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Abstract
Background

Digital technologies increasingly shape modern society, and medical education must adapt by
incorporating innovative learning tools such as extended reality (XR). Additionally, in midwifery
education, XR simulation has shown promise for preparing students to manage obstetric emergencies.

Methodology

This study aimed to evaluate whether integrating augmented reality (AR) into a practical midwifery
course provides immersive learning experiences and affects student anxiety and self-efficacy during
high-stress clinical simulations. The AR system, called HoloMaïa, was developed for HoloLens 2 with
Unity and Mixed Reality Toolkit. It includes multiple manoeuvres, scenarios, and complications that allow
students to practice obstetric emergency management in an immersive environment.

Results

The heart rate increased during AR simulation phases compared with baseline, with specific spikes
corresponding to emergency-related cues. Despite this physiological stimulation, the AR group (B)
showed no statistically significant increase in overall anxiety compared with the control group (A). Self-
confidence levels remained stable across both groups regardless of the intervention method.
Furthermore, students showed a positive trend in technology adoption, as reflected by comfort,
perceived usefulness, and intention to use.

Conclusion

These findings suggest that AR-based training allows a more immersive learning experience without
negatively impacting student anxiety or self-confidence. This supports the integration of AR in obstetric
emergency training, and the next steps involve multicentre testing and hardware migration for long-term
scalability.

1 Introduction
As digital technologies increasingly shape modern society, younger generations are becoming more
accustomed to their integration into everyday life. Consequently, medical education must adapt by
incorporating innovative learning tools such as virtual reality (VR) and augmented reality (AR), which can
align with students’ learning preferences and enrich educational experiences [1]. In midwifery education,
evidence suggests that AR simulation may also be an effective strategy for preparing students to
manage obstetric emergencies [2].

On the other hand, the mental health of healthcare students is a major concern, as it affects their
personal quality of life, academic functioning and quality of patient care, particularly during emergencies
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[3]. While practical courses are essential for developing clinical skills, their influence on psychological
factors such as performance anxiety and self-confidence remains underexplored. Addressing these
aspects of readiness could facilitate students’ transition into clinical practice and improve their ability to
perform under pressure [4]. Given the significant role that midwives play in reducing maternal and
neonatal morbidity and mortality, providing high-quality, low-stress clinical training is essential to the
professional development of midwifery students [5].

To address this gap, we must establish whether the implementation of a new midwifery practical course
using VR and/or AR provides learning experiences and strategies that improve the course and enhance
self-efficacy in practical skills. The need for empirical validation to confirm the efficacy of the new
practical course as a pedagogical method and its potential to help manage student anxiety motivated
this research.

Specifically, this study evaluated the immersive effect of the new AR midwifery course and its correlation
with students' anxiety and self-confidence levels, providing a justification for the formal integration of AR
technology into the midwifery curriculum.

1.1 State of the Art
Extended reality (XR) includes VR, AR and mixed reality (MR). XR technologies create immersive and
interactive environments with physical and virtual elements that can complement traditional teaching
methods. Their immersive features, interactive capabilities, and accessible experiences across all levels
make them an attractive pedagogical tool that is becoming increasingly prevalent in education [6].

These technologies allow students to participate in hands-on, experimental learning activities, such as
gamified virtual laboratories [7], surgical education [8], [9], or training for high-risk careers as rescue
training [10]. They also permit experiments with complex concepts and skills that would be difficult,
expensive, or dangerous to replicate in real life. In nursing and midwifery education, studies have shown
that XR tools allow students to practice complex clinical scenarios in a safe and controlled environment,
improving their preparedness for real-life situations while reducing performance anxiety [11].

To understand the impact of XR on students, measuring psychological and physiological responses that
reflect immersion and anxiety levels is also essential. Physiological indicators such as heart rate and
heart rate variability [12], alongside self-reported anxiety scales [13], can reveal how immersive
simulations influence emotional regulation. Complementary data, such as usability feedback and
comfort, contribute to evaluating the overall educational experience. Furthermore, assessing students’
adoption of XR technology is important, as acceptance supports sustained use and the effective
implementation of XR-based learning in midwifery education [14].

