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Figure 1: Participants exploring exhibits using the ring camera with body movements. (a) For wall-mounted exhibits, the
participant keeps distance from the exhibit while using the right hand as an anchor. (b) For horizontally placed exhibits, the
participant uses the right hand as an anchor to maintain balance. (c) For horizontally placed wide exhibits, the participant
engages the whole body in exploration.

Abstract

Blind and low vision (BLV) users rely on touch to build spatial
understanding of the physical world. However, much information
cannot be accessed through touch alone. Camera-based assistive
systems help bridge this gap, yet how BLV users coordinate their
hands and bodies across tactile and non-tactile media remains un-
clear. We investigate the spatial interaction strategies that BLV users
employ when accessing information through a finger-worn ring
camera. Eleven BLV participants accessed four media that varied in
tactile cues through a Wizard-of-Oz system, which delivered infor-
mation audibly at multiple granularities. Participants consistently
used one hand as an anchor while adjusting the camera-wearing
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hand three-dimensionally, with the anchor serving as both a spatial
reference and a postural support. Retrieval spanned scales from
torso-level framing to fingertip-level calibration, yet intermediate-
range capture remained particularly challenging. We discuss design
implications for ring camera-based systems that support BLV users’
spatial interaction with diverse media.
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20 pages. https://doi.org/10.1145/3797867.3828989 when BLV users access information through a ring camera
across media that di er in the availability of tactile cues?
RQ2: How do these movements and postures correspond
to the types of information obtained and the outcomes of
information access?

1 Introduction To investigate these strategies, we used museum exhibits as a
For blind and low vision (BLV) users, touch plays a central role in  concrete setting where information is distributed across diverse
perceiving shape and layout, supporting content understandingand - media with varying tactile a ordances, requiring active bodily ex-
spatial awareness34, 37). Re ecting this, Human-Computer Inter-  pjoration [2, 33. This allowed us to observe how BLV users adapted
action (HCI) research has developed a wide range of tactile repre- theijr hand and body movements across media types within a single
sentations, including 2D tactile graphic&2, 24, 3D models £3 39, environment. We conducted a user study where eleven BLV partic-
and interactive 3D models augmented with audio feedbatX #6, ipants accessed physical media using a ring camera paired with a
all of which are designed so that BLV users can access information wizard-of-Oz audio system (Figure 1 (a) (c)). The study included
through touch. Beyond the representations themselves, prior work  four media conditions spanning a gradient of tactile availability: (1)
has also examined how BLV users engage with them. For example, g tactile-rich display combining a 2.5D object with an adjacent text
on large tactile surfaces, one hand is placed as an anchor while the panel, (2) a wall-mounted panel with text only, (3) a wall-mounted

other explores 20, in 2D tactile graphics, both hands are used in  panel with subtle tactile cues, and (4) a printed catalog placed on a
coordinated simultaneous tracin@f, and broader classi cation is horizontal surface (Figure 3 (a) (d)).

followed by ner identi cation in a staged manner [S0]. Our analysis revealed a consistent bodily pattern in BLV users'
However, much of the information BLV users need lies beyond  jnformation-access behavior (RQ1). Users placed one hand on the
touch, including wall-mounted signs and printed documents} medium as an anchor while adjusting the camera hand three di-

Camera-based assistive systems have therefore been widely used tomensijonally, and this structure emerged across all media regardless
access such non-tactile information. Smartphone applications such of the availability of tactile cues. The anchoring hand served two
as SeeingAl3g and WorldScribe §] provide scene descriptions  distinct roles, as a spatial reference that indicated where each piece
based on the camera view, enabling BLV users to access visualof text was located, and as a postural support that stabilized camera
information. These systems, however, require users to pause their grientation and body balance. These bodily strategies corresponded
hand movements to capture an image, making them dicult to o dj erent granularities of information retrieval, with broad fram-
use concurrently with exploration 6. Head-worn smart glasses  ing that mobilized the arm and torso for capturing overall layout,
have been explored as a hands-free alternat®@ B1]. Despite this and ne-grained adjustments at the ngertip for reading detailed
advantage, their eye-level viewpoint is poorly suited to examining  text (RQ2). The success of information access, however, depended
objects being explored by hand and may resultin unnatural postures  on whether the anchoring hand could ful Il its spatial-reference
as users orient their heads toward the target [56]. role: when the medium lacked tactile cues, the anchoring hand
To bring the camera'’s viewpoint closer to the user's hand, nger-  functioned only as postural support, and participants had to rely

worn ring cameras have been proposed, which combine a camera on memory during exploration, leading to increased cognitive load
with audio feedback to support information access through pointing  and notably more di cult access.

at or tracing targets with the nger [L7, 41, 52 55. These studies Our contributions are as follows:
have positioned the ring camera as a device for reading text at the
ngertip. In our previous work, we observed BLV users explor-
ing tactile-rich 3D media with a ring camer&bf. Compared with
smartphones, the ring camera supported smoother two-handed ex-
ploration, with one hand often serving as an anchor while the other
explored. However, it remains unclear whether these anchoring and
hand-body coordination strategies extend to interactions without
reliable tactile reference points.

