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Abstract

Medical simulators, such as manikins and task trainers, are commonly used for skill

development in nursing education. Existing simulators have tradeoffs in their abilities

to simulate physical conditions, support patient communication, provide hands-on

skill development, or in their expense. To address these shortcomings, a mixed reality

(MR) system was developed, enhancing a medical task trainer with a virtual patient,

which was compared against a standardized patient actor (SP). Results indicate

that the MR system supported learning as well as the SP, while reducing learners’

feelings of stress. The MR system also improved the ability to recognize a medical

emergency based on physical symptoms that the SP could not replicate. Despite

the MR system using scripted dialogue, participants practiced their communication

skills in a similar manner to the SP. Our work demonstrates the viability of MR

simulators for providing simultaneous hands-on skill development, communication,

and procedure training in health education.
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Chapter 1

Introduction

Nursing students often receive training through the use of medical simulators. These

simulators are used to replicate clinical scenarios, allowing students to develop skills

in a controlled environment without the need for actual patients [1, 2, 3]. Simulators

allow students to develop procedural skills such as peripheral intravenous catheter

(PIVC) insertion, drawing blood, and suturing while working through a realistic sce-

nario. These scenarios typically range in topics from a patient who dislikes needles to

a patient suffering from mental health issues. By using simulators, students are able

to develop procedural skills, patient observation and communication skills. However,

despite their widespread use, task trainers and manikins are not without their limita-

tions. High-fidelity solutions often carry extreme costs while still having limitations

that can impact learning and skill development, such as unrealistic communication

and facial expressions [2, 3]. Lower-fidelity solutions often carry lower costs, but

they oftentimes lack some of the necessary features to develop certain skills (e.g.,

they often do not support patient communication [4, 5]). These limitations hinder

students’ ability to develop procedural skills such as PIVC insertion, and patient

communication skills simultaneously. Virtual reality (VR) solutions have also been

developed to address some of these issues related to features and fidelity. As well,
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these systems often lack physical skill development that come from being able to use

real instruments on realistic patients, reducing learning benefits.

PIVC insertion is one of the most common procedures performed in hospitals and

is primarily used to administer medications, blood, and fluids [6, 7]. PIVC insertion

refers to the placement of a standard IV line, where a needle is used to access a vein

for administering treatments. Internationally, around 60% of hospitalized patients

receive a PIVC [8]. However, due to factors such as cost and resources, nurses often

receive very little formal training before gaining on-the-job experience, retraining is

also infrequent [9, 10]. Additionally, PIVC insertion is a difficult task to perform

correctly, and the need for reinsertion due to failure is frequent. More than 20% of

patients can experience complications and failure during the first insertion attempt

[7, 11]. The most common failures that can occur are infiltration, occlusion, phlebitis,

dislodgement and occasionally infections [12, 13]. These types of procedures often

cause patients anxiety and distress, which can be compounded by PIVC failure [8, 14].

Effective communication and patient interaction can lead to a better experience for

patients, frequently reducing feelings of stress, anxiety and pain [14, 15, 16]. Even

with the benefits of patient communication, a study by McCabe et al. [17] found that

nurses are often focused on completing tasks/procedures, rather than communicating

with patients, illustrating a need for further training. Due to the importance of

performing PIVC insertion correctly, as well as the importance of effective patient

communication, it is crucial that nurses are trained in both of these skills.

In this work, we set out to develop a simulator that is able to address some of the

shortcomings that current approaches for simulation suffer from, while facilitating

the training of multiple nursing skills and procedures simultaneously. To do this, we

decided to enhance a medical task trainer by creating a virtual patient using mixed

reality (MR). By enhancing a medical task trainer with a virtual patient, we can

benefit from physical skill development with the tactile feedback that medical task
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trainers provide, while also being able to provide a realistic patient that can easily

be updated to reflect a variety of different scenarios. Due to the prevalence of PIVC

insertion in hospitals, as well as the importance of patient communication, we chose

to focus on these skills for our scenario. The system was built around a patient who

was scared of needles, who then developed an allergic reaction to the administered

fluids.

To evaluate the system, we carried out a mixed-methods, between-subject study,

where half of our participants made use of our MR system, and the other half worked

through the same scenario with a standardized patient (SP). SPs are actors, who play

the role of a patient in a specific scenario, and are trained in the specific symptoms

they need to describe and act out. The applicability and experience of nurses were

observed and evaluated through the use of surveys and questionnaires, where affinity

diagramming was conducted to analyze the qualitative data.

Results show that our MR system was able to support learning through simulation

just as well as the SP. However, our approach was able to significantly improve the

learners’ ability to identify patient symptoms and a medical emergency. This was

due to our virtual patient being able to replicate symptoms that are both typical

of a medical scenario and important for identifying patient complications (where

the SP was unable to develop these symptoms due to physiological limitations).

Despite these advantages related to visuals, the display in the MR headset was also

a limitation. Participants had issues seeing important details and objects, like the

tips of needles, and with the virtual objects occluding important physical objects.

Our work demonstrates the viability of the MR approach for creating simulations

for health skills training like nursing, with a low-cost, but highly effective solution

that provides distinct advantages over other previous approaches. We also iden-

tify important directions for future work that can further mature health simulation

technology.
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The remainder of this thesis is organized as follows: Chapter 2 covers related

work, Chapter 3 presents the methodology, Chapter 4 discusses the results and affin-

ity diagramming, and Chapter 5 discusses limitations, identifies future work and

provides a conclusion.
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Chapter 2

Background and Related Work

2.1 Medical Simulators

Simulators refer to a set of medical training tools that approximate all or part of

human anatomy to allow medical procedures to be practiced (or to be “simulated”).

Two main types of simulators are commonly used in medical training: manikins

and task trainers. Manikins are human-like full-body simulators that are used to

train nurses (and other health professionals) on various procedures [1, 18]. Manikins

simulate bodily functions and contain “working” organs, allowing them to react to

interventions [18, 19]. Typically, manikins recreate multiple physical human faculties

including but not limited to facial expressions, blood flow, the heart, lungs, lacrima-

tion (tears), salivation, urine production, tongue swelling, and pupil dilation [1, 18].

Manikins are also able to simulate patient communication using pre-recorded sounds

and voices, while others allow for the patient’s voice and reactions to be simulated

by a hidden actor via a microphone and speaker, using a technique similar to the

Wizard-of-Oz method [18, 19, 20].
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Figure 2.1: The SimMan 3G Manikin [21].

Despite manikins being the standard for many different medical training environ-

ments, they are not without limitations in both cost and technology. For manikins

such as the SimMan 3G Plus (see Figure 2.1), the high-fidelity and feature-rich nature

results in high on-going costs. These costs stem from consumables and maintenance

items such as arm skin, personnel such as lab technicians and simulation specialists,

and additional costs related to training, support computers and other equipment

[18]. Without factoring in these annual costs, the SimMan 3G Plus can still cost

upwards of $100,000 USD [19]. Similarly, even though manikins can simulate patient

communication, the conversation between students and manikins can be awkward,

unnatural, and even unsettling (because of an “uncanny valley” effect) [23, 24].

Task trainers focus on a specific section of the body, such as the arm, leg, chest,

or head, where the goal is to teach specific procedures for this section of the body

[18]. Typically, these procedures are simulated with limited features compared to a
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manikin [18]. However, by focusing on only a specific part of the body and possessing

fewer features, task trainers cost substantially less than manikins, and are easier to

maintain [25]. Task trainers can cost anywhere from a few hundred dollars to a few

thousand [26]. However, task trainers require far less maintenance and preparation

due to the limited number of features, leading to lower annual costs [18]. Simi-

larly, even with their lower costs, the task trainers used to train PIVC insertion can

simulate veins within the arm, including realistic blood flow with adjustable heart

rate and pulse strength [27]. These task trainers do not support patient commu-

nication and observation like many manikins can, leaving this skill to be taught in

other ways [5]. Patient observation skills might include recognizing the facial signs

of a patient, which can be extremely important in identifying complications that the

patient may be having, such as a drooping face that is a hallmark symptom of expe-

riencing a stroke [2]. Further, task trainers and many manikins, do not allow patient

communication to be developed. Patient communication is an essential skill, and

is often thought of colloquially as “bedside manner”[28]. While considered as ‘soft

skills’, effective communication skills, including informing patients of their condition

and the procedures being undertaken, is important for the well being of the patient

[14, 15, 16].

Despite the lower initial and ongoing costs of task trainers compared to manikins,

task trainers are limited to procedures associated with a specific part of the body

and lack features to support patient communication.

