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Figure 1: Laparoscopic training scenario without (left) and with (right) AR-based ergonomic notifications.
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Abstract
Laparoscopic surgery is a physically demanding task that can lead
to ergonomic strain.While notification-based approaches have been
used to support ergonomics in other domains, their application in
laparoscopic surgery remains limited. Therefore, an augmented re-
ality (AR) notification concept was implemented using lightweight
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optical see-through AR glasses, examining their suitability for la-
paroscopic training. A pilot study with ten surgeons was conducted
using a laparoscopic simulator, where participants performed a
stitching and knot-tying task with and without AR-based notifica-
tions. All participants were able to complete the tasks while wearing
the AR glasses. While task completion times were longer in the AR
condition, no conclusive differences in perceived workload were
observed. User experience and wearing comfort were rated posi-
tively, whereas the notifications were perceived as useful but not
consistently effective. The findings suggest that lightweight AR
glasses are a feasible platform for ergonomic feedback in laparo-
scopic training and motivate further investigation.

CCS Concepts
• Human-centered computing → Mixed / augmented reality;
User studies.
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1 Introduction & Background
Laparoscopic surgery is a physically demanding task requiring
sustained precision and constrained postures. Surgeons frequently
adopt static or non-neutral body positions, particularly involving
the neck, shoulders, and upper body, which are associated with mus-
culoskeletal strain. Accordingly, ergonomics is a well-recognized
concern in laparoscopic surgery, with studies reporting a high
prevalence of work-related musculoskeletal symptoms [2]. Beyond
surgery, prior work has demonstrated that providing feedback can
improve ergonomics across a range of tasks, including computer
work [1, 3, 21], care activities [4, 9, 17, 28], and industrial work-
flows [25, 27]. Across these contexts, feedback has been shown to
improve posture quality [3, 10, 37], reduce time spent in non-neutral
postures [26, 27], and decrease postural stress [1]. Most existing
ergonomic feedback systems rely on vibrotactile or auditory cues,
but visual feedback has also been explored as an alternative [24].
Across multiple contexts, visual feedback was found to be effec-
tive and often perceived as less disruptive and more intuitive than
vibrotactile feedback [11, 18, 35]. Visual ergonomic feedback has
been implemented using posture visualizations, risk highlighting,
and desktop-based pop-up notifications [19, 36, 37].

Augmented reality (AR) offers a means to present visual feedback
and notifications directly within the user’s field of view. Prior work
on notification modalities in AR suggests that visual notifications
are effective and well perceived, offering advantages in ease of use,
perceived performance, and quality of experience, as well as im-
proved posture-related outcomes [18, 31]. At the same time, the
effectiveness of AR notifications depends on their spatial presen-
tation, with placement influencing noticeability, comprehension,

perceived workload, and user preference [7, 22, 29, 33]. In laparo-
scopic surgery, AR may be particularly beneficial for delivering
feedback, as surgeons already operate under high cognitive load
and continuous visual demand. Prior work indicates that visual
feedback in laparoscopy can improve information perception and
be perceived as less disruptive than vibrotactile or multimodal feed-
back [13, 14]. More broadly, AR has been applied in laparoscopy
to support the acquisition of desired behaviors, including access
to preoperative imaging, ergonomic assistance, depth perception,
and instrument motion analysis [6]. However, while systems exist
to measure operator posture during laparoscopic procedures [5],
AR-based approaches to ergonomic improvement have largely fo-
cused on optimizing the work environment rather than directly
supporting the operator’s posture. For instance, placing the laparo-
scopic image within the surgeon’s line of sight has been shown to
reduce neck strain and perceived workload [23, 39]. AR guidance
has been used to reduce unnecessary movements by directing visual
attention within the surgical scene [12]. Direct, posture-oriented
feedback to the surgeon remains comparatively underexplored.

In this work, we explore the use of AR-based visual notifica-
tions to provide posture-related ergonomic feedback during laparo-
scopic training using a lightweight, optical see-through (OST) AR
head-mounted display (HMD). Unlike prior approaches relying on
monitors or bulky HMDs, our focus is on assessing whether a slim,
glasses-like form factor can feasibly deliver ergonomic feedback
without introducing additional physical burden.

Specifically, we address the following research questions: RQ1:
Is it feasible to use lightweight OST AR glasses during laparoscopic
training without substantially increasing perceived workload or
preventing task completion? RQ2: How does the presence of AR-
based ergonomic notifications affect task performance and per-
ceived workload compared to a standard condition? RQ3: How are
the AR system and the ergonomic notifications perceived in terms
of usability, comfort, and usefulness?

To investigate these questions, we designed and evaluated a set of
brief, visually integrated notifications intended to raise awareness
of non-neutral head and body postures without interrupting the
surgical task. An exploratory within-subject study using a laparo-
scopic simulator was conducted to assess feasibility, performance
implications, and subjective perception. The results provide initial
insights into the suitability of lightweight AR glasses for ergonomic
support in laparoscopy and identify future challenges.