This gap has important implications for the design of ring camera-
based systems. Research on bodily perception has shown that the
choice of where to touch and how to move is itself part of how
information is acquired 18 27]. Building on this work, we use the 2 Related Work
same ring camera hardwar&§ as a research probe for examining . .
embodied information-access strategies across public information 2-1 Embodied Exploration by BLV People
media, which we de ne as physical materials presenting printed Information access for BLV users can be understood not as a pas-
text, tactile features, or both. sive act of receiving information by ear, but as an active explo-

Based on this perspective, we investigate what bodily strategies ration mediated through the motion of the hands and ngers. This
BLV users employ when accessing information with a ring camera view is grounded in Gibson's characterization of touch as an ac-
to inform the design of future ring camera-based systems and their tive sense 1§, and in Lederman et al's nding that people use
interactions. Speci cally, we address two research questions (RQs): stereotypical hand movements tuned to the property they seek

We systematically characterize the repertoire of hand and
body movements that BLV users employ when accessing
information through a ring camera across physical media
that di er in the availability of tactile cues.

We show that the anchoring hand functions as both a spatial
reference and postural support, acting as an organizing axis
for information access rather than a passive anchor.
Drawing on these observations, we derive design implica-
tions for ring camera-based systems that support BLV users'
bodily strategies regardless of the presence of tactile cues.
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to perceive R7. Together, these ndings make clear that haptic  through the hand experience an unnatural posture when orienting
perception is inseparable not only from what is touched but also the head toward the target [56].
from how the hand touches and moves. This view extends to assis-  Inresponse to these issues, nger-mounted cameras have brought
tive technologies for BLV users. El-Glaly et al. showed that BLV the camera viewpoint closer to the user's hansld. As an early
users can read text more e ectively by touching a touchscreé#|[ example, EyeRingdll] paired a ring-shaped camera with audio
Similarly, ImageAssist4( and ImageExplorer2g demonstrated feedback, allowing BLV users to point at a target to retrieve infor-
that touch-based image exploration conveys spatial structure that mation. Building on this approach, FingerReadér %2 enabled
textual descriptions alone cannot. Together, these studies highlight BLV users to read printed text sequentially by tracing text lines
the value of accessing visual information through bodily motion.  with a nger. HandSight [L7, 59 combined a nger-worn camera
Building on this view, studies have examined how BLV users with haptic and auditory directional guidance, re ning the coupling
coordinate their ngers and hands during exploration. On large  between nger movement and text reading. These studies focus on
touchscreens, Guerreiro et al. found that participants used one ngertip movement in text reading and target pointing.
hand as an anchor for the othefJ. In 2D tactile graphics, Zhao More recently, work has begun to extend the scope of nger-
et al. found that simultaneous two-handed tracing led to deeper worn cameras beyond text to diverse types of media. In our prior
understanding than single-handed tracin§3, while Sharma et work, we investigated tactile exploration support using a nger-
al. observed mirrored movements for symmetrical shapes and a worn camera across multiple three-dimensional objed§|[ How-

common progression from broad classi cation to ner identi - ever, that study primarily focused on directly touchable targets,
cation [60. For 3D models, guided two-handed exploration has leaving unclear how nger-worn cameras are used in contexts
similarly been shown to support deeper understanding [57]. where touchable and non-touchable media coexist. In addition,

These studies consistently show that exploration involves local much of the existing work has focused on technical aspects such
tactile perception, two-handed coordination, anchor-hand use, and as the placement of the camera and its recognition accur&s), [
structured shifts from coarse to ne inspection. However, much  and how BLV users deploy bodily strategies that mobilize not only
of the information BLV users encounter is beyond direct touch, the ngertip but also the arm and the whole body has not been
including printed text on walls, captions accompanying 3D objects, su ciently investigated.
and printed documentsId. It remains unclear whether and how Our study builds on the lineage of existing wearable camera
these strategies extend from the ngers and hands to the arms systems, but shifts the focus from technical implementation to
and whole body in such contexts. Our study addresses this gap by the observation of BLV users' bodily strategies. Through this per-
examining how bodily strategies emerge when BLV users access spective, our aim is to clarify how BLV users integrate a wearable
information through a ring camera. camera with their body during the exploration of diverse physical

media, ranging from text to three-dimensional objects.

2.2 Wearable and Camera-Based Systems for 3 User Study
BLV Users We conducted a Wizard-of-Oz (WoZ) user study with eleven BLV