2.2 Standardized Patients

Standardized patients (SP), are one of the primary tools used to train nurses in

patient communication [4]. SPs are actors who have been trained to reenact the

communications and interactions that a nurse and patient would have in realistic
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scenarios [29]. In some cases, the SP can be the instructor or peers in a course,

or external participants who have been hired and trained for the role [30, 31]. SPs

can be used to train students solely on communication skills or combined with other

procedures that the students are learning. For example, a student might pretend to

insert a real PIVC line. However, when it comes to teaching procedures such as PIVC

insertion, these tasks cannot be practically performed directly on an SP due to its

invasive nature [32, 33]. This limits the motor learning aspects of the task (e.g., the

feeling of manipulating the needle and line and piercing the skin for line insertion)

[34]. A solution to this would be to place a task trainer next to the SP, this way

students can perform the invasive task on the task trainer while still communicating

with the SP [4, 5]. By doing this, nursing students can better understand how a

patient might react, as well as the addition of external pressures while completing

their tasks on a patient that can (pretend to) react physically and emotionally to

the students actions.

However, because the SP and task trainer are separate in this case, this method

could suffer from decreased realism. The student’s ability to suspend disbelief, which

refers to believing a simulation is real despite its limitations could be impacted, as

the SPs body and task trainer are not connected [35, 36]. As well, this method

still requires the involvement of a trained actor, which requires additional costs (for

paying the actor) and time to train the actor.
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Figure 2.2: The Avstick, a wearable task trainer used for performing PIVC insertion
on a standardized patient [22].

A different approach that allows PIVC to be performed on a SP is through the

use of a wearable device. For example, the Avstick (see Figure 2.2), is a wearable

sleeve that supports PIVC insertion on a SP using a protective sheath [37]. Sensors

are embedded within the sheath that recognize when a needle has been inserted,

allowing for the SP to react realistically [37]. In a study using the Avstick and SP,

students corrected and voiced their mistakes more frequently when compared to a

manikin, where students were frequently silent [37]. Due to the higher realism of
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an SP, students may be further immersed in the task and their learning, leading to

better results.

A study by Meerdink and Khan [3] looked at the learning benefits of simulation

learning, comparing manikins and SPs. The results show that 17% of participants

felt more comfortable communicating with a manikin than an SP [3]. This study also

found that SPs provided significantly higher benefits to learning and increased the

comfort of the learners compared to manikins [3]. Participants preferred SP-based

learning due to its increased realism; they considered it more intuitive to interact

with a person as opposed to a manikin [3]. Despite the benefits of SPs over manikins,

recruitment of special populations can be challenging [38]. It is also difficult to train

SPs to react in the ways that are necessary for the development of certain skills, such

as replicating symptoms when developing observation skills [4]. Similarly, it can be

costly to employ and train SPs [39].

Despite the fact that SPs can have more realistic reactions than a manikin would,

it can still be challenging to produce authentic reactions and body language. There

are certain scenarios that would require specific reactions and facial movements that

can be difficult or impossible for an actor to replicate, such as a stroke patient’s face

drooping [2]. Similarly, when it comes to vulnerable patients such as those with an

intellectual disability, it can also be difficult to produce realistic training that can

provide students with valuable experiences working with these individuals [40].

2.3 Mixed Reality Training and Education

MR has seen recent use within education and training by enhancing current learning

methods as well as creating new learning experiences. For example, MR has com-

monly been used to enhance training methods by creating digital models of objects

that can then be manipulated by the user [41]. A study by Gonzalez-Franco et al.
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[42] implemented MR in training the manufacturing procedure of an aircraft main-

tenance door. A between-subjects study was conducted where half the participants

experienced conventional face-to-face training using a scaled assembly jig [42]. The

remaining participants made use of the collaborative MR training system, where a

digital assembly jig was presented, with enabled virtual interactions when necessary

for the training [42]. In these specific use cases, MR has proven successful at provid-

ing positive learning experiences and learning outcomes. Recent studies that look at

the knowledge retention and interpretation of participants using both MR systems

and traditional learning methods have found that there is no significant difference

between the two methods [42, 43].

The use of MR in these cases provides many different benefits over traditional

training methods, especially when used for simulation. In the context of military

training and simulation, MR has been used to simulate real-world scenarios such as

battlefield and flight training [44]. Traditional training in these types of scenarios

typically suffer from issues related to cost, danger and resources [43]. MR simulation

allows for many of these issues to be addressed at a lower cost than what is required

for typical training. In other contexts, MR systems are often able to address many

of the issues that traditional training methods and simulation suffer from, with no

loss to knowledge retention [43]. MR simulation for these types of scenarios also has

the ability to offer immediate feedback to the learner, allowing the user to easily

self-correct mistakes [43].

2.4 Immersion, Embodiment and Tangible

Objects

When creating MR systems for education and training, it is important to consider

immersion. Immersion is a common term in MR that creates a perceived feeling of
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being physically present in a digital world, referred to as presence [45]. Generally,

the degree of immersion can be affected by the realism of the environment, including

objects, physics and interactions, as well as the fidelity of the hardware used [45, 46].

Immersion and presence have been shown to affect user engagement, motivation

and enjoyment, leading to a better overall experience [47, 48]. A study by Huang

et al. [41] looked at the effect of immersion in VR on motivation, enjoyment and

performance in education. Two different VR systems were built, one with moderate

immersion, and the other with high immersion. Participants navigated a solar system

within both of these systems. To create different degrees of immersion, varying

modalities, interactions, and degrees of freedom were used for each. Both moderate

and high immersion led to high levels of motivation and engagement, however, higher

immersion was associated with higher levels of perceived motivation and engagement

[41]. The authors also hypothesized that higher immersion would lead to better

learning outcomes [41]. Quiz scores were slightly lower for those who used the high-

immersion VR system [41]. However, increased motivation and enjoyment are highly

beneficial in education settings and their importance cannot be overlooked.

Additionally, the degree of immersion can be affected in MR by the use of tangible

objects as well as embodiment [49]. Tangible objects are physical objects in the real

world that allow the user to interact with virtual environments. When tangible

objects are used, the user is able to interact with a physical object that has some

sort of effect on objects in the digital world [34]. Typically in MR, users can interact

with digital objects with their hands or a controller. When hands are used, tactile

feedback and the sense of touch are not provided, breaking realism [34]. Additionally,

the use of controllers creates a mismatch between the shapes of the virtual object

that is being manipulated and the controller. In training and education, Martin et

al. [50] found that presence and experience were increased when the tangible objects

had accurate weights and resemblance. However, no difference in performance was

12



found between different weights and resemblance. Another study by Rettinger and

Rigoll [51] looked at different interaction methods in VR, specifically looking at real-

world (non-VR), VR controller, free-hand, and tangible objects. Findings indicated

that participants trained in the tangible condition scored higher on test results,

however, these results were not significant [51]. Even without these improvements

to learning outcomes, increasing motivation and enjoyment is generally regarded as

being beneficial in training and education contexts. While VR does allow students

to learn soft skills at a low cost, gaining skills that require the use of tools or physical

touch can be difficult, as motor learning is limited [34]. In fields that require the

use of tools where different levels of force are necessary (such as PIVC insertion), it

is difficult to acquire these skills without tangible interaction with physical objects

[34].

Generally, embodiment in VR refers to substituting a person’s body with a virtual

avatar, creating the feeling as if it is our own. The Sense of Embodiment in Virtual

Reality by Kilteni et al. [52] provides a definition of embodiment that is broken

down into three subcomponents. These components are the sense of self-location,

agency, and body ownership. Self-location refers to the feeling of one’s self, being

located within an avatar or biological body [52]. Agency refers to the feeling of being

in control over actions, through one’s own will [52, 53]. Finally, body ownership

implies the body is the source of one’s sensations [52]. The sense of embodiment

in MR has been shown to provide different benefits, such as increased immersion

and enjoyment [54]. Many different factors affect the sense of embodiment. For

example, agency and self-location can be affected by the type of tracking used [55].

The latency of the system has also been shown to affect agency [56]. Similarly, the

use of full-body avatars has been shown to increase body ownership [55]. Broadly,

embodiment can be expanded to other objects, this is commonly seen where tools

are embodied. In this case, these objects are felt as if they are extensions of our

13



bodies. A 2019 study that looked at quantitative measurements of tool embodiment

in MR, found that embodied tools led to more focus on the task at hand, rather

than the tool itself [57]. Another study by Alzayat et al. [58] in 2017 found that

both digital and physical tools led to high levels of tool embodiment, however, the

authors noted that virtual tools require more cognitive resources. The same study

found that participants performed better when using physical tools, which further

supports the benefits of tangible objects and embodiment in MR systems. Together

previous work suggests that providing the opportunities for the use of tools and

objects can be beneficial for motivation and learning, especially when considering

physical procedures such as inserting a PIVC line into a patient’s vein.