On the basis of these comprehensive evaluation principles, the objective is to assess an AR-based
training system, its contribution to a more immersive learning environment, its effect on anxiety and self-
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confidence among midwifery students and its technology acceptance levels during simulated clinical
emergencies.

1.2 Research Questions
The goal of this study is to evaluate the impact of AR technologies in midwifery education on
immersive learning experiences, student anxiety levels during high-stress clinical simulations, and
technology acceptance among students. To guide this investigation, the three following research
questions were proposed:

(RQ1): Does AR-based training allow a more immersive learning environment for students?

(RQ2): How does anxiety vary with the presence of AR in practical midwifery training?

(RQ3): What is the level of adoption of the AR learning system among midwifery students following
its use?

2 Methodology

2.1 Research Design
The study followed a controlled, randomised, three-session experimental design to assess the impact of
the AR intervention. The primary evaluation focused on performance during Session 2, using Session 1
as a common baseline.

All the participants were required to experiment with both conditions: (Session 1) the standard practical
session and (Session 2) the AR intervention, as all the students were expected to complete the same
curriculum during the academic year. Therefore, a “catch-up” session (Session 3) was included for
ethical and pedagogical reasons but was excluded from the primary statistical analysis.

The students were randomly assigned to one of two sequence groups, each following a specific three-
session sequence, as presented in Table 1.

Table 1
Experimental design summary.

Group Session 1

(Baseline)

Session 2

(Primary evaluation)

Session 3

(Catch-up)

Group A

(Control)

Standard Session Standard Session AR Session

Group B

(Experimental)

Standard Session AR Session Standard Session

2.2 Scenarios and teaching content
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Midwifery training follows a progressive and comprehensive approach designed to prepare students for
the challenges of clinical practice, particularly in managing obstetrical emergencies. Before progressing
to practical sessions, students complete a theoretical course explaining shoulder dystocia birth
complications and the necessary management procedures. The standard shoulder dystocia practical
course consists of an emergency gesture simulation using a low-fidelity birthing manikin (bottom half of
the mother and a baby). In this simulation, the teacher initiates the birth, and the student is required to
perform the necessary manoeuvres, as shown in Fig. 1.

In contrast, the AR practical course (see Fig. 2) also includes the birthing manikin but introduces
scenario variability and immersive elements, such as delivery room sounds, social interaction or visual
indicators. These digital elements are designed to bridge the gap between static manikin gesture
simulation practices and the reality of a live clinical environment.

2.3 Materials
The hardware materials used in this study included devices and tools essential for implementing and
monitoring mixed reality simulations and physiological data collection.

Microsoft HoloLens 2 headset: creates an immersive learning environment that includes real-world
elements, such as the student’s hands or the mannequin, with interactive digital components, such
as the baby’s heart rate (HR) [15].

Polar H9 sensors: To monitor the participants’ HR throughout the experimental (AR) session [16].

The software materials included applications and platforms used for designing the AR experience,
managing data collection, and analysing participant performance and responses.

HoloMaïa program: This program was developed with Unity, a cross-platform game engine widely
used for real-time 3D applications, in combination with the Mixed Reality Toolkit (MRTK).

HR tracking software: A custom Python program was developed to capture and record heart rate
signals from the Polar sensors on a second-by-second basis. The connectivity issues identified
during preliminary testing were resolved to ensure reliable data acquisition.

Python for data analysis: Different libraries such as SciPy, NumPy, Pandas, and matplotlib were
used.