Visual-assistance systems based on smartphone have been Widelypf"‘rt'?'pa.nts Who used aring camera to_ access four museum media
developed as assistive technologies through which BLV users can di ering in tactile a ordanceg. This setting er_1ab|ed us to obs:erve
access physical media. VizWig][is a system in which remote how hand and body strategies adapted to di erent forms of infor-
sighted workers answer questions about images captured by BLV mation access.
users. Commercial applications such as Seein@4) have since
integrated multiple features, including OCR, scene description, and 3.1 Ring Camera Setup
object recognition. More recently, WorldScribg]has provided live We used the same ring camera prototype as in our prior wosg[
visual descriptions that adapt to camera motion and the captured The ring camera is worn on the proximal segment of the left in-
visual content. While smartphones are widely used in the daily life  dex nger. Figure 2 shows the device and how it is worn (a) (c)
of BLV users 49, it has been repeatedly pointed out that aiming  and dimensional measurement renderings generated from its CAD
the camera at a target, and adjusting distance are di cult [10, 26]. model (d) (f). This placement on the non-dominant hand follows
As an alternative to handheld smartphones, head-worn cameras prior ndings that BLV users prefer wearing assistive devices on
have been widely explored. Commercial smart glasses such as Envi-the non-dominant hand$§. This con guration enables users to
sion Glassesl[§ and OrCam B3 attach a camera to the frame and  move their hands independently while accessing information across
provide OCR and scene description, enabling hands-free access tomedia, including those with and without tactile features.
information. In the research literature, a pedestrian detection study
showed that a head-worn camera allows users to naturally adjust 3.1.1 Device Design. The ring camera consists of a nger-worn
the eld of view by moving the head 31]. A subsequent remote us-  ring module and a wrist-mounted processing module, connected
ability study using similar smart glasses for BLV users reported that by wires. The ring module (Figure 2 (b) and (e)) weighs 6.4 g and
the captured eld of view varies substantially with bodily move- measures 28mm 284mm, with a thickness of 8.4 mm. Two
ment and the direction of sound source®. In addition, Teng et variants (16 mm and 22 mm inner diameters) accommodate di erent
al. reported that, because the viewpoint of a head-worn camera nger sizes. Its outer shell is made of anodized aluminum with a
is xed to the eye line, BLV users who typically recognize targets polycarbonate inner lining for wearing comfort.
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Figure 2: The same ring camera and CAD model from [ 58]. (a) The ring is worn on the proximal segment of the left index

nger, with the wrist module attached to the left wrist. The connected

the physical ring module. (c) Close-up of the physical wrist module.

power bank is stored in a small neck bag. (b) Close-up of
(d) CAD rendering of the ring-camera device in its worn

con guration. (e) Close-up CAD rendering of the ring module. (f) Close-up CAD rendering of the wrist module.

The wrist module (Figure 2 (c) and (f)) weighs 135 g and is se-
cured with two Velcro straps. It measures 86 mm (L)68 mm
(W) 38 mm (H). The current prototype is powered by an exter-
nal 5,000 mAh power bank (via USB-C), providing approximately
3 hours of operation, which users carry in a small pouch to avoid
restricting movement (Figure 2 (a)) . The ring module captures
images and transmits them to the wrist module, where they are
processed and streamed to a laptop computer (MacOS) via Wi-Fi.
The details of the two modules are described below.

(1) Ring module. A miniature camera captures 0.7 MP frames at
920 736 resolution (10 fps) in RAW 10-bit format, with a
focal length of 0.574 mm and elds of view of 104.7° (hori-
zontal), 91.5° (vertical), and 120.0° (diagonal).

(2) Wrist module. The wrist module includes a Zynq UltraScale+
MPSoC (XCZU5EG), wireless communication, a battery slot,
and a cooling fan. An onboard ISP converts RAW frames
into 920 736 YUV422 8-bit images, which are transmitted
to a laptop via Wi-Fi (ATWLC3000-MR110CA).

3.2 Participants
Eleven BLV participants were included in the study, as summarized

All participants reported regularly accessing information from
both textual and tactile media in their daily lives. They read printed
materials such as pamphlets, manuals, and o cial documents, typi-
cally with the support of smartphone-based assistive applications
(Table 1). All participants commonly used SeeingB§[ and also
reported using other applications such as Swift&]] and Be My
Al [3], with usage experience ranging from less than one year to
more than ve years. Participants also interacted with tactile media
such as maps, 3D models, and museum exhibits, with an average of
14.1 years of tactile exploration experience (SD = 14). Those with
later-onset visual impairment reported shorter histories of tactile
exploration and greater reliance on auditory information.

3.3 Experimental Setup

Participants interacted with the exhibits using the ring camera
introduced earlier. Two ring sizes were available to accommodate
di erent nger sizes. When needed, hypoallergenic medical tape
was used to improve stability. Audio descriptions were pre-recorded
and played through a neck-worn Bluetooth speaker (Sharp AN-SS3).

3.4 Exhibits and Materials
We used four science-related materials: three museum exhibits and

in Table 1 (six male, ve female; mean age = 43.9, SD = 16.6). Par-one museum catalog. Following prior worl6f], we selected ma-

ticipants were recruited through a national newsletter for people
with visual impairments. Five participants (P3 and P8 P11) had low
vision, and the remaining six (P1, P2, and P4 P7) were blind. All
participants were right-handed and regularly used a white cane.

terials spanning di erent tactile a ordances, from text-dominant
materials with few or no tactile cues to tactile-rich exhibits com-
bining physical features and textual descriptions. To examine the
in uence of bodily movement, we also included di erent spatial
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Years of
Visual Age of tactile Braille Type of

ID Age Gender status onset exploration literacy application used

P1 56 F Blind 0 50 Yes SeeingAl, Swift Al

P2 61 F Blind 51 2 No SeeingAl, Be My Al

P3 43 M Low vision (visual acuity: 0.2) 26 5 No SeeingAl, Swift Al

P4 22 M Blind 3 19 Yes SeeingAl

P5 50 M Blind 20 10 No SeeingAl, Be My Al

P6 23 F Blind 1 17 Yes SeeingAl, Be My Al

P7 60 M Blind 55 5 No Be My Eyes

P8 53 M Low vision (central scotoma) 43 8 No SeeingAl

P9 33 F Low vision (visual acuity: right 0.04, left 0.02) 0 23 Yes SeeingAl, shikAl, Be My Al