2.5 Mixed Reality Medical Simulators

MR has also seen recent use within the instruction of medical procedures and can

be helpful in addressing issues that exist with other medical simulation approaches.

Augmented reality (AR) has seen use primarily in enhancing existing medical sim-

ulators, such as overlaying facial animations on manikins [2, 59]. The goal in this

case was to increase the fidelity of the manikin through realistic facial animations

[2]. When compared to manikins without MR, findings suggest that the use of facial

animations becomes a source of information for participants, allowing them to easily

identify any complications the patient was having [2]. Participants also stated they

had a better learning experience while using MR [2, 59]. In this study, users are able

to learn through the use of a manikin, using physical tools, which is highly beneficial.

However, one of the major benefits of task trainers when compared to manikins is

the cost. In this case, utilizing MR to enhance manikins does help teach patient

communication and interaction, but leaves the issue of cost unaddressed.

VR is another method for teaching medical procedures that has become popular.
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VR addresses the issue of cost when compared to other simulation methods, allowing

for repeatability and fewer resources [60]. A 2019 study mentions a use case of VR

where students would be placed in a virtual emergency room where they are asked to

diagnose and treat a patient [60]. Virtual patients in these cases could be designed

in a way that would allow them to produce movements, reactions and dialogue

that prove more realistic than what an SP or manikin would be able to produce.

Similarly, virtual patients have also been used in the past to address the issue of

nursing students going unexposed to vulnerable patients [40]. A study by Chuah

et al. [40] that utilized VR to simulate vulnerable patients found that confidence

was increased after using the MR system [40]. Similarly, participants rated the

usability of the system highly, finding it to be educationally beneficial [40]. These

types of systems mentioned by Pottle [60], addresses the issue of cost, allowing for

communication skills to be taught, but the use of tangible objects and tools has not

been incorporated. The use of tangible tools and objects and physical representations

of patients in medical training systems allows the user to learn the intricacies of how

to use the necessary tools (including how they can be held, manipulated, etc) as well

as the force, physical positioning and postures that are required to perform steps in a

procedure. Related work provides a clear gap, where it is unknown whether virtual

patients and guidance can be successfully merged with physical tools and patient

embodiments to create effective training systems.
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Chapter 3

Methods

In our work, we aimed to address some of the issues related to cost, fidelity and

features that exist within the current standard simulation methods (namely stan-

dardized patients and task trainers). Specifically, most issues with task trainers

stem from the lack of integrated options for practicing communication and observa-

tion, requiring the use of an SP. However, these limitations and issues with the use of

the SP present an opportunity for MR. In order to facilitate patient communication

and observation, our technological solution makes use of a MR headset, allowing the

user to interact with a virtual patient while performing the PIVC procedure on the

physical task trainer (see Figure 3.1).

The goal for the system was to provide simultaneous skill development for pa-

tient communication and for practicing physical procedures. Due to the prevalence

and importance of PIVC insertion (a physical procedure), and its requirement for

patient communication and observation, we selected it as the instruction domain of

our simulation system. Mental and physical effort were evaluated, as well as other

subjective factors that we believe would affect the adoption of simulation approaches.

Questionnaires included demographics, Clinical Learning Environment Comparison

Survey (CLECS), NASA-TLX, and an exit questionnaire consisting of written and
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Likert-scale questions. Affinity diagramming was the method used for qualitative

analysis based on observations and participant feedback.

3.1 System Design

With the assistance of nursing faculty members, a scenario was developed for the

simulation that incorporates a common physical procedure (PIVC insertion), patient

communication and observation, specifically requiring the user to identify symptoms

and a medical emergency. The developed scenario consisted of a patient who dis-

likes needles, is provided fluids for dehydration via a PIVC, who then develops an

allergic reaction during the scenario. An allergic reaction was chosen as the medi-

cal emergency, as the patient would develop multiple symptoms that could then be

incorporated into the simulation. Similarly, delaying the reaction to the end of the

scenario allows for the PIVC insertion to be performed, and means the participant

is unaware that the reaction will occur, allowing us to evaluate their ability to iden-

tify the symptoms and complication. Further, by having the patient be afraid of

needles, we were able to expose the user to complex patient interactions that can be

encountered.

To support learning content, a tutorial was built into a world-referenced menu,

displaying images for each step, as well as instructions on how to complete them (see

Figure 3.1 B). 21 different instructional steps are presented to the user, including

PIVC insertion, patient communication and observation. These steps were created

and refined with the help of nursing faculty members and were selected to closely

match current institutional steps for these skills. The tutorial menu allowed the user

to move forward or backward through the scenario instructions using a raycast and

pinch interaction.
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A B

Figure 3.1: A: The medical task trainer used for the study, which is capable of
PIVC insertion. Gaumard (S402.100). B: The MR system with the virtual patient
overlaid on the physical task trainer, with step-by-step instructions displayed within
the floating menu. The passthrough window is shown with an orange highlight.

The virtual patient created for our simulation represented a young adult male.

The virtual patient is high-quality, fully-animated and voice-acted to behave and ap-

pear as realistic as possible. Animation include blinking, moving, wincing, coughing

and breathing with visible chest movements to improve realism.

Users are able to interact with the virtual patient in multiple ways, specifically,

the virtual patient stays engaged with the user by maintaining eye contact, with

the patient’s head turning to face the user during communications. Similarly, the

user is able to speak to the virtual patient at multiple points during the scenario.

This communication is tied to specific steps in the scenario, where communication is

required from the user, and is indicated by a microphone icon. The replies from the

virtual patient are triggered upon advancing forward from these steps, and features

step-appropriate pre-recorded (voice-acted) replies.

Upon completing the steps around the PIVC insertion, the user is instructed

to administer fluids to the patient. After administering these fluids, the users are

instructed to “Ensure the patient is comfortable”. Shortly after the patient states,

“I don’t feel so good”. At this point, the virtual patient begins to present symptoms

of an allergic reaction. These symptoms include broken eye contact, dilated pupils,
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grasping of the chest, coughing, audible labored breathing and wheezing as well as

visible hives that progressively worsen (see Figure 3.2). After, the user is instructed

to observe the patient, they are given the option to end the scenario or continue to

observe. The reaction develops slowly over a few minutes, with symptoms developing

at the rate of a real symptom onset.

A B C

Figure 3.2: A: The virtual patient a few seconds after anaphylaxis has begun. Heavy
breathing, hives and dilated pupils are present. B: The virtual patient mid-way
through the allergic reaction. The hives and coughing have developed further at this
point. C: The virtual patient with the anaphylaxis symptoms fully developed. Hives
are fully present and the patient has become unresponsive.

3.1.1 Implementation

The system was created using Unity version 2022.3.40f1 with the Meta XR all-in-one

SDK version 67.0.0. The Meta Quest 3 was the chosen MR headset for this study

due to its features and being a readily available headset that has had widespread

uptake, which indicated to the research team that the headset would have longevity

(i.e., long-term availability and support). The Quest 3 is also able to support the

use of both controllers and hand tracking. This made the Quest 3 an appealing

choice as PIVC insertion requires having hands free and sanitized for the duration

of the procedure. The Quest 3 is also able to support both virtual and augmented

reality, allowing for different types of scenarios to be created with varying levels of

immersion.
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The Gaumard S.M.A.S.H Advanced IV Training Arm (S402.100) was used as the

physical arm for our virtual patient (see Figure 3.1 A). This task trainer allows for

multiple procedures to be practiced, namely PIVC insertion. This training arm has

a relatively low cost and a higher level of realism compared to other task trainer

arms, making it an ideal choice.

To avoid any issues around the user’s ability to suspend disbelief, we wanted

to ensure that the task trainer and virtual patient were visually connected. To

achieve this, the right arm was removed from our virtual patient and replaced with

a passthrough window (see Figure 3.1 B). The window was aligned with the training

arm at the beginning of the scenario (by the experimenter), allowing for the physical

training arm to replace the virtual patients arm (see Figure 3.3 A and B). This

passthrough window was also used in our system to highlight areas on the task

trainer that correspond to the current step the user is completing. This highlight

was achieved using a glowing green visual effect that appears next to the task trainer

in specified areas when the step comes up, such as the location on the arm for the

PIVC insertion and the location for applying the tourniquet (see Figure 3.3 C).