2 Materials & Methods
2.1 Apparatus
The XREAL Air 2 Ultra was selected as the AR HMD (XREAL,
China). Prior AR-based approaches in laparoscopy have relied on
HMDs with a substantially larger form factor, such as the Microsoft
HoloLens [12]. Such devices may be less suitable for prolonged use
in ergonomically sensitive tasks [15]. In contrast, the XREAL Air 2
Ultra provides stereoscopic visualization and 6 degrees of freedom
(DoF) tracking in a lightweight form factor, allowing AR content to
be presented without replacing the primary laparoscopic display
or adding considerable physical load. The AR application was exe-
cuted on an external Android-based compute unit connected to the
HMD (XREAL Beam Pro, XREAL, China). An external depth camera
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Figure 2: AR-based ergonomic notifications. Notifications a,
c and d were triggered by automatic detections of headset
movements. All others were time-based. Only notifications
a-c were included in the experiment.

was used to record upper-body joint positions (Microsoft Kinect
v1, Microsoft, USA). Data recorded with the Kinect were not used
to trigger notifications and were not included in the quantitative
analysis. The AR system was implemented using Unity (version
6000.0.47f1). The application utilized the HMD’s built-in 6DoF track-
ing to obtain the user’s head pose. To spatially align AR content
with the laparoscopic display, marker-based tracking provided by
the XREAL SDK was employed. A printed marker placed near the
simulator screen was detected once at the beginning of each ses-
sion to establish the screen’s position relative to the user. After this
initialization step, the marker was removed and notifications were
rendered at fixed positions relative to the screen.

2.2 AR Notifications
The AR notification system was co-designed in close interdisci-
plinary collaboration between computer scientists and practicing
surgeons (co-authors of this work). Clinical experts contributed
domain knowledge regarding typical ergonomic strain patterns, ac-
ceptable visual distraction levels, and realistic workflow constraints
in laparoscopic training. Their input directly informed the selection
of posture-related notification types, threshold definitions for head
movement, and wording and iconography of the prompts. Follow-
ingly, notifications combined simple iconography with short textual
prompts [16] and were intended to be noticeable without interrupt-
ing task execution. Seven types of notifications were defined. Three
of these were sensing-based and relied on head-pose information
obtained from the HMD. The others were triggered based on time
intervals. All notifications are shown in Figure 2. Natural Position
(a) encouraged an upright, neutral posture with relaxed shoulders
and was triggered when the user’s head position moved outside a
25 cm × 25 cm × 25 cm volume around a neutral reference position.
Relax Shoulders (b) served as a periodic reminder to briefly relax
shoulder tension. It was triggered every 60 s to ensure repeated ex-
posure within the limited session duration. For future applications,
longer time periods should be considered. Two head-orientation
notifications addressed neck posture: Head Tilt Sideways (c) was
triggered when lateral head tilt exceeded 17.5◦, and Head Tilt Down-
wards (d) was triggered when vertical head tilt exceeded predefined
thresholds. Both notifications encouraged an upright head position
to reduce potential neck strain. Relax Eyes (e) aimed to mitigate
visual strain by encouraging brief gaze breaks or eye closure and

was intended to appear infrequently over longer periods. Break
(f) was designed as a rare reminder for extended pauses during
prolonged activity. Time (g) provided information about elapsed
task time and could be enabled as needed. To minimize cognitive
load in this initial evaluation and due to limited simulator time, only
notifications (a)–(c) were active during the study. This decision was
based on suitability to the chosen simulator task.

All notifications were displayed using a consistent visual design.
Messages were presented on a dark background with white text
and icons, using a billboard size of 30 𝑐𝑚 × 6 𝑐𝑚 and a font size of
30 to ensure readability. This design choice was informed by prior
findings indicating that dark backgrounds with high-contrast text
are suitable for indoor AR applications across devices and environ-
ments [8]. Notifications were world-stabilized and positioned below
the laparoscopic display at the bottom center, as prior work has
found bottom placement to be desirable [7, 22] and has suggested
advantages of body- or world-anchored feedback over notifications
anchored within the HMD display [20, 29]. In addition to visual
cues, a short auditory signal was played when a notification ap-
peared to support detection without requiring continuous visual
attention. Notifications were blended in over 0.25 s and blended
out over 0.25 s, and automatically disappeared after 4.5 s. When
multiple notifications were present, they were vertically stacked,
with the most recent notification displayed at the top.