P10 20 M Low vision (visual acuity: right 0.02, left 0.04) 0 15 Yes Magni cation, Color inversion, SeeingAl

P11 62 F Low vision (visual acuity: 0.2) 58 1 No SeeingAl

Table 1: Details of the eleven BLV participants in the user study.
con gurations, including wall-mounted and horizontal displays. Al incomplete systemsl] 44]. In our study, a researcher acted as the
materials contained text in a primary language, and some included Wizard, providing audio descriptions and system feedback based
translations in two additional languages. on the content captured by participants' cameras. Examples of ring
Exhibit A: Fetal Development Exhibit shown in Figure 3 camera views appear in Figure 7 in Appendix. The Wizard selected

(a), presents the developmental stages of a fetus and consists ofand played appropriate audio descriptions from a pre-prepared set

two sections. The rstis a 54 cm O 54 cm wall-mounted display using a dedicated interface designed for each exhibit.

containing a 2.5D fetus model. Beneath the model, a 36 cm (W)  The Wizard triggered audio descriptions only after participants

O 6 cm (H) area presents non-embossed text descriptions in 16-reached a stable hover state over the medium, not while the camera

point font. The second is a 24 cm (W) O 19 cm (H) horizontally was moving. Internal testing kept response times below 500 ms, and

arranged display with text descriptions at the top. Below the text, our blind co-author reported no disruptive delay. This procedure

eight circular elements, each 9 cm in diameter, are arranged left to followed established WoZ guidelines for reducing human-in-the-

right, each containing the number of days in the developmental loop confounds 13. Participants were unaware of the Wizard's

stage and a 2.5D model showing the fetus's actual size at that stage.involvement and perceived all feedback as automatically generated.
Exhibit B: Nobel Prize Laureate Panel shown in Figure 3 (b),

is a wall-mounted informational panel describing the research of 3.5.1 System Output. The system provided participants with three

Nobel Prize laureate Masatoshi Koshib@he panel measures 65  types of auditory feedback.

cm (W) © 28 cm (H) and presents all information as non-embossed ~ Capture Success Chime. A short chime indicated successful

text in approximately 16-point font. capture, followed immediately by the corresponding audio descrip-
Exhibit C: Cell Structure Panel shown in Figure 3 (c), is a tion, allowing participants to relax their camera-holding posture.

wall-mounted panel explaining the structure of a cell. The panel Distance Warning. A voice message ( too far) indicated that

measures 80 cm (W) O 50 cm (H) and presents text in 80-point font, the camera was too distant from the target.

with slight embossing on both the text and the surrounding frame. ~ Camera Obstruction Alert. A beep signaled that the camera

Exhibit D: Catalog Page shown in Figure 3 (d), is a page froma  Was obstructed, prompting participants to clear the view.
science museum catalog describing ve key initiatives for shaping )
the future through science and technology. The page, A4 in size 3.5.2 Unsuccessful Capture State. When the camera did not cap-

(21 cm © 29.7 cm), is placed on a horizontal surface and presents allfUre Su cient information to trigger a prede ned description, the
information as non-embossed text in 10-point font. system produced no output. Based on feedback from a blind co-

author during WoZ protocol development, we avoided continuous
3.5 Wizard-of-Oz System corrective cues (e.g., error earcons), which could unnecessarily in-

crease cognitive load?H. The researcher intervened only when
participants appeared unable to continue, for example by prompt-
ing them to adjust the camera or informing them that no prede ned
content was in view, without revealing task-speci ¢ information.

We employed the Wizard of Oz (WoZ) methodology to elicit design
requirements for the proposed systerh]). The WoZ setup allowed
us to examine participants' exploration and interaction strategies
independently of technical factors such as recognition accuracy,
processing latency, and detection failures, rather than evaluating 3.5.3 Audio Description Structure. Depending on the captured con-
the performance of an automated visual recognition system. tent, audio descriptions were provided at three levels of granularity.
The WoZ methodology is widely adopted in interaction designre-  Qverview descriptions were provided when the camera cap-
search to experimentally evaluate user experiences with technically tyred the entire exhibit. As the broadest level in the hierarchy,
they outlined the overall theme of the exhibit and the spatial ar-
Lhttps://www.nobelprize.org/prizes/physics/2002/koshiba/facts/ rangement of its sections. While the overview enabled participants
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Figure 3: Four exhibits used in the user study. (a) Exhibit A: a two-part display combining a wall-mounted section and a
horizontal section, with tactile elements that can be felt by hand. (b) Exhibit B: a wall-mounted panel without tactile texture. (c)
Exhibit C: a wall-mounted panel with limited tactile texture. (d) Exhibit D: a horizontally placed page without tactile texture.

to grasp the overall structure, understanding the content of each
speci ¢ section required bringing the camera closer.