A B C

Figure 3.3: A: The physical task trainer arm with the digital wireframe version of
the arm used to align the virtual patient and physical training arm. B: The physical
task trainer with the digital wireframe version of the arm overlaid. C: The virtual
patient and green glowing visual effect are displayed around the physical task trainer
to show the user where to apply the tourniquet.
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3.2 Participants and Procedure

As a point of comparison for our virtual training system, a SP was trained with

guidance and feedback from nursing faculty to perform the scenario used in our MR

system. The hired SP was also a young adult male with extensive acting experience,

allowing for both the MR and SP scenarios to be consistent. However, some aspects

of the scenario had to be omitted or altered, specifically around symptoms of the

allergic reaction, as they would not be possible for the SP to replicate. Symptoms

such as pupils dilating and hives were omitted from the SP scenario, instead, the

SP vocalized some of these symptoms, including stating they were having trouble

breathing, and that they felt itchy. As well, the SP was able to recreate some of the

other symptoms in our MR scenario, such as coughing and heavy breathing. The

rest of the scenario remained unchanged from our MR system.

Figure 3.4: Experiment room setup showing the arrangement of equipment, including
medical supplies and task trainer.
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3.2.1 Participants

Ten participants (10 female, mean age: 29.9) from a local university were recruited

(see Tables A1 and A2). Of the 10 participants, 8 were enrolled in a nursing pro-

gram and 2 were current nursing faculty members. Participants were recruited via

an advertisement email that was shared with current nursing students and faculty

members. Only students with previous instruction in PIVC insertion (approximately

equating to fourth-year students) were included to ensure familiarity with the sce-

nario and to allow for feedback to be given based on previous learning and profes-

sional experiences. Due to concerns around visual fidelity of the MR system, those

with uncorrected vision were part of the exclusion criteria; however, no participants

were excluded for this reason.

3.2.2 Procedure

Our procedure was approved by the UNB Research Ethics Board and is on file as

REB-2024-184. Our study used a between-subject design, where half of the partici-

pants made use of the MR system, and the other half worked through the scenario

with the SP. Participants were provided with a $35 gift card.

Participants were given an informed consent form and demographic questionnaire

(see Appendix A.1) before the study began. For both conditions, the experimenter

conducted a prebrief with each participant, which included going over the study pro-

cedure, as well as explaining the simulation they would be taking part in, including

the supplies they would be using, and the task trainer arm and its use. The pre-

brief included discussing that they would be administering fluids to a patient who

dislikes needles. In the case of the MR condition, after the prebrief was completed,

participants were assisted with putting on the Quest 3 if needed and were given an

overview regarding navigation and gestures required for the simulation. In contrast

to our MR system, those in the SP condition were given a consistent paper copy
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of the instructions for the scenario. Participants in both conditions were provided

with a paper copy of the patient chart. The patient chart includes information that

the participant needed to complete the scenario, such as the patient’s name and

date of birth. The chart also lists allergies that the patient has. For the purposes

of this study, we intentionally provided a patient chart where “No known allergies”

was listed in the allergies section. Both the virtual patient and SP also responded

“Not that I know of” when asked if they had any allergies. This was done to mimic

a frequent real-world occurrence and to prevent participants from being aware that

the reaction would occur.

Upon completion of the prebrief, participants were instructed to begin the simu-

lation when ready. At this point, participants work through the scenario, gathering

information about the patient, explaining the procedure and preparing supplies.

Upon reaching the PIVC insertion portion of the study, participants would insert

the PIVC and administer fluids to the patient, where symptoms begin to develop.

Participants who did not notice or address the patient’s allergic reaction in some

way, were redirected to the scenario by the experimenter. These participants were

asked to describe what they would do next and what they thought was happening.

Once the scenario was complete, participants filled out various questionnaires, which

included Likert scale, NASA-TLX, and CLECS based on their experience. After the

completion of these questionnaires, participants were given a debrief, which included

explaining the simulation and the reaction that had occurred.

3.3 Collected Data and Analysis

To evaluate and compare the use of each of the two simulation methods, participants

completed several questionnaires. The first was demographics, which was completed

before the study. As well, after task completion, the NASA-TLX questionnaire
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(which collects task loading, a measure of perceived effort and performance) [61] and

the CLECS (Clinical Learning Environment Comparison Survey) questionnaire [62].

The CLECS is a survey developed to evaluate how well clinical simulations were

meeting the needs of nursing students, looking at aspects such as caring, interacting

and prioritizing the patient, how learners felt about their own abilities, etc. [62].

Questions for the CLECS are asked on a 5-point scale. Following practice and

previous work [2] we omitted questions that were irrelevant to the study. The version

of the CLECS can be found in Appendix A.2.1.

An exit questionnaire consisting of Likert scale (see Appendix A.2), as well as

written long-answer style questions, was also completed (see Appendix A.2.2). Par-

ticipants’ use of the system was also observed and notes were taken by the exper-

imenter. Both observations and long-answer questions lead to a high volume of

qualitative data.

For observations, discussion with participants, and free-text comments on the

questionnaire, we employed a commonly used method in HCI research to evaluate

qualitative data, affinity diagramming [63]. In affinity diagramming, themes are

created based on similarities found in the data [63]. Affinity diagramming requires

researchers to write affinity notes based on the collected data. These affinity notes

take the form of sticky notes and are often colour coded for each participant, allowing

researchers to quickly identify how frequently a comment or observation occurred for

each participant [63]. These notes typically contain comments or observations noted

by the researcher, such as issues that were encountered or insightful comments. Upon

creating these affinity notes, clustering is performed where the notes are grouped

together based on similarities to identify themes. In this case, one research who was

the experimenter created the notes and performed an initial grouping. Themes are

named and described, using notes to exemplify them. These were then explored in

several meetings with another researcher, which resulted in mutually agreed-upon
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splitting of themes and creation of new themes, a process which continued until the

themes stabilized, where no further changes were required.

Descriptive statistics and hypothesis testing (using the Mann Whitney U test)

were conducted for all questionnaire data. Data processing and analysis were com-

pleted using JASP 0.19.3.0.
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Chapter 4

Results and Discussion

This chapter is organized first by presenting and describing the themes found in the

qualitative analysis, followed by the statistical analysis of the questionnaires.

4.1 Description of Themes

Seven themes were identified. Each theme is first briefly described, followed by

a description of observations and feedback from participants that characterize the

theme, and finally, each theme is discussed. Direct quotes from participants are

indicated as P# for comments from student nurses, and PI# for those from current

nursing faculty members.

4.1.1 Theme 1: Reactions and Intervention

The first theme identified was Reactions and Intervention. This theme describes

participants’ abilities to identify the patient’s symptoms, and take action on them.

For both conditions, participants were able to identify and respond to the patient’s

symptoms, they were also able to recognize potential complications the patient was

experiencing.
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4.1.1.1 Observations of Theme 1

All participants were able to identify at least one symptom regardless of the condi-

tion; coughing and shortness of breath were noted by all. However, participants in

the MR condition were able to recognize a symptom that was not present within the

SP condition, which was the emergence of hives. While participants easily identified

the hives, no participants within the MR condition noted that the virtual patient had

dilated pupils. Despite the dilated pupils going unnoticed, most participants within

the MR condition immediately stated the patient was experiencing anaphylaxis right

after the coughing and rash had begun. All participants in the SP condition took

longer to arrive at this conclusion, likely due to the lack of hives as a symptom. As

well, for the SP condition, a participant commented that having the patient develop

hives would have improved the scenario’s realism significantly, as hives are very com-

mon with anaphylaxis; however, they noted this would most likely not be possible

for the SP to replicate (PI10).

Regarding the medical emergency, at least one participant within each condition

had initially thought the allergic reaction was anxiety or that the patient was nervous.

This included at least one participant in the SP condition asking if the patient was

feeling nervous or anxious when the symptoms began. Similarly, a participant in the

SP condition noted they initially thought the reaction was the patient being anxious

(P6). This participant attempted to end the scenario and had to be redirected by

the experimenter; they stated that being redirected made them realize that it was an

allergic reaction instead of anxiety. Despite some participants thinking the reaction

was anxiety at first, all participants were able to list an allergic reaction as the likely

medical emergency.
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4.1.1.2 Discussion of Theme 1

We observed clear differences in what participants were able to notice and identify

between the two conditions. For the MR system, participants were able to pick up

on and use the visual cues that were not possible for the SP to replicate, such as the

rashing and hives. These symptoms/visual cues are common in the real world and

were likely what allowed participants who used the MR system to quickly vocalize

that an allergic reaction was occurring, cementing for most that the patient was not

simply anxious. However, dilated pupils, which were an additional symptom in the

MR system, went unnoticed. This could have been caused by the headset’s visual

clarity or by the prominence of the rashing, making the secondary clue unneces-

sary. Despite some symptoms going unnoticed, their presence within the system can

still be important to provide additional learning opportunities, especially through

repeated use of the system. Instructors can guide students to look for additional

clues, illustrating their importance when identifying medical emergencies.