2.3 Task and Simulator
The study was conducted using a commercial laparoscopic simula-
tor (LapSim, Surgical Science, Sweden). Participants completed the
Stitch & Surgeon’s Knot lesson from the Suturing and Anastomosis
module. The simulator provides a virtual surgical environment with
integrated haptic feedback through laparoscopic instrument con-
trollers. The task was performed on a virtual skin pad. At the start
of each trial, two target positions were marked on it. Participants
were instructed to insert a curved needle with an attached suture
thread into the first marked position. Upon successful insertion,
the target changed color. The needle then had to exit through the
second marked position, which similarly changed color when suc-
cessfully reached. After pulling the needle through the puncture
site, participants were required to tie a laparoscopic surgeon’s knot,
followed by a second knot in the opposite direction to secure the
suture.

2.4 Participants
Ten surgeons (7 female, 3 male) participated in the pilot study.
Participants had a median age of 35. Nine participants were right-
handed. Professional qualification ranged from first-year residents
to specialist physicians, with seven participants holding specialist
qualifications. Prior experience with virtual simulators and laparo-
scopic knot tying was assessed on five-point Likert items ranging
from 1 (very low) to 5 (very high). Median self-reported experience
was 2 for virtual reality and 2.5 for knot tying.

2.5 Study Design and Measures
The study followed a within-subjects design. Each participant com-
pleted the task in two conditions: the AR condition with ergonomic
notifications and a standard condition without AR support. The
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order of conditions was alternated across participants. Task perfor-
mance was recorded using the metrics provided by the laparoscopic
simulator. For each condition, we collected task completion time and
the simulator’s overall performance score. The performance score
is a composite metric calculated by the system and incorporates
multiple task-related parameters, including instrument path length,
angular movement, error events, and task completion time. Because
completion time contributes to the composite score, the two mea-
sures are not independent. We therefore report both metrics sepa-
rately for transparency and interpret the overall performance score
with caution, acknowledging that differences in completion time
may partially drive differences in the composite performance mea-
sure. Perceived workload was assessed for both conditions using the
Surgery Task Load Index (SURG-TLX) [38], which measures mul-
tiple dimensions of surgical workload, including mental demand,
physical demand, temporal demand, task complexity, situational
stress, and distractions. Participants additionally completed the
short version of the User Experience Questionnaire (UEQ) to assess
pragmatic and hedonic quality of the AR system [34]. Furthermore,
a set of custom AR-specific questionnaire items was administered
to capture perceptions related to the AR system and the ergonomic
notifications. These items addressed wearing comfort, perceived
restriction of the field of view, perceived brightness restrictions,
perceived usefulness of the notifications, and self-reported effec-
tiveness regarding compliance with the provided instructions. All
custom questionnaire items used five-point Likert items. For analy-
sis and visualization, responses were mapped to a symmetric scale
ranging from −2 (strong disagreement / rejection) to +2 (strong
agreement / approval), with positive values consistently indicating
more favorable evaluations.

2.6 Procedure
No formal institutional review board approval was required accord-
ing to local institutional guidelines, as the study involved simulator-
based tasks with professional participants and no patient data. Nev-
ertheless, the study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki. As such, upon
arrival, participants were informed about the study procedure, and
written informed consentwas obtained. All datawas handled anony-
mously. Participants then received a brief introduction to the AR
prototype and an explanation of the laparoscopic simulation. The
AR system was set up by a technical experimenter before being
handed to the participant. Participants then performed the suturing
task once for both conditions in alternating order. After each trial,
they filled out the corresponding questionnaires. After completing
both conditions, participants were given the opportunity to pro-
vide comments. Two experimenters were present throughout the
study: one with clinical expertise to provide guidance related to
the laparoscopic task and one responsible for technical setup and
support of the AR system.

3 Results
No inferential statistics were performed due to the small number of
subjects. Instead, the data were evaluated descriptively. Regarding
performance, mean completion time was 438.63±229.60 s in the AR
condition and 209.99 ± 93.40 s in the standard condition. Individual

differences were observed, but the trend toward longer task dura-
tions with AR was consistent across most participants. Similarly,
overall performance scores were lower in the AR condition than
in the standard condition. Mean scores were 38.44 ± 38.08 in the
AR condition and 78.00 ± 18.24 in the standard condition. This
pattern suggests reduced task efficiency when the AR HMD was
worn. Given the small sample size and the pilot nature of the study,
these differences should be interpreted with caution. Participants
varied in their prior experience with laparoscopic simulation, and
several reported limited familiarity with the simulator itself, which
may have influenced performance outcomes. In general, the first
performed trial also reliably showed worse performance, indicating
strong learning effects.