Section descriptions provided an overview of a speci c area
within the exhibit, such as the title, subtitle, and explanatory text
within that section. To understand the speci c content, participants
needed to bring the camera closer.

Detail descriptions were the lowest level of the hierarchy and
provided concrete content, such as individual text and illustrations.
Capturing an illustration triggered a description of its visual content,
while text caused the corresponding passage to be read aloud.

The number of descriptions prepared for each exhibit varied by
granularity level. Exhibit A included 3 Overview, 3 Section, and 18
Detail descriptions; Exhibit B included 1 Overview, 4 Section, and
15 Detail descriptions; Exhibit C included 1 Overview, 2 Section,
and 2 Detail descriptions; and Exhibit D included 1 Overview, 5
Section, and 13 Detail descriptions (Total 68 target locations).

354
tent of the audio descriptions was determined in accordance with
prior work [57]. Descriptions were limited to information explic-
itly presented in the exhibits, and no supplementary or contextual
information beyond what was visually displayed was provided.
Although the framing and coverage of captured images inevitably
varied across participants, consistency in the audio descriptions
was ensured. All audio descriptions were pre-authored for discrete
information units at the three hierarchical levels (Section 3.5.3),
and the Wizard's judgment was restricted to a binary decision
of whether a captured image contained a particular information
unit. When the same information unit was identi ed, the audio

description was played regardless of framing, ensuring uniformity
across participants. For textual content, playback always started
from the beginning of the passage, minimizing inconsistencies due
to individual di erences in capture position.

3.5.5 Participant Input. When participants wished to interrupt an
ongoing audio description, they verbally uttered stop, upon which
the Wizard ceased playback.

3.6 Task and Procedure

The entire session took approximately 2.5 hours, including sched-
uled breaks. After completing the pre-study interview on demo-
graphic background and prior experiences, participants received
training on how to operate the ring camera. During this training,
participants practiced understanding the relationship between the

Information Scope and Consistency. The information con-position of the hand and the area captured by the camera. To avoid

introducing bias, they were not informed about the types or levels
of information that would be provided by the system.

In the main task, participants explored the four exhibits described
in Section 3.4, with the presentation order counterbalanced across
participants. Each exhibit was allotted up to 20 minutes, and partic-
ipants were encouraged to use a think-aloud protocol throughout.
Before each trial, participants rsttouched the boundaries and over-
all placement of the exhibit to establish a safe starting reference
and gain an approximate sense of its spatial layout. The task for
each exhibit consisted of two phases designed to capture di erent
aspects of exploratory interaction.
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In Phase 1 (free exploration), participants explored the exhibit Based on the video analysis and the coding scheme established
using both touch and the ring camera to understand its overall con- in prior work [57, 58, we identi ed the 15 bodily action codes
tent. This phase was designed to observe spontaneous exploration shown in Table 5. Using these codes, we analyzed 748 observation
strategies and hand movement patterns without imposing specic instances collected from eleven participants. Of the 748 instances,
information goals. Each exploration lasted up to 10 minutes, and 549 contained at least one bodily action code in either stage. Be-
participants could stop earlier if they felt they had su ciently un- cause multiple codes could be assigned to a single instance, these
derstood the exhibit. After Phase 1, participants rated the perceived 549 instances yielded 734 code occurrences: 564 during camera
di culty of the exploration using the Single Ease Question (SEQ, 1 positioning and 170 during audio playback. Table 6 reports the fre-
=very di cult, 4 = neutral, 7 = very easy) [48]. guencies of the 15 codes across the four exhibits. Instances in which

In Phase 2 (goal-directed exploration), participants were participants did not raise the ring camera or were not attending to
asked to answer three questions about each exhibit. Because partic-the relevant medium were classi ed as none and excluded from
ipants had already explored the exhibit in Phase 1, this phase was the bodily action frequency counts.
not intended to measure fresh information seeking. Instead, it was Although our study consisted of two phases, we did not sepa-
designed to examine goal-directed retrieval based on knowledge rate the analysis by phase; instead, we conducted the analysis in
acquired during free exploration. Participants were instructed to the following two steps. Coding was performed independently by
re-explore the exhibit to locate and con rm information needed to  two authors, after which the other authors reviewed the coding

answer each question, even if they already knew the answer. scheme and, through discussion, nalized it. We then organized
The three questions progressively elicited di erent levels of in-  the codes into higher-level themes using a nity diagrammind].

formation acquisition, including grasping the overall content, Participants completed the SEQ after both the free-exploration and

locating section-level content, and identifying detailed infor- question phases. All interviews were transcribed, and we performed

mation (Table 7, Appendix). The order of the questions was coun- a hybrid deductive-inductive approach, following what Braun and
terbalanced across participants. This phase allowed us to examine Clarke [7] refer to as codebook thematic analysis. The resulting
how participants adapted their hand movements when retrieving themes were integrated with the results of the bodily action coding.
previously explored information at di erent levels of granularity.