It is clear that both the MR and SP methods allowed students to observe the

patient and identify potential medical emergencies based on the visual cues/symp-

toms. Symptoms that were presented within both systems (coughing and shortness

of breath) were noticed by all participants, indicating that the virtual patient did

not hinder the learner’s ability to recognize symptoms and complications. However,

the SP method is limited significantly by the inability to replicate certain symptoms

associated with a medical emergency, such as facial drooping for a stroke patient

[2], or in our case, hives for a patient experiencing anaphylaxis. Symptoms such as

these are often referred to as hallmark symptoms or signs, meaning they are defining

symptoms of a particular medical emergency [64, 65]. Omitting a hallmark symptom

can create confusion, as learners might be unable to discern what medical emergency

is occurring. This was evidenced in our study, where participants interacting with

the SP were more likely to ask the patient questions about anxiety once the reaction
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started. Whereas users of the MR system vocalized the emergency as anaphylaxis

immediately after seeing the hives. These symptoms that are present within both

methods closely mimic those of someone experiencing anxiety; however, the system

was not designed to create this confusion, and was only apparent in the SP condition,

and not the MR condition.

This type of flexibility to include accurate symptoms is a major benefit for the use

of a virtual patient. This flexibility makes it possible to include as many symptoms

as needed for a specific scenario, allowing for symptoms to be presented similarly to

how they would be in the real world. Additionally, having the ability to omit cer-

tain symptoms where necessary allows scenarios to be tailored towards the learner’s

abilities.

4.1.2 Theme 2: Consistency, Flexibility and Realism of the

Patient

The second theme relates to the consistency, flexibility, and realism of both patients.

This theme focuses on the patient’s ability to provide a uniform experience for all

learners and learning sessions, and their ability to adapt to learner behaviour and

style.

4.1.2.1 Observations of Theme 2

Recall that the SP had extensive acting experience and was trained with guidance and

feedback from nursing faculty members, which included training sessions and pilots.

For most participants, the SP did not vocalize some portion of the scripted reaction,

such as stating they were itchy or that they were having difficulty breathing, leading

to inconsistencies between learners. At least once, the SP forgot some aspect of the

patient’s personal information, which included providing the wrong date of birth.

Some participants also had to be redirected to the scenario by the experimenter as
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the actor was slow to start exhibiting the anaphylaxis symptoms (the SP was meant

to demonstrate symptoms after a few seconds based on how onset actually occurs

[66]). Similarly, at least once, the SP was nonchalant or calm while stating they were

itchy or having trouble breathing.

Throughout the study, the SP was required to improvise, responding to how the

participant worked through the scenario. Most participants engaged in additional

conversation with the SP beyond what was required within the provided steps. In

these cases, the actor was able to react to small talk on the fly, such as being asked

where they worked, further increasing realism. However, this may have led the

SP to skip over important scripted elements of the interaction. Other examples of

improvisation included the SP being asked if the PIVC site was where the itchiness

was occurring, and the SP responded that they were “hot all over”. As well, at

least one participant pretended to call the doctor and describe what the patient

was experiencing. At this point, the SP was able to increase their symptoms, such

as coughing prominently. Similarly, most participants asked the patient about their

experience with PIVC insertions and their dislike for needles. The response provided

by the SP varied between participants, stating only in some instances that they had

never had a PIVC before.

Lastly, all participants within the MR condition commented positively on the

realism of the virtual patient’s symptoms, which included some participants indi-

cating they forgot it was a simulation and were concerned for the patient. Some

participants in the MR condition made frequent, positive comments on multiple fea-

tures of the patient, focusing on visual fidelity, dialogue and responses. As well,

most participants commented positively on their communication with the virtual

patient, finding it to be realistic. One participant within the MR condition stated:

“In comparison to class where we only had the simulation arm, this simulation was

able to go further in depth and have real-life reactions” (P3). As well, at least one

30



participant in the MR condition commented that the pace the reaction occurred was

similar to real life, forcing them to act fast and think critically. Another had found

the symptoms were portrayed quite similarly to how they would in a real patient.

At least one participant commented on the patient’s aversion to needles, stating it

was great being exposed to something they would actually see in clinical rotation.

In comparison, some participants within the SP condition also commented posi-

tively on the realism of the reaction and communication. However, most participants

commented at least once that the SP was unrealistic in some way. This included

comments, such as one participant stating that they found the scenario “relatively re-

alistic” (P6), indicating it is difficult to fully act out this scenario and its symptoms.

As well, another participant stated the patient’s communication “... was realistic. In

terms of assessment skills when recognizing signs of complications, then the realism

and accuracy inherently goes down”(PI10).

4.1.2.2 Discussion of Theme 2

With the SPs extensive acting and theatre experience, as well as substantial in-

put and guidance from nursing professors, and several rehearsal sessions and pilots,

the SP was able to provide a flexible experience for learners. This flexibility was

evidenced by the SPs’ ability to improvise and provide responses that were accu-

rate for the patient they were representing. As well, the SP was able to adapt the

level and point at which the reaction occurred based on how quickly the student

was working through the scenario. The actor was also able to adapt to how the

learners engaged with the scenario, even when they deviated from the prescribed

steps or performed them in an incorrect order. Despite this training and existing

experience, we did observe inconsistencies in the experience that the SP was able to

deliver between participants, which is consistent with findings from past studies [67]

and we expected despite the SPs extensive preparation. In the case of our study,
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these inconsistencies included forgetting the patient’s personal details, not vocaliz-

ing some portion of the reaction, developing symptoms at an unrealistic rate, as well

as providing dialogue that was inconsistent between learners. Regardless of these

inconsistencies, the SPs ability to respond dynamically to the patient and improvise

benefits the learner by providing an experience that is similar to what they would

encounter in the real world. Nurses encounter a wide variety of individuals and med-

ical emergencies, meaning one situation will not be the same as the next. Having

this type of flexibility that the SP provides allows for experiences that are different

from the next. Similarly, flexibility in a learning environment is important as it is

common for learners to perform tasks in the wrong order, and say something or do

a task incorrectly.

This same flexibility is not present within our MR system, as the responses pro-

vided by the virtual patient are consistent regardless of how the user interacts with

the patient and system. This could cause interactions with the patient that the

system is not expecting, decreasing realism due to the patient not replying, or pro-

viding responses that do not make sense. However, this consistent experience can be

beneficial as providing a standard learning experience between learners and learning

sessions can provide the same foundational knowledge, leading to skill development

that can be easily measured, as well as general quality of skill development [68].

Consistency is especially important in both academic and medical settings, as incor-

rect learning of patient communication and procedures could lead to harming the

learner and patient, due to incorrect skill development or bad habits. For example,

this type of consistent experience could be used as an accreditation tool, as these

experiences would take out any variation that could impact the outcome (especially

when compared to an actor), allowing for easy and fair testing.

The rigidity of the MR system could be addressed while also preserving the con-

sistent experience provided to the user through the use of tuned LLMs [69]. By using
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AI, responses can be generated even if the user were to speak or interact with the

system in a way we did not expect, increasing realism. However, even with the use

of AI, set responses and rigid scenarios (as implemented in our scenario) can still be

provided within the system, allowing for a learning experience that can provide a

high level of realism, with the ability to provide a consistent experience. Similarly,

both the SP and MR methods can expose the patient to different patient types and

medical emergencies. In the case of the SP, this would require consistent training,

especially when implementing a new scenario, which could cause the realism and

accuracy of the SP to decrease, as well as increase the cost of using this method. In

this case, relying on an SP to manage a wide variety of scenarios and patient profiles

could reduce their ability to provide a consistent and accurate experience. Simi-

larly, exposing nursing students to underrepresented groups, and infrequent medical

procedures and complications can be highly beneficial in preparing students for the

real-world, promoting inclusivity, improving confidence and patient outcomes [40].

However, in this case, it might not be possible for a specific SP to represent some of

these groups. Our MR system would be flexible in this case, allowing for different

virtual patients to be created that would represent a wide variety of different pa-

tients and patient profiles, while still providing an accurate and consistent learning

experience.