Average SURG-TLX scores were comparable between conditions,
with a mean of 47.70± 18.86 for the AR condition and 41.70± 17.90
for the standard condition. Across individual SURG-TLX subscales,
no consistent pattern of increased workload attributable to the AR
condition was observed (see Figure 3 top). Both pragmatic and hedo-
nic quality scores of the UEQ were generally positive, with median
ratings above the neutral midpoint. This suggests acceptable but im-
provable UX (see Figure 3 bottom left). Custom questionnaire items
further indicated that participants rated wearing comfort, field of
view, and brightness of the AR system positively (see Figure 3 bot-
tom right). Perceived usefulness of the notifications showed mixed
responses, with ratings spanning the full scale. Self-reported com-
pliance with the notifications was similarly varied, indicating that
while participants noticed and understood the notifications, they
did not consistently act upon them during task execution.

In unstructured post-study feedback, experienced surgeons re-
ported mixed reactions to the ergonomic notifications. Several
noted that they already perform posture corrections automatically
and therefore chose not to comply with some notifications, while
others described the reminders as helpful for increasing ergonomic
awareness. The bottom-centered placement of notifications was
generally perceived as unobtrusive, but in some cases resulted in
notifications being noticed acoustically rather than visually. Feed-
back on the AR glasses was largely positive: participants reported
that the device was comfortable, not perceived as heavy, and com-
patible with prescription glasses, although minor adjustments were
required in one case to secure the fit. Comments on the simulator
highlighted limitations in haptic feedback and procedural realism,
particularly among more experienced participants, suggesting that
simulator fidelity may influence both task performance and per-
ceived relevance of ergonomic feedback.

4 Discussion and Conclusion
This work presents an exploratory investigation of ergonomic noti-
fications delivered via lightweight OST AR glasses in laparoscopic
simulator training. Our findings indicate that such devices can
be worn during a demanding surgical task without substantially
increasing perceived workload, and that participants were gener-
ally able to complete the procedure while using the AR system.
Subjective feedback further suggests that the glasses themselves
were usable and comfortable, supporting the feasibility of the tested
HMD as a platform for ergonomic support. These findings directly
address RQ1, indicating that lightweight OST AR glasses can be
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Figure 3: Subjective evaluation results. Top: SURG-TLX overall score and subscales comparing AR and standard conditions.
Bottom left: UEQ subscale scores. Bottom right: Post-interview question ratings.

used during laparoscopic training without substantially increasing
perceived workload or preventing task completion.

At the same time, task performance was lower in the AR con-
dition, and this study could not demonstrate that the notifications
were effective in improving ergonomics. In relation to RQ2, these
findings suggest that although AR-based notifications did not in-
crease perceived workload, their integration into the task may have
introduced additional interaction or attentional demands that af-
fected efficiency. Notably, the observed increase in completion time
represents a substantial performance difference that would consti-
tute a serious barrier in real surgical settings. Several factors may
have contributed to this effect. Participants were unfamiliar with
the AR device, and the additional visual layer may have required
adaptation time. In addition, repeated notifications could have led
to momentary attentional shifts particularly in a visually demand-
ing task. Moreover, even though the visualization was described as
unobtrusive, partial visual occlusion or increased visual complexity
cannot be excluded. Future studies should therefore systematically
investigate adaptation effects, notification frequency, and alterna-
tive placement strategies to disentangle performance costs from
training and novelty effects.

Notification impact was assessed only through self-reported use-
fulness and compliance, which yielded mixed responses. Several
experienced surgeons reported that they already self-correct pos-
ture and therefore chose not to follow the prompts, while others
described the reminders as helpful. This indicates that the perceived
value of ergonomic notifications may depend strongly on user ex-
pertise and task context, addressing RQ3 by showing that while
the system was generally perceived as usable and comfortable, the
practical usefulness of the notifications varied across participants
and situations. Consistent with findings from longer-term studies
of notifications on smartglasses [30], notifications were noticeable
but could still be deprioritized when users were highly engaged in
a primary task. Additionally, although the visualization placement
was described as unobtrusive, some participants reported relying
more on the audio cues, suggesting that the visual cue may not have

been sufficiently visible. Therefore, future work could investigate
alternative feedback placements, such as anchoring feedback to the
body rather than the environment [20, 32], or directly integrating
feedback into the laparoscopic display.

Exploratory posture logging using a Microsoft Kinect was con-
ducted to assess whether objective behavioral responses to noti-
fications could be captured in this setting. In practice, the close
proximity of the simulator and frequent occlusions led to miss-
ing or unreliable tracking data, limiting the interpretability of the
recordings. Moreover, strong task engagement further reduced ob-
servable posture changes that could be meaningfully attributed to
notifications. While isolated instances suggested potential value in
combining AR notifications with external posture sensing, these
findings primarily highlight the challenges of measuring ergonomic
effects in realistic laparoscopic training setups.

Overall, the contribution of this work lies in demonstrating the
feasibility of lightweight OST AR glasses for delivering ergonomic
notifications in laparoscopic training and in identifying practical
and methodological challenges related to notification design, per-
formance trade-offs, and posture measurement. This study provides
a foundation for future work with larger samples, improved sensing
setups, and study designs tailored to specific expertise levels.
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