Different questionnaires used to evaluate the experimental sessions. A set of five general questions
about the course, the State and Trait Anxiety Inventory (STAI) [17], the Nursing Anxiety and Self-
Confidence with Clinical Decision Making (NASC-CDM) [13], the Instructional Materials Motivation
Survey (IMMS) [18], the NASA Task Load Index (TLX) [19], the Comfort Questionnaire [16], the
Technology Acceptance Model (TAM) [17], the Net Promoter Score (NPS) [18] and an open question
concerning the users' experience, was used. These include assessments of students’ anxiety levels
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throughout the course, as well as measures of comfort, usability, and other aspects related to the use of
AR.

2.4 System description: HoloMaïa
HoloMaïa is an AR application developed for the Microsoft HoloLens 2 device, which is designed to
make the simulation of obstetric emergencies and labour management more immersive. The system
architecture is divided into three primary components:

Onboarding and Calibration: To minimise the "novelty effect" and technical barriers, the application
includes an integrated video tutorial that teaches the user gesture control and holographic spatial
alignment.

Simulation environment: The system features three clinical scenarios that are chosen by the teacher
via a "blind" selection process. This approach allows the teacher to decide the specific manoeuvres
and clinical complications without the student's prior knowledge, testing real-time decision-making.

Immersive environment features: The simulation incorporates the following:

Visual cues: A dynamic foetal heart rate monitor that responds to complications, an information panel
displaying completed tasks and other information, and a timer indicating the elapsed time since the start
of the simulation. As shown in Fig. 3.

Auditory cues: High-fidelity sounds, including heart rate, maternal vocalisations and neonatal crying.

Interactive elements: social interaction, such as a responsive mother who behaves on the basis of the
scenario, or other medical staff.

Data Logging and Performance Analysis: The application collects data, featuring an automated
information panel that registers every action taken by the student. After the scenario is finished, the
system generates a summative report including a chronological log of actions, facilitating objective
debriefing and assessment.

2.5 Participants
All fourth-year midwifery students from Grenoble Alpes University were invited to participate in the study.
Participation took place during a mandatory course that forms part of the midwifery curriculum.

The group of students was evenly distributed into two groups for the experiments, with 18 participants
each. The experimental groups were well balanced in terms of population type. No significant
differences were found across the groups for average age (p = 0.76), the number of students repeating
the year (p = 0.46), or gender (p = 1.00).

2.6 Data collection and analysis
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Data were collected from questionnaires and biometric devices. In addition, the entire simulation
session was recorded on video, along with a first-person video recording from the HoloLens perspective
for each participant while they performed the manoeuvres.

Both quantitative and qualitative analyses were conducted. The quantitative data included physiological
measurements and questionnaire responses, which were analysed via Python. Qualitative data were
derived from the open-ended questions and the observational notes from the experiments and other
comments.

2.7 Ethics consideration
As the research project was classified as a “noninterventional study”, it did not require review by an
ethics committee [20]. Nevertheless, all participants provided informed consent. The consent form
details the experimental session methodology, participants’ rights (including withdrawal), potential
benefits and risks, the right to ask questions, and the dissemination of results.

To ensure fairness and maintain the integrity of the experimental design, all the participating students
followed an identical curriculum, including the same courses and a "catch-up" session. All
questionnaires and data collected during the study were strictly anonymized to prevent potential bias.

3 Results

3.1 Event-related physiological responses during AR
simulation
HR was continuously recorded throughout the entire two-and-a-half-hour session 2 for each student. For
the purpose of this analysis, HR data corresponding specifically to the AR simulation phase (for example,
200 seconds in Fig. 4) were isolated and compared with HRs measured outside the simulation period
(during the same session).

In addition, video recordings captured by the HoloLens during the session were used to identify the
timing of key events occurring within the AR scenario. These events included elements such as the
appearance of a red emergency panel, the moment when the student was required to call the
obstetrician for assistance, or the end of the simulation marked by the new-born’s cry. The temporal
alignment of these events with the HR signal allowed event-related segments of physiological data to be
extracted.