4.1.3 Theme 3: Applying the Simulation Method to Nursing

Education

The next theme identified related to the implementation of the SP and MR methods

within nursing education. This theme focuses on the feasibility of using both train-

ing methods and the participants’ willingness to incorporate them into their own

education.
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4.1.3.1 Observations of Theme 3

When asked about using these simulation methods for training in observation and

identification of medical emergencies, most but not all participants within the SP

condition stated they would use this type of simulation again, compared to all within

the MR condition. A participant within the MR condition stated that having “more

exposure to medical emergencies like this before coming in contact with a real person

is extremely beneficial” (P1). Similarly, a participant within the SP condition stated

they were not expecting an allergic reaction and “had to respond on the fly and

consider what my actions would be faced with a similar situation” (P6). Conversely,

at least one participant within the SP condition was unsure. One of these participants

went on to state that the “suspension of disbelief has to increase on the part of the

participant” (PI10), as there were no visible changes in the SP patient’s condition

(i.e., the hallmark symptoms—hives—were not present). They went on to state the

“participant is only relying on the verbal communication from the client, which no

longer [aligns] with the physical presentation” (PI10).

Regarding further use of the system for training in patient communication and

observations, most participants within both conditions stated they would like to use

the simulation methods again. A participant within the SP condition stated that

the method was “helpful to walk the patient through what I was going to be doing

and to observe the patient for adverse reactions to the procedure” (P6). Similarly,

a participant within the MR condition stated: “I loved that I could interact with

the patient and work through a VR simulation, which put different aspects of my

nursing training and knowledge to the test” (P2). Another in the MR condition

stated they would use the system for further training “because it guides you on [the

step-by-step] process of what to do and prioritizing patient’s comfort” (P4).

At least one participant in the SP condition said they hoped SPs combined with

task trainers would see further implementation in nursing education. Conversely,
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over half in the MR condition hoped that this new simulation method would be

implemented in nursing education. A participant stated that the MR method “is

an amazing development in technology that can greatly benefit nurses and nursing

students in practicing their skills and gaining more confidence in their abilities” (P2).

As well, all participants within both conditions stated they would use this type of

system to practice other procedures and scenarios. A participant in the SP condition

stated that they would like to use the system for scenarios “such as medication

administration (someone who may want education in what they are taking) or for

more emergent cases, such as respiratory distress, signs of heart attack, stroke” (P8).

Similarly, in the MR condition, a participant stated, “most times we practice once

and then are sent to clinical, expected to practice these skills. Utilizing systems such

as this one to help train our upcoming nurses and even to refresh on basic skills

for seasoned nurses, in my opinion, would ... really put our critical thinking and

communication skills to the test” (P2).

One participant stated they would love to use the MR simulation method again, as

they were able to identify where they needed to improve (P3). Similarly, we were able

to gain direct feedback from some participants on the use of the SP in an educational

setting. For example, at least one participant within the SP condition commented

that having a task trainer sitting next to a real person can cause issues where the body

parts are no longer associated with a real person, as they are not visually connected.

It was also suggested that this could lead to the same dissociation with a real patient,

possibly causing empathy issues. Additionally, at least one participant stated that

using an actor within nursing education for multiple students is unrealistic due to

cost, training and availability of the SP, as well as actors being inconsistent.

Over half of the participants within the SP condition were observed or reported

themselves as being nervous, scared or rushed while having an actor in front of them,

this included one participant telling the SP they might be nervous since they are a
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student nurse, and that they were more nervous performing the PIVC insertion in

front of the SP (P8). Some participants in the SP condition were worried about being

watched or judged while making mistakes. Conversely, only one participant within

the MR condition was observed as being nervous; this persisted for this participant

for the duration of the study. At least one MR participant stated they liked not

having an instructor staring at them while they worked through the scenario.

4.1.3.2 Discussion of Theme 3

Exposing learners to medical emergencies through simulation can not only help im-

prove the students’ confidence, but it can also prevent them from becoming over-

whelmed when faced with such situations in the real world [70]. In the case of the MR

condition, participants indicated they felt the system would help to improve their

confidence, and forced them to think on the fly, just as they would when presented

with these situations on the job. Participants in the MR condition also indicated

that the system could help nurses prepare before encountering these situations in the

real world. Some in the SP condition were not sure if they would use the approach

again. A participant who was unsure stated that the “suspension of disbelief” has to

increase for the user, referring to the learners’ ability to ignore obvious limitations,

believing it to be realistic [35]. This participant referred to the mismatch between

the reaction and symptoms. Recall, that the SP stated they were itchy, however,

no rash or hives were present, as it was not possible for the SP to replicate these

symptoms. The suspension of disbelief in this case could prevent the learner from

being fully immersed in scenario, requiring the learner to consciously imagine the

symptoms. This is one aspect where the MR system had clear advantages, as symp-

toms were carefully designed with feedback from nursing professors to closely match

actual presentation and onset.

Participants within both conditions stated they would use their simulation method
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to practice other procedures and scenarios. Most in the MR condition were hopeful

that the system would be implemented within nursing education, and some were

disappointed that this system was not available when they were first learning these

skills. One participant stated that they often only get one attempt to complete a

simulation with an SP, however, they noted that with the MR system, it would be

possible to practice continuously. The use of an SP is a limitation in this way, as it

is often only possible for students to work through a simulation while the SP is avail-

able for a class, meaning students will only get one attempt due to reasons related

to cost, availability and the number of students in a given course. With our MR

system, it would be possible for institutions to make MR headsets and task trainers

available to students with multiple different scenarios, allowing students to repeat

scenarios they are struggling with. Nurses could also make use of these types of

systems as a refresher, simply requiring the availability of an MR headset and task

trainer, without the need for someone to find and train an SP. Similarly, as stated

in the Reactions and Interventions theme, having SPs deliver a variety of simula-

tions that focus on different emergencies and complications would be challenging.

Specifically, requiring an SP to know multiple scenarios could have a negative effect

on the quality of the simulation, as well, training and employment of SPs can be

expensive. In this case, our MR system would easily be adapted to multiple different

scenarios and patient profiles. This might require a trained voice actor and anima-

tions; however, certain elements, such as dialogue, assets or animations, would be

reusable between scenarios, reducing cost. As well, in the case of creating additional

MR scenarios, a one-time cost would be required, rather than continuous training

and employment of an SP.

Participants within both conditions also spoke about the simulations they had

experienced within their education. Participants indicated that most simulations

requiring patient communication made use of peers or the instructor in the SP role.
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Often, their instructor was sitting behind a curtain, speaking to them when required

during the scenario. These methods were cited as making some participants nervous,

scared or rushed. Additional stress in this way has been shown to impact students’

performance in nursing roles [71]. Participants indicated they felt more comfortable

and confident speaking to the virtual patient compared to when they had to interact

with a trained SP. This included a participant in the MR condition, citing this as a

reason they would like to continue to use the system, as they were less afraid to make

mistakes. While allowing the instructor to watch students complete a simulation

would be beneficial to provide feedback to the student and for grading purposes,

participants feeling uncomfortable while completing the scenario would take away

their focus from completing the task correctly. Instead, this type of system could

allow for the instructor to view recorded attempts the student made, allowing for

feedback to be provided or the attempt to be graded, reducing the pressure of being

directly watched. As well, the system could also allow for the instructor to remotely

view attempts live, when required. Both of these methods would allow the instructor

to view the students’ work while also allowing the students to work on their own.

Similarly, at least one participant felt that they were more aware of the areas

they needed to improve after using the MR system, indicating this is not something

that normally happens for them after completing a simulation scenario. This benefit

could have been provided by the realism of the scenario as well as the fact that the

users did not feel the pressure of being observed by an instructor, allowing them to

spend more attention on reflecting on their experience.

The comment from the SP participant on the disconnection between the body

of the SP and the task trainer arm was interesting, as having this visual separation,

in addition to affecting immersion, might make it more difficult for the learner to

empathize with the patient, which is something one participant mentioned being able

to do with the virtual MR patient. A wearable device, such as the AVstick (a sleeve
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with embedded sensors that allows for PIVC insertion to be performed on an SP

[37]), removes this separation as the device is worn over the arm. Our MR system,

using a passthrough window, creates close integration of the trainer arm with the

patient, potentially improving realism.

