisions according to the user's preferences. In the following, we
will introduce the functions of three major components in theFinal
System. We will then elucidate how each component was re�ned
through a one-round iterative design process.

5.2.1 Participants.Eight users (P1-P8) from the university were
involved in the iterative design to test ourInitial Systemand give
feedback. We sought a varied participant group for comprehensive
insights. Three regularly posted travel stories online, while �ve
rarely did, �nding editing too labor-intensive. Besides, the partici-
pant group comprised a UI designer and two HCI researchers.

5.2.2 Mixed Initiation for Moment Capture: AI Initiation.We incor-
porated a set of modalities tailored for travel scenarios from our
formative study (sec 4.8) as a proof of concept to detect users' situa-
tional and personal interests [69, 74]. We also designed strategies to

mitigate false positive suggestions and information overwhelming
from the AI assistant.

Multimodal Analyzer for User Interest Detection.The system pro-
cesses various modalities in real-time and concurrently to detect
the two types of interests. To identify situational interests, the
system recognizes positive sentiments, including joy and surprise,
in user verbal expressions, given travelers mainly report positive
experiences in travel blogs [18].

For personal interest detection, the system monitors two types
of context information from the environment that match user pref-
erences, objects within the FPV and background audio, to discern
visual and auditory preferences. To quickly assess user visual and
auditory preferences from a wide range of categories, we ask LLM
to �Create an interactive questionnaire to narrow down two lists
related to interest detection for the COCO dataset and MediaPipe
Audio classi�cation, based on the user's travel preferences.� Based
on users' answers, the LLM consequently formulates two lists of
potential options, allowing users to narrow down their choices
further.

Additionally, two triggers are utilized to detect both situational
and personal interest, with optimization based on our pilot test-
ing results. The �rst, Gaze Fixation, is detected when eyes remain
focused on a small area, deviating no more than 4.91 degrees for
at least 1 second. The second trigger, named �Zoom-In�, activates
when users approach an object closely while looking at it. This
intent is identi�ed by the target object size increases by 10% in two
consecutive FPV frames.

Interaction Design.As depicted in Figure 5 (AI Initiative-Detect
Interest), the AI suggests moment capture upon detecting user inter-
est. Users can con�rm such interest by verbally commenting, which
triggers the system to auto-record. To overcome the uncertainty
in AI decisions, we follow the mixed-initiative guidelines [4, 33].
If the user ignores the suggestion, it gradually vanishes, or users
can dismiss it manually (by pressing the center button on the ring
mouse).

Moreover, to mitigate distraction from AI suggestions, we adopted
the following designs: (1) We utilized the principles of �matching
attentional draw with utility� [ 29, 90] for noti�cations. For instance,
audio noti�cations attract more attention [27]. Thus, initial invi-
tations of moment commenting are only conveyed through sub-
tle visual feedback (e.g., icons [17, 41]), and audio noti�cations
are only enabled after con�rming the user's interest. (2) To fa-
cilitate user concentration on primary activities while still being
subtly aware of digital alerts, we situated the visual noti�cations
within peripheral vision [17, 40]. Additionally, we employed higher
inter-line text spacing [96] to enhance the text readability during
mobility, as shown in Figure 1 and Figure 5. (3) To prevent users
from being bombarded with noti�cations, we limit the frequency
of sending the same type of noti�cation. Speci�cally, we set a min-
imum interval for the same type of suggestions within a similar
FPV (C�A4B�>;3= 10B4_C�A4B�>;3¹15Bº ¸ ¹ �%+_B8<8;0A8C~º2 �
C�A4B�>;3_5 02C>A¹200Bº). (4) To ensure users remain engaged in
the present experience, certain noti�cations are deferred [5] to less
interesting moments. For instance, gaze �xation-based suggestions
are deferred until a transition [32] during the trip.
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Figure 5: Interaction �ow of PANDALenssystem. It includes both AI-initiative and Human-Initiative interactions. The ring
mouse for human-controlled interaction is also shown (yellow dots presenting button clicks). Note: Icons are re-scaled to make
the �gure clear.

Iterative Design.There is no di�erence in interest detection trig-
gers between theInitial Systemand theFinal System. However,
after detecting potential interest, theInitial Systemprompts both
visual (e.g., photo) and audio noti�cations (e.g., saying, �Do you
have any comments?�) to users. Participants (P1, P2, P3) found this
sometimes distracting, particularly when context analysis models
generated false-positive errors. Thus, we adopted the �matching
attentional draw with utility� principle (omit audio feedback for
commenting invitations) and limited the frequency of similar noti-
�cations to minimize distraction from AI suggestions.

5.2.3 Mixed Initiation for Moment Capture: Human Initiation.We
incorporate human initiation using subtle ring interaction [17, 72]
to complement AI initiation, especially when AI might not detect
user interest. Adopting the attention-maintaining interface design
of ParaGlassMenu[17], our design enables users to remain engaged
in their travel activities while leveraging their peripheral vision
for menu manipulation. By default, the menu is hidden to reduce
disruptions. As illustrated in Figure 5 (Human Initiative-Menu),
users can activate the menu by pressing the center button on the
ring mouse. Following natural spatial mapping guidelines [58] to
minimize cognitive e�ort, users can utilize the up, down, and right
buttons to generate �nal writing, take photos, or record voice com-
ments, respectively. Moreover, pro�cient users can snap photos
directly via the ring mouse's down button as a shortcut, bypassing
menu activation. Options for photo retakes are provided, enabling
re�ning captures. Once a photo is taken, the system displays a
noti�cation consisting of an image and comment invitation. Mir-
roring the AI initiation process (sec 5.2.2), the system anticipates
user voice commenting, and fades the noti�cation if left unattended
after 8 seconds.

Iterative Design.Two di�erences exist between theInitial Sys-
temand theFinal Systemregarding human initiation. First, the
Initial Systemrequired prior activation for any action, deemed cum-
bersome by users (P4, P5, P6). Thus, theFinal Systemintroduced
shortcuts for photo-taking, bypassing menu activation. Second, the
Initial Systemdid not support capturing new moments while pro-
cessing previous requests, causing missed �eeting moments (P3,
P6). TheFinal Systemthus allows photo-taking during processing
and adds them to a pending list for later commenting.

5.2.4 Processing of Interested Moments.Upon user con�rmation
of interesting moments via comments,PANDALenstranscribes the
user's voice into text. As shown in Figure 6 (Contextual Informa-
tion), these transcriptions are then sent to the LLM, enriched with
additional contextual modalities in textual formats using various AI
models (detailed in Table 1), including image descriptions, identi�ed
objects' labels with con�dence scores, text recognized from images
(OCR), and information about time, location, and background audio
category. This facilitates 1) presenting context-relevant questions
to users for inspiration and 2) creating a concise moment summary
that eventually contributes to the �nal narratives.

Context-Related Questions for Inspiration.Leveraging the afore-
mentioned multimodal context, the LLM employs a prede�ned
prompt to pose context-speci�c questions tailored to the user's
preferred style (e.g., `direct and speci�c to the current moment,'
`question links to memories,' etc.). User preferences regarding ques-
tion formats are pre-con�gured (Figure 6-green highlighted parts)
and summarized by another LLM model, which �rst queries users
for their preferred style and o�ers several examples for decision
support when user preferences are unclear (e.g., one of the question
style examples provided by the LLM is:Speci�c and Detailed: �Can
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