Figure 4 illustrates a representative heart rate segment during the AR simulation, with annotated events
overlaid on the HR time series. The periods corresponding to the AR simulation have higher average HR
values than the periods outside the simulation. Variations in HR can be observed in temporal proximity to
specific simulation events, including increases following emergency-related cues and a decrease toward
the end of the scenario.
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Since heart rate variations detected during the AR simulation were temporally aligned with key scenario
events, this suggests that participants were more engaged during the learning activity. In simulation-
based education, these physical responses are often used to show cognitive and emotional involvement.
They reflect how the learner is actively processing the situation and responding to the changing
demands of the task [21].

Critical moments in the scenario, such as emergency cues or the need to request assistance, were
associated with more pronounced heart rate changes. These events require rapid evaluation and action,
which are known to increase cognitive load and emotional arousal [22] [23] [24]. The physiological
responses observed during these phases match an increased level of situational awareness, as
participants had to monitor clinical signs, anticipate consequences, and adapt their actions.

The presence of AR may have contributed to these responses by increasing the realism of the simulated
environment. By including auditory and visual cues in the learner’s field of view, AR can support the
perception of being involved in a more realistic clinical situation.

3.2 Anxiety scores between sessions and groups
This section examines the differences in anxiety scores after the simulations and compares anxiety
levels between the non-AR group (Group A) and the AR group (Group B). Anxiety was assessed after
each experimental session via the same questionnaires for both groups. The STAI-6 was used to
evaluate anxiety after the first session (S1), in which all participants completed the standard course. The
NASC-CDM was administered after the second session (S2), where Group A repeated the standard
course and Group B completed the AR course.

Session 1 (S1): Baseline anxiety (STAI-6)

As S1 served as a standardised baseline for all 36 participants, an analysis of the STAI-6 scores was
conducted to ensure group comparability prior to the AR intervention. The STAI-6 results revealed that
both groups had similar levels of calmness (MA = 3.12 vs. MB =3.00), relaxation (MA = 3.06 vs. MB =2.61),

and comfort (MA = 2.75 vs. MB =2.72). Specifically, Group B was slightly more tense (MA = 2.00 vs. MB

=2.61) and worried about making mistakes (MA = 2.31 vs. MB =2.72). However, Group A was more upset
about the scenario itself than Group B was (MA = 2.12 vs. MB =1.44). The results are represented in Fig. 5
and summarised in Table 2.

Session 2 (S2): AR Intervention (NASC-CDM)

In S2, Group B used AR, whereas Group A continued with the traditional simulation. Despite Group B’s
greater initial tension and performance concerns in S1, the introduction of AR did not lead to a
statistically significant increase in overall anxiety (Q1 to Q15) compared with the control group in S2 (MA

=45.59 vs. MB =50.52; p > 0.05). Furthermore, self-confidence (Q16 to Q27) remained stable across both

groups (MA =46.94 vs. MB =44.52), as shown in Fig. 6 and summarised in Table 2.
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Table 2
Comparison of average anxiety and self-confidence levels in Session 1 (S1), following the

standard course, and in Session 2 (S2) with (Group B) and without AR (Group A).
Metric Group A Group B Difference (ΔM)

Tense (S1) (1 to 5) 2.00 ± 0.84 2.61 ± 0.91 + 0.61

Comfortable facing SD (S1) (1 to 5) 2.75 ± 0.77 2.72 ± 0.75 -0.03

Anxiety (S2) (from 14 to 84) 45.59 ± 12.10 50.52 ± 13.70 + 4.93

Self-Confidence (S2) (from 13 to 78) 46.94 ± 5.40 44.52 ± 9.88 -2.42

3.3 Technology adoption
Technology adoption was measured via the comfort questionnaire, the TAM (technology acceptance
model) and the NPS (net promoter score). All participants completed the full protocol. Data were
collected from Group B during S2 (individual simulation) and Group A during S3 (catch-up session with
the whole group in the practical classroom).