While most participants in the MR and SP conditions were happy with the level

of communication in the scenario, some in the MR condition stated they would only

use the system again to practice patient communication if additional dialogue was

added. Participants found that the scenario did not give them enough opportunities

to practice this skill. However, since the participants indicated the patient, symp-

toms, and communication were realistic, this could be a simple addition to provide

alternative, randomized or branching dialogue to provide additional opportunities to

practice the skill in these scenarios. However, the use of AI could also help by allow-

ing the user to speak to the patient at any time, where the patient would respond

realistically for the given scenario [69].

4.1.4 Theme 4: Self-talk

Theme 4 relates to self-talk. Self-talk is statements directed at one’s self that function

as an instruction or motivation [72]. Self-talk is typically viewed as internal dialogue,

that is positive: “you can do this” or negative: “I am so bad at this” [73]. This

dialogue, however, does not have to be internal, and is not solely negative or positive.

In the context of learning and education, self-talk can not only include instructions

or next steps that must be taken, but can also include noticing and commenting

on our own mistakes [74]. Self-talk and voicing our own mistakes in this way can

provide many benefits in a learning context. Positive motivational self-talk can help

to boost confidence, reduce stress and anxiety, promoting learning [75]. Whereas

negative self-talk can have consequences on learning and learning outcomes, as well

as decreasing motivation [76]. Similarly, voicing mistakes in this way can help make
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us more aware of mistakes we are making, helping to prevent them from occurring

again [74]. In the case of our study, participants within both conditions were observed

engaging in self-talk and voicing their own mistakes in multiple instances.

4.1.4.1 Observations of Theme 4

Although participants were not specifically instructed to engage in self-talk, instances

of self-talk occurred in both conditions. Most participants within both conditions

talked to themselves as they worked through the scenario, which included reading

steps out loud, commenting on changes to the patient’s status, expressing concern

for the patient, as well as talking through what they needed to do next or how they

were going to accomplish the next step. Similarly, some participants within each

condition were able to voice their mistakes as they occurred. For the SP condition,

instances of voicing mistakes included one participant voicing that their tegaderm (a

transparent dressing to cover the IV insertion site) was put on horribly (P6), as well

as another participant voicing that they left the tourniquet on too long and that the

cannula might not have been in far enough (P8). Instances of participants voicing

their mistakes within the MR condition were similar. One participant skipped a step

because they moved through them too quickly, they also made it clear that there

were issues with how the PIVC was inserted (P5). Another commented on the task

trainer’s skin bubbling and wanted to know if this happened to others, they also

noted a mistake in the order they completed the steps, as they did not put on gloves

at the correct step (P4). Despite motivational positive and negative self-talk being

common, instances of each were not observed in this study, however, this type of

self-talk could have occurred internally.
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4.1.4.2 Discussion of Theme 4

Talking to ourselves while learning can improve focus, problem-solving ability and

memory retention [72]. Although the specific self-talk varied between conditions, the

underlying types of self-talk were consistent for both conditions. Much of this self-

talk that was observed included participants talking through what they needed to do

next or how they would accomplish their next goal, a type of instructional self-talk.

Participants also frequently used self-talk when they noticed changes to the scenario

or the patient, such as the development of symptoms or new instructions being

displayed. Importantly, when learners voice their own mistakes, it can be essential in

gaining an understanding of areas where improvement is required. Further, noticing

mistakes can help the learner become aware, potentially avoiding these mistakes

in the future. Both conditions were able to provide similar occurrences of self-

talk, meaning these benefits were not restricted to either condition. Despite these

instances of self-talk, motivational self-talk was not observed in this study. However,

instances of internal self-talk were not collected, meaning other forms of self-talk

could have occurred.

4.1.5 Theme 5: Patient Interactions

This theme describes interactions that the participants had with both the virtual

patient and the SP. Observations and commentary on interaction frequency, tone

and type are discussed in this theme.

4.1.5.1 Observations of Theme 5

Both conditions had a set of interactions that were required to successfully complete

the scenario. For example, asking the patient for their name and date of birth.

All participants within both conditions successfully interacted with their patient,

covering all required points. Participants in the SP condition did not follow the order
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of interactions in the provided scenario steps, but they did for the MR condition (as

enforced by the system). As well, most participants within both conditions were

polite and professional in their conversation with the patient; participants were also

empathetic, concerned and apologetic. However, some participants within the SP

condition appeared awkward and nervous while speaking to the SP, being silent for

extended periods of time.

Participants within both conditions were also observed interacting with the pa-

tient more frequently than was required, including engaging in small talk, which

included asking the SP about where they work. Some additional conversations that

occurred within both conditions included the participants encouraging the patient

when presented with their fear of needles, though this was observed more frequently

in the MR condition. In the case of the SP condition, this type of interaction mostly

consisted of simple dialogue, such as “the worst part is over”, where those in the

MR condition were observed suggesting ways to cope, even offering to get a stuffed

bunny or stress ball for the patient (even though these were not actually available)

(P4). As well, a participant in the MR condition frequently told the virtual patient

they were doing a good job, as well as stating “we are gonna take this out, and look

at that, there is the needle, you don’t even have a needle in your arm anymore”, in

an attempt to relax the patient (P3).

Additionally, all participants explained the procedure to the patient as instructed

within the simulation steps, however, most participants within both conditions ex-

plained each part of the procedure as they were completing it, staying engaged with

the patient through the scenario. Despite the pre-determined response provided by

the MR system, participants still explained the procedure, encouraged the patient,

and engaged in other conversations. However, one participant did not speak with

the virtual patient frequently; it seemed they were aware they were not receiving

responses to certain dialogue, making them frequently silent (P5).
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4.1.5.2 Discussion of Theme 5

Patient communication provides benefits, improving the overall experience for pa-

tients, frequently reducing feelings of anxiety and pain [14, 15, 16]. When it comes to

patient communication, nurses often engage in small talk, explaining the procedure,

collecting patient information, as well as caring for the patient by checking in on

them, and suggesting ways to alleviate pain or stress. This type of ‘bedside manner‘

training is a main advantage classically associated with standardized patients over

alternatives like task trainers [4]. Overall, participants interacted with the patients

more than was required, and the interactions were polite and professional. Partici-

pants also interacted with the patient more frequently than was required to complete

the scenario. Even though participants came to understand that the system could

not reply outside of its scripted interactions, participants frequently explained what

they were doing at each stage to the virtual patient. This is an important obser-

vation, because one concern for this type of ‘fixed dialogue’ system is that learners

would recognize or think of the system as a more passive and dumb system, meaning

it might not occur to them that they should explain each step, despite that being

part of the practice that has been trained. The nursing participants seemed to treat

the virtual patient just as they would any other person. This is with the exception

of one participant, who kept only to the required interactions, and explained fewer

of their actions to the patient. This is an important consideration for the design of

such virtual simulations. While the system could remind or even enforce ongoing

explanations from learners (say through voice recognition), it might be better to

make the virtual patient provide evidence that helps the learner think of them more

like a real patient. For example, scripted utterances from the virtual patient, might

include small talk that could encourage ongoing interaction with the user. We are

also exploring how recent AI/LLM services could be used to enhance opportunities

for small talk and explaining procedures, allowing the patient to ask questions about

43



what is happening, if a learner is not doing a good job with their explanations.

Providing the virtual patient with different personalities and questions can allow a

learner increased exposure to different types of situations, and improve the realism

of the scenario.

In the case of the SP, some participants were awkward, shy or nervous, making

their conversation unnatural with the SP at times. This type of nervousness is not

uncommon for the SP approach, and can be attributed to a lack of self-confidence or

fearing being judged by the SP [77]. This type of nervousness might distract learners

from focusing on the scenario and gaining relevant experience. The complete absence

of this type of issue in the MR condition is a major benefit for our approach of using

a virtual patient. The virtual patient, better allowed participants to focus on the

scenario and have natural, appropriate interactions without being nervous, which in

turn would support transferable learning experiences [77].

4.1.6 Theme 6: Visual Fidelity and Occlusion

In this theme we describe visual fidelity and occlusion issues that were present within

the MR scenario, but not the SP scenario. We also describe issues related to the

Quest 3 (the specific MR devices used).