After answering each question, participants answered the SEQ. 4 Results

After completing both phases for each exhibit, participants rated  Across the study, participants used the ring camera to freely explore
the usability of the ring camera on three aspects: the ease of grasp- each medium, accessing most of the system-provided information
ing the overall content, locating relevant sections, and accessing \hjle developing an understanding of its layout. They valued being
detailed information. Each item was rated on a 7-point Likert scale  gpje to independently choose what to access and retrieve complete
(1 =very dicult, 4 = neutral, 7 = very easy), as shown in Table 2. jrformation, contrasting this with prior experiences using audio

After completing the tasks, participants rated a set of 7-point Lik-  gyides, where content was often abbreviated. At the same time, they
ertitems (1 = strongly disagree, 4 = neutral, 7 = strongly agree) and encountered challenges in regulating camera distance, adapting
completed a semi-structured interview. The Likert items (Table 3) body posture, and constructing a spatial understanding of media

assessed three aspects: (1) the spatial relationship between hand potacking tactile cues. We detail these ndings below.
sition and camera coverage; (2) the appropriateness of the system's

audio feedback relative to the level of information sought; and (3) 4.1 Overview of Observed Behaviors
the extent to which participants consciously adjusted their hand
movements for di erent exploration goals. The semi-structured
interview further explored participants' exploration strategies, per-
ceived di erences across exhibits with varying tactile and spatial
properties, and views on the advantages, and potential applications
of the ring camera (Table 4). Procedures were approved by the in-
stitution's ethics committee, and participants provided informed
consent, receiving a compensation of approximately 50 USD.

Across all tasks, the mean completion times were 5.9 minutes (SD =
2.6) for Exhibit A, 5.9 minutes (SD = 1.6) for Exhibit B, 2.4 minutes
(SD = 1.2) for Exhibit C, and 7.2 minutes (SD = 1.6) for Exhibit
D. Overall, participants consistently used one hand as an anchor,
while employing additional bodily strategies tailored to the char-
acteristics of each object. Table 8, in the Appendix, reports how
often each of the bodily actions was observed per participant across
exhibits. Right-hand anchoring (RA) was observed in all partici-
pants, whereas arm movement from front to back (FTB), right-hand
3.7 Data Collection and Analysis anchoring while also contacting the lower part of the exhibit (RAB),

All sessions were video recorded, including task performance (bod- and upper-body leaning forward (UF) were rarely observed.

ily actions and think-aloud) and pre and post experiment interviews. Phase 1. Participants freely explored each exhibit and accessed
Images captured by the ring camera and the audio output provided the available information at their own pace. Capture rates varied
by the Wizard were logged and used for analysis. To analyze par- across exhibits, with the highest proportion of content accessed in
ticipants' bodily actions, we divided task activity into two steps: 1)  Exhibit D (M = 92.8%, SD = 9.5), followed by Exhibit A (M = 73.9%,
positioning the ring camera to retrieve information and 2) listening  SD = 15.3), Exhibit C (M = 69.1%, SD = 24.3), and Exhibit B (M =
while audio feedback was played. We focused on these phases, as56.8%, SD = 12.9). The horizontally placed Exhibit D was the most
they most clearly re ect interaction with the device. When par-  readily accessed, while Exhibit B, a wall-mounted text panel without
ticipants were unable to aim the camera or ceased movement, a tactile cues, proved the most challenging. Participants generally
researcher intervened without providing task-related information. found the ring camera interaction easy, with SEQ scores of M =
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Exhibit  Question P1L P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
Q1: It was easy to grasp the overall content of the6 7 5 6 6 6 7 6 6 6 7
Exhibit A €xhibit using the ring camera.
Q2: It was easy to locate a speci ¢ section of the ex5 5 6 7 5 6 7 5 6 6 7
hibit using the ring camera.
Q3: It was easy to con rm detailed content of the 5 6 5 7 7 5 6 6 6 5 7
exhibit using the ring camera.
Q4: It was easy to grasp the overall content of the5 5 7 5 6 7 5 6 7 7 7
Exhibit B €xhibit using the ring camera.
Q5: It was easy to locate a speci ¢ section of the ex2 3 4 2 3 3 5 3 5 5 5
hibit using the ring camera.

Q6: It was easy to con rm detailed content of the 3 4 5 5 4 3 3 6 5 6 5
exhibit using the ring camera.

Q7: It was easy to grasp the overall content of the5 6 6 7 5 7 7 7 7 7 7
Exhibit C  exhibit using the ring camera.

Q8: It was easy to locate a speci c section of the exb 5 6 7 7 6 5 5 7 6 7

hibit using the ring camera.

Q9: It was easy to con rm detailed content of the 5 4 5 7 6 7 6 6 7 6 7

exhibit using the ring camera.

Q10: It was easy to grasp the overall content of the6 6 7 6 6 7 6 5 7 6 7
ExhibitD €exhibit using the ring camera.

Q11: It was easy to locate a speci ¢ section of the3 3 5 4 3 3 2 5 3 5 6

exhibit using the ring camera.

Q12: It was easy to con rm detailed content of the 4 4 5 4 7 5 5 6 6 7 7

exhibit using the ring camera.

Table 2: Results of the three usability questions rated on a 7-point Likert scale (1 = very di cult, 4 = neutral, 7 = very easy),
administered after participants completed both Phase 1 (free exploration) and Phase 2 (goal-directed exploration).

No. Item P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 Median

Q1 | was able to understand the relationship between my hand5 6 6 6 6 6 6 7 6 5 7 6
position and the area captured by the camera.