Across all questionnaires, only two items had isolated missing values (TAM4 for one participant in Group
B; TAM6 and TAM7 for one participant in Group A), which were handled through pairwise exclusion in the
subscale calculations.

Physical Comfort

Discomfort scores were low across all participants (M = 1.85, SD = 0.54 on a 1–6 scale). The item-level
analysis revealed that eye fatigue (CO4: M = 2.08) and difficulty appreciating fine details (CO5: M = 2.97)
were the most frequently reported symptoms, whereas headaches (CO3: M = 1.19), nausea (CO6: M = 
1.08), and general discomfort (CO1: M = 2.05) remained near the floor of the scale, as shown in Fig. 7.
No significant difference in discomfort was found between the groups (t (34) = 0.14, p = .887).

Technology acceptance (TAM)

Technology acceptance was assessed via an 11-item questionnaire structured around four TAM
subscales: perceived usefulness (PU; items 1–3), perceived ease of use (PEOU; items 4–6),
enjoyment/engagement (ENJ; items 7–8, with item 8 reverse-coded), and behavioural intention (BI; items
9–11). The internal consistency was satisfactory for PU (α = .89) and BI (α = .93) and acceptable for
PEOU (α = .67).

The mean scores and standard deviations for each subscale are reported in Table 3. Overall, all
subscales exceeded the scale midpoint (3/5), with ENJ (M = 4.33, SD = 0.55) and BI (M = 4.13, SD = 0.77)
having the highest scores. PU was also positive (M = 3.75, SD = 0.63). The PEOU was the lowest
subscale (M = 3.04, SD = 0.65), with the highest variability, as shown in Fig. 8.
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Table 3
TAM results across all students. Note. Scale 1–5. Item 8 reverse-coded (r). Welch’s t tests, two-tailed. No

comparisons reached statistical significance. α for ENJ is left blank because it has only 2 items.
Subscale Items α Overall M

(SD)
Group B M
(SD)

Group A M
(SD)

t p

Perceived
Usefulness (PU)

1–3 .89 3.75 (0.63) 3.58 (0.69) 3.94 (0.52) −1.79 .083

Ease of Use (PEOU) 4–6 .67 3.04 (0.65) 3.02 (0.63) 3.07 (0.68) −0.23 .818

Enjoyment (ENJ) 7–8r — 4.33 (0.55) 4.39 (0.39) 4.26 (0.69) 0.69 .499

Behavioural

Intention (BI)

9–11 .93 4.13 (0.77) 3.96 (0.87) 4.31 (0.62) −1.39 .173

TAM Global 1–11 — 3.81 (0.44) 3.74 (0.46) 3.90 (0.41) −1.09 .283

Welch t tests revealed no statistically significant differences between groups on any subscale (all p >
.05), indicating consistent acceptance across participants. A nonsignificant trend toward higher PU was
found in Group A (p = .083).

Net Promoter Score (NPS)

Students' likelihood of recommending the HoloMaïa tool was evaluated through two NPS items rated on
a 0–10 scale. The mean ratings were 7.14 (SD = 1.74) for the general recommendation of the tool and
7.42 (SD = 1.61) for the recommendation as a method for learning emergency procedures such as
shoulder dystocia. Using standard NPS classification (promoters: 9–10; passives: 7–8; detractors: 0–6),
the global NPS was − 13.9 for general use and − 8.3 for emergency procedure learning.

These scores reflect a predominantly passive response pattern rather than active dissatisfaction. The
majority of participants gave scores of 7 or 8, indicating conditional approval, as shown in Fig. 9. Group
A showed a more favourable profile, with an NPS of − 5.9 for the general tool and 0.0 for the emergency
procedures, the second indicating an equal balance of promoters and detractors.