4.1.6.1 Observations of Theme 6

While wearing the headset, participants experienced several issues with visual clarity

and occlusion that the Quest 3 headset provided. First, were issues being able to see

the tip of the needle used in the PIVC. When inserting a needle, the orientation of

the bevel is typically an important factor. In the case of PIVC insertion, the needle is

most often inserted bevel-up, as this method can reduce the risk of complications, and

pain [78]. Over half of the participants who made use of the MR system commented

on issues viewing the needle with the headset on. Participants indicated it was
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difficult to identify if the bevel was up or down while wearing the headset. Similarly,

over half of the participants in the MR condition commented that it was difficult to

read the patient chart and view the supplies they needed for the scenario, stating it

was blurry and difficult to see. A large font was used for the patient chart, however,

most participants still had issues reading it. Similarly, the font present on the medical

supplies was significantly smaller, causing a participant to look downwards through

the gap created around the nose area of the Quest 3 in order to try and read without

looking through the display (P1). One participant stated it was “tricky with the

headset on ... Reading the chart, I felt I needed to have it very close to my eyes

before it came into focus” (P3).

Another issue was related to the occlusion of real-world objects by virtual infor-

mation displays. At least one participant had issues viewing their hands with the

headset on due to the hand overlay provided by the Quest 3. This overlay is used

to help illustrate where a user’s hands are. This is useful when the user’s hands

are behind objects, occluding them from their view. However, this means that the

user’s real hands can become obstructed by this overlay, and potentially occlude

items in the user’s hand. This is also the case with the virtual patient, who, is al-

ways displayed over top of the physical world. This lead to some participant losing

their physical supplies behind the virtual patient. We additionally observed that

participants were unable to see items that were in their hands when held in front of

their face, as the patient’s body would occlude their hands unless they turned away

or held their hands lower or higher. A participant stated, “at one point I could not

really see my hands and what I was picking up on my actual table with supplies,

which made it a bit more difficult to complete the task” (P2). Another participant

stated, referring to the hand overlays: “I guess because of the VR trying to give me

hands ... It’s just kind of hard to see where my fingers are... just considering I am

using something sharp ... When I am over his body, I just can’t see it in my hand.
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I would have to bring my hand off his body to see where it is” (P1).

Most participants in both conditions had to move the task trainer arm signifi-

cantly while applying the tourniquet or inserting the PIVC; in some instances, this

was accidental. This was a concern when using the MR system, as moving the task

trainer or its stand would mean that the arm was no longer ideally aligned with the

passthrough window and the virtual patient. However, when this happened, partici-

pants were able to easily move the arm back into the original position. No questions

were asked regarding the passthrough window; however, this was not indicated as

an issue with the system by participants.

4.1.6.2 Discussion of Theme 6

Despite the recent improvement in MR devices related to screen and camera quality,

participants illustrate issues with the Quest 3’s passthrough quality. Many of these

issues relate to the clarity provided by the Quest 3’s passthrough cameras. This

meant it was challenging for the participants to read patient information, view the

bevel on the physical needle, as well as to insert the needle. Additionally, partici-

pants noted occlusion issues, as they were having difficulty viewing their hands and

physical items while facing the virtual patient, as well as the hand outline provided

by the Quest 3 obscuring their fingers. These issues present potential safety concerns

in this context, such as learners accidentally poking themselves while manipulating

the physical needle, or while trying to find items that are occluded. When applying

this system to other medical scenarios, these issues around safety could also present

themselves, such as suturing, removing sutures or stapes, surgical task, etc. These

types of tasks might require scalpels, surgical scissors, and other physical tools that

could harm the user if they are unable to properly view or find these items. Though

we did not observe specific safety issues occurring in our study, these concerns il-

lustrate that further visual fidelity is required in order for MR headsets to be used
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in this context. This being said, we believe that limitations with visual fidelity is

something that can be designed for. For example, patient charts and other medical

supplies could be labeled with QR codes or be identified using object recognition

from the headset. Recognizing the limitations of visual fidelity from the cameras,

higher fidelity digital information could be overlaid, making it easier to read. This

could potentially be an approach for tools like the needle, albeit being more tech-

nically challenging, especially given the importance of the orientation of the needle.

While these issues should be dealt with thoughtfully in designing and evaluating new

MR simulations, it also could be that other MR headsets (e.g., Varjo XR-4 or Apple

Vision Pro) with better specs or future MR headsets may not have the same issues.

To mitigate issues related to occlusion, our system makes use of a passthrough

window where the virtual arm is placed to ensure the user is able to see the arm,

what they are doing when performing tasks near or on the arm, as well as to ensure

the task trainer arm is aligned with the virtual patient. Frequently, participants

need to move the arm for various reasons, such as applying the tourniquet or moving

the arm into an easier position for PIVC insertion. In these cases, this would cause

the passthrough window and the physical task trainer arm to become unaligned,

potentially decreasing realism and/or occluding the task trainer. Despite this mis-

alignment, participants were able to identify that the task trainer had moved from

the pass-through window, moving the arm back to its correct position. No negative

comments were made by the participants when this occurred, which illustrates that

these types of methods to mitigate occlusion can be useful. Even so, some other

procedures, might be more disruptive if the physical task trainer moved during the

simulation. For this reason, it may be important to make sure that physical task

trainers are secured.

The issues related to hand and item occlusion could be addressed programmat-

ically by creating dynamic passthrough windows. In fact, some MR headsets (e.g.,
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Apple Vision Pro) provide dynamic passthrough windows for the hands by default

by tracking them with cameras for this very reason. This allows the hands to be

seen even when they are overtop of a virtual object. The tracking of objects may

also be feasible, but would likely not work in all situations. Another option is when

an objects is lost, our system could have a simple interface button that turns off the

virtual scene and just displays the passthrough, allowing the user to find physical

objects that were hidden by the virtual patient or other virtual display. Interest-

ingly, we did not see participants lose objects behind the physical task trainer arm.

We believe this is at least partially due to its physical embodiment. A main feature

of our MR system, is that it provides both the advantages of the physical with the

virtual. Participants can reach out in a virtual simulation, but are still able to touch

a physical arm. The physicality of the arm itself reminds people, as they move their

hands and bump into it to set things down, that they should not place objects on or

under the arm. The rest of our virtual patient did not have a physical embodiment

that users could touch, meaning that people could place objects on the table without

the same physical feedback. We believe that we could reintroduce a physical body

by using pillows and/or bolsters, or even a simple manikin, that would provide a

low-cost physical embodiment for the virtual patient that participants could reach

out and touch.

4.1.7 Theme 7: Improvements and Issues

The last theme identified focuses on improvements that were suggested for both

simulation methods, as well as issues that were identified during the study. These

suggestions surround additional features for the MR system, the scenario steps and

instructions, symptoms, the task trainer Gaumard S.M.A.S.H Advanced IV Training

Arm, as well as supplies.
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4.1.7.1 Observations of Theme 7

Firstly, at least one participant stated they thought the MR method was great and

required no improvements. Over half of those who participated in the SP condition

commented negatively on the realism and accuracy of the task trainer arm, this

included some participants indicating they would not use the system again due to

this. In comparison, this was only mentioned by one participant within the MR

condition (P1). Similarly, when asked about the skills developed through the system,

most participants within both conditions stated that the skills would transfer to

the real world. However, some participants within both conditions stated they felt

skills related to communication and observation would transfer, but those related

to inserting the PIVC would not. Participants indicated it was difficult to find the

vein, and that there were not enough options for inserting the needle (i.e., only two

veins within the task trainer insert), as well as the arm being generally low fidelity.

Although the task trainer arm had a variable heart rate and pulse strength that

allowed it to simulate blood flow, this feature was not used for this study. Some

participants suggested that utilizing this feature would have improved the realism

and usability of the task trainer arm.

Additionally, most of the participants strayed from the provided scenario steps

at least once during the scenario. Instances for both conditions included forgetting

to put on gloves, disinfecting the site for needle insertion at an incorrect point, as

well as completing other tasks in the incorrect order. Others required clarification

from the experimenter, such as asking if they could pretend to put the tourniquet

on. Some participants within both conditions stated that the steps and expectations

for the scenario should have been clearer, including clarity of steps around hand

hygiene and ordering of the PIVC insertion. As well, at least once, a participant

became unfocused on the patient reactions and responses as they were focused on

understanding what a step was asking them to do. For both conditions, participants
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were observed not knowing what to do next when the reaction began, as well as

once they had started to deal with the reaction. This included multiple participants

being directed back to the scenario by the experimenter. A participant within the

SP condition stated they struggle with “simulations sometimes because of the things

I don’t know ([like] what is part of the simulation and what is not)” (P6). For the

MR methods, at least one participant suggested a debrief be built directly into the

system. As well, some participants suggested the system should allow them to choose

how to deal with the reaction directly, as opposed to expressing it verbally.

Participants within both conditions experienced issues with inserting the PIVC.

Most participants within the MR condition had various issues stemming from the

needle not going in all the way, such as the arm skin on the task trainer bubbling when