Q2 Asthe session progressed, | came to understand this relatior® 6 6 7 7 7 7 7 7 7 7 7
ship more intuitively.

Q3 The audio feedback provided by the system matched the leveb 5 5 7 5 5 5 6 7 6 6 5
of information | wanted at that moment.

Q4  When trying to grasp the overall content, | had to consciously 2 3 6 5 6 5 7 2 1 3 3 3
change the way | moved my hand.

Q5 When searching for speci ¢ information, | had to consciously 7 6 6 5 5 7 5 5 7 5 7 6
change the way | moved my hand.

Q6  When searching for speci ¢ information, | had to consciously 3 3 3 1 2 2 5 3 2 3 2 3

adjust how | moved my hand.
Table 3: Results of the Likert items responses per participant, after all tasks were completed. Iltems were rated on a 7-point
scale (1 = strongly disagree, 4 = neutral, 7 = strongly agree). For Q4 Q6, higher values indicate a greater need to consciously
modify hand movements, implying that natural movements alone were insu cient for the corresponding exploration goal.

5.73 (SD = 0.90) for Exhibit A, M = 5.82 for Exhibit B, M = 6.45 for Phase 2. Participants were allowed to re-hover after each ques-

Exhibit C, and M = 5.82 for Exhibit D. tion, and Phase 1 free exploration kept the content fresh in their
memory. As a result, most participants were able to answer the ques-
tions across three information levels for all four exhibits (Table 7 in
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No. Question

Q1 Howdidyou develop your understanding of the relationship between your hand position and what the camera was capturing?
At what point did it start to feel more intuitive?

Q2 How did you change the way you moved your hand when trying to grasp the overall, section and detail content?
Q3  Were there di erences in exploration strategy or di culty between text-only panels and panels with tactile elements?
Q4  Were there di erences between horizontally placed and wall-mounted exhibits?
Q5 How did you feel about exploring exhibits using the ring camera?
Q6  Were there situations where the information returned by the system did not match what you wanted to know?
Q7 What would you like to change or add to the current system?
Q8 Compared with smartphone-based approaches, what are the advantages and disadvantages of the ring camera?
Q9 Inwhat future scenarios do you think the ring camera could be used for reading or exploring information?

Table 4: Open-ended questions used in the semi-structured interview.

Category Code Description
RA Right hand used as anchor
Anchor hand use LA Left hand used as anchor
B Both hands in contact with the medium

WH Hovering the hand on a vertical (wall-mounted) surface

Hovering posture HH Hovering the hand on a horizontal surface

C Crouching (bending the legs)

Body posture UB Upper body leaning backward
UF Upper body leaning forward

Finger action U Lifting only the index nger

Extended anchor contact RAT (F:)l(%:\bti-thand anchor also contacting the top part of the
RAB Right-hand anchor also contacting the bottom part of

the exhibit
Hand use R Only the right hand (no left-hand anchor)

TW  Turning the wrist
Arm and wrist motion BTF Arm motion from back to front
FTB Arm motion from front to back

Table 5: Coding scheme for bodily actions observed during the user study (15 codes). Actions are grouped by function.

Appendix). In particular, Exhibit A and C achieved 100% accuracy, distance, two participants (P6, P10) crouched by bending their legs
and Exhibit B was answered correctly after a few re-hovers. How- (C), two (P5, P7) leaned their upper body backward (UB), and one
ever, for Exhibit D, P1, P2 and P4 could not correctly identify the (P6) leaned forward (UF). These behaviors show that participants
alternating gure-text layout, in which the ve vertically arranged regulated camera coverage using their hands and bodies.
sections (Figure 3 (d)) placed gures on the left and text on the right For the lower section placed on a horizontal surface, four partici-
for even-numbered sections, and the reverse for odd-numbered pants (P6, P9 P11) hovered their hand above the surface (HH). Two
sections. SEQ scores remained largely stable compared with Phaseparticipants (P10, P11) used the left hand in contact with the exhibit
1 for Exhibit B (M = 5.55), Exhibit C (M = 6.18), and Exhibit D (M as an anchor (LA), while three participants (P5, P9, P10) lifted only
=5.64), while Exhibit A showed a pronounced improvement (M = the index nger to make ne adjustments to the camera position
6.73, SD = 0.65), likely re ecting the bene t of the tactile cues once (IU). When exploring the left-to-right sequence of fetal develop-
participants had built familiarity with the exhibit. ment, seven participants (P2 P4, P6 P8, P11) placed both hands
on the exhibit (B). After capturing information, they touched the
Exhibit A. Across Exhibit A, all participants used the righthand  models with both hands while listening to the audio descriptions,
as an anchor (RA) with 174 occurrences. However, di erent bodily  relating tactile and auditory information.
actions emerged for the upper and lower sections. For the upper  The ring camera was not used in 49.1% of observations involving

section, seven participants (P2, P3, P6, P7, P9 P11) hovered theirthe 2.5D fetal model because participants could understand its shape
hand in front of the wall (WH) (Figure 4 (a)). To regulate camera
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Code Overall Exhibit A ExhibitB ExhibitC Exhibit D

RA 383 174 73 17 119
LA 12 12 0 0 0
B 62 55 0 7 0
WH 55 18 21 16 0
HH 82 21 2 0 59
Cc 10 6 0 4 0
uB 6 4 0 2 0
UF 1 1 0 0 0
U 70 3 2 0 65
RAT 17 0 17 0 0
RAB 2 0 2 0 0
R 21 21 0 0 0
T™W 3 0 0 3 0
BTF 2 0 1 1 0
FTB 8 0 8 0 0
Total 734 315 126 50 243

Table 6: Frequencies of bodily action codes across all partici-
pants, reported overall and separately for each exhibit.

through direct touch, suggesting they prioritized tactile exploration
when rich tactile information was available.