4 Discussion

4.1 Result interpretation
The physiological responses should not be interpreted only as stress markers. Instead, they could
indicate engagement within a complex learning environment. In the context of obstetric emergency
training, this type of engagement is a key part of learning although experience, helps the development of
situational awareness and prepares students for real-life clinical situations [25].

These interpretations are further supported by the psychological measures collected during the study.
Baseline levels of confidence and anxiety (S1) were comparable between the groups. Although Group B
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showed slightly greater anxiety after S1 (which was conducted without AR for all participants), the
introduction of AR in S2 did not result in a statistically significant increase in overall anxiety compared
with the control group. Furthermore, self-confidence remained stable across both groups.

Taken together, these findings suggest that the increased physiological responses observed in the AR
group may reflect engagement and immersion rather than stress exclusively within a complex learning
environment [26]. However, this immersion may be attributable not only to the technology itself but also
to the presence of simulated scenarios in S2 compared with the simple gesture simulation of S1.

If anything, AR may slightly challenge learners’ perceived confidence, possibly because increased
realism is coupled with increased emotional and sensory information. The participants were required to
process multiple elements at once, such as visual cues, clinical signs, and procedural decisions, similar
to the demands of real-life obstetric emergencies. This complexity may temporarily increase arousal
while facilitating experiential learning [27]. In addition, the heightened realism provided by AR may make
learners more aware of the challenges of real clinical situations, which could reduce their perceived
confidence while simultaneously preparing them more effectively for future professional practice, as we
see after S2 in Group B compared with Group A.

In the technology adoption assessment, there was no significant difference between groups on any
measure, suggesting that positive reception was consistent across contexts. If anything, Group A tended
toward higher usefulness scores. This group performed the AR session after completing two standard
courses and performed the AR simulation in a group format rather than individually as Group B, which
may have influenced their perception. This topic may need exploration in future studies with larger
samples.

Discomfort scores were low across all participants, indicating that the AR system imposed minimal
physical burden during the simulation session. These results suggest that the headset is well tolerated
for short clinical training simulations, which is an important safety and usability precondition for
wearable technology, particularly in environments where learners already face high cognitive loads [28].

With respect to technology acceptance, all the subscales surpassed the scale midpoint, with enjoyment
and behavioural intention having the highest scores, indicating strong engagement and willingness to
reuse the tool. Perceived usefulness was also positive with good internal consistency, reflecting
students' perception that AR could enhance their learning of shoulder dystocia procedures. Perceived
ease of use was the lowest subscale, suggesting that ease of use, while above the midpoint, remains an
area for design improvement.

Finally, the negative NPS data reflect the strict promoter/detractor methodology, where only 9–10 s
count as promoters, rather than genuine student dissatisfaction, placing most students solidly in
"passive" territory rather than "detractor." This pattern is consistent with first-exposure adoption curves in
health education [29].

4.2 Limitations
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Several limitations should be considered when these findings are interpreted. First, the sample size was
relatively small, which may have limited the statistical power to detect subtle differences in anxiety or
self-confidence between groups. A larger cohort would strengthen the robustness and generalizability of
the results [30].

Second, physiological activation was assessed primarily through HR variations. While HR is a sensitive
indicator of stimulation, it does not allow differentiation between positive engagement, cognitive load,
and stress-related responses. The inclusion of additional physiological markers (such as heart rate
variability, electrodermal activity, or cortisol levels) would provide a deeper understanding of the
emotional and cognitive mechanisms of AR-based learning [31].

Third, the study was conducted within a single institutional and educational context. As simulation
practices, student characteristics, and curricular structures may vary across institutions, caution should
be exercised when these findings are generalised to other midwifery or healthcare training programs.
Nevertheless, the next steps in this research will include multicentre testing and evaluation.

Additionally, the short-term nature of the evaluation limits conclusions regarding long-term educational
outcomes. While AR appeared to enhance immersion without increasing anxiety during the sessions, its
impact on knowledge retention, skill transfer, and clinical performance over time remains to be
determined.