Exhibit B. When accessing sections and detailed content, nine
participants (all except P8, P10) used their right hand as an anchor
(RA), accounting for 73 occurrences. Of these, 71 occurred while
positioning the camera. Participants placed their right hand on the
panel to establish their orientation and then moved the camera

hand across the panel toward the target area (Figure 4 (b) and (c)).

Four participants (P5, P6, P8, P9) extended this anchor to the
upper part of the panel (RAT), with 17 occurrences, whereas only
P5 anchored on the lower part (RAB), with two occurrences. This
preference suggests that participants generally used the upper edge
of the panel as a spatial reference, although the chosen anchor
depended on arm reach and comfort.

Participants also adopted strategies beyond right-hand anchor-
ing. Four (P2, P9 P11) hovered their hand in front of the wall-
mounted panel (WH), with 21 occurrences, while P8 hovered the
hand as if above a horizontal surface (HH) twice. P7 lifted only the
index nger bearing the ring camera (IU) twice to make ne camera
adjustments when capturing the densely arranged central content.
P11 also adjusted camera distance by moving the arm from back to
front (BTF) once and from front to back (FTB) eight times.

The translation region on the panel's right side was often aban-
doned once participants recognized it repeated the same informa-
tion in another language. Seven participants (P5 P11) deliberately
stopped exploring this region. In contrast, the densely arranged
central region, containing the laureate's name, the award history
and research description, was the most di cult region to capture
(Table 2 Q6). Six participants (P1, P2, P4, P6 P8) failed on their
initial attempt to capture this region and progressively lowered
their arm until the target content entered the camera view.

Tsutsui et al.

Exhibit C. All participants successfully identi ed the overall posi-
tion and accessed the top section. In contrast, only four participants
(P2, P6, P10, P11) accessed the bottom section (36.4%). Eight par-
ticipants (P1 P8) used their right hand as an anchor (RA), with 17
occurrences, while six (P2, P7 P11) hovered their hand in front of
the wall surface (WH), with 16 occurrences. These results indicate
that participants stabilized the camera either through direct contact
with the panel or by hovering in front of the vertical surface.

The large vertical area also required whole-body adjustments.
Four participants (P4 P6, P11) crouched once by bending their
legs (C) (Figure 5 (a)), while two (P3, P10) leaned their upper body
backward (UB) to increase the distance between the camera and
the panel (Figure 5 (b)). P6 moved the camera arm from back to
front (BTF) once when approaching the panel from a more distant
position. Two participants (P1, P10) also rotated their wrist (TW)
to adjust the camera orientation (Figure 5 (c)). We revisit this wrist
adjustment in Section 4.4. During audio playback, ve participants
(P2 P4, P7, P8) placed both hands on the panel (B), with seven
occurrences. This behavior suggests that after positioning the cam-
era, they returned both hands to the panel and related the audio
description to the tactilely distinguishable text and frame.

Exhibit D. With participants seated and the catalog placed hor-
izontally, whole body movement was minimal, and participants
instead relied on strategic nger and hand movements. During
camera positioning, six participants (P1, P4 P6, P9, P11) used their
right hand as an anchor (RA), with 119 occurrences. They generally
kept their right hand on the page's right edge as a stable reference
for the page position and camera catalog distance, while moving
the left hand toward the target content. During audio playback,
four participants (P1, P6, P9, P11) maintained their right hand as
an anchor, with 49 occurrences.

Five participants (P3, P7 P10) lifted only the index nger bearing
the ring camera (1U), with 65 occurrences (Figure 5 (a) and (b)). They
kept the other ngers on the catalog and moved the index nger
vertically, horizontally, and in depth to access the target text or
gure. This enabled ne camera adjustments through nger posture
and contact points rather than large hand or body movements.
Nine participants (all except P4, P5) hovered their hand above the
horizontal surface (HH), with 59 occurrences. P2 and P11 used this
strategy throughout the task, whereas others combined hovering
with either anchoring or isolated index nger movement.

4.2 The Hand as an Anchor to Organize Access

Across all tasks, participants consistently used one hand to place
on the medium as a reference point while moving the camera with
the other hand. This behavior has been observed in prior work on
information access by BLV user&(, yet in our study, it emerged
consistently across all media, regardless of tactile cue availability.
Although the anchoring strategy served as a single technique, its
role varied depending on the medium's characteristics. Two distinct
functions of the anchoring hand emerged:

Spatial Reference: The anchor helped participants locate
where each element was positioned within the medium, serv-
ing as a baseline for constructing the correspondence be-
tween the ring camera and retrieved information.
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