Finally, the novelty effect of AR technology may have influenced participants’ engagement and
physiological responses. Further studies are needed to determine whether the effects remain consistent
once they become familiar with the technology.

5 Conclusion
This study aimed to evaluate whether AR-based training allows immersion (RQ1), how anxiety varies with
the presence of AR in midwifery practical training (RQ2), and the level of adoption among students
(RQ3). The findings indicate that AR contributes to a more immersive learning environment. This is
shown by the close temporal alignment between scenario events and students' physical responses,
which suggests greater engagement.

In terms of anxiety, the introduction of AR did not result in a significant increase in self-reported anxiety
or a decrease in self-confidence. Although physiological arousal was greater during AR-enhanced
simulation, this could reflect more focus and emotional involvement. The more realistic and stimuli-rich
environment could be the reason for the slightly higher anxiety and lower levels of the experimental
group (Group B).

Overall, the system was considered acceptable for use in midwifery training. The students reported low
physical discomfort, positive perceived usefulness, high engagement, and the intention to reuse the
system. The consistency of these results across groups strengthens confidence in their reliability.
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Together, these results support the use of AR in obstetric emergency training to provide a more
immersive learning experience without negatively affecting student anxiety.

6 Contribution of the study
This study proposes a structured framework for the development of an AR system for midwifery
education, with the potential to be extended to other midwifery contexts and healthcare education more
broadly. The approach is reproducible and flexible and can be adapted across various clinical scenarios,
training programs, and cultural environments.

From a practical perspective, this study offers insights into how an AR system can be effectively
integrated into existing curricula, providing a more immersive and experiential learning experience
without negatively affecting students' emotional state. It also helps identify the main advantages and
limitations of AR as a teaching tool and guides future implementation strategies in educational
institutions.

Finally, this work has strong international development potential through ongoing collaborations,
particularly in Brazil. These partnerships will support the deployment and evaluation of the system
across new educational and cultural contexts, enabling assessment of its adaptability, scalability, and
broader relevance.

7 Future research directions
Future research directions will focus on extending the applicability and scalability of the HoloMaïa
system.

First, the system will be adapted and deployed in an international context by modifying and testing the
tool within the obstetric nursing training programs of the National Institute of Telecommunications
(Inatel) and the Centro de Simulação em Saúde at the Federal University of Paraíba (UFPB), both of
which are in Brazil. This will facilitate the evaluation of its usability, cultural adaptability, and educational
effectiveness across different healthcare and pedagogical settings while also establishing a
standardised deployment protocol for global implementation.

Second, to ensure the long-term viability of the system following the discontinuation of Microsoft
HoloLens 2, the HoloMaïa system is migrated to Meta Quest 3. This transition will allow continued use of
the AR program while supporting broader implementation within educational courses.

Abbreviations
XR: Extended reality

AR: Augmented reality
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VR: Virtual reality

MR: Mixed reality

RQ: Research question

HR: Heart rate

NASC-CDM: Nursing Anxiety and Self-Confidence with Clinical Decision Making

NPS: Net Promoter Score

TAM: Technology acceptance model
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Figures

Figure 1

Standard shoulder dystocia practical course (without scenario).
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Figure 2

AR shoulder dystocia practical course (with scenario variability).

Figure 3

Screenshot from HoloLens 2 of the HoloMaïa system.
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Figure 4

HR during simulation with annotated events of one of the participants.

Figure 5

STAI-6 average results of Groups A and B after the first experimental session (S1).
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Figure 6

NASC-CDM, average anxiety (Q1-Q15) and self-confidence (Q16-Q27), results of Groups A and B after the
second experimental session (S2).

Figure 7

Bar chart of mean scores per comfort item (CO1–CO6), by group and overall. Scale 1-5.
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Figure 8

Boxplot of TAM subscales overall. Scale 1-5.

Figure 9

Promoter/passive/detractor breakdown. Scale 1-10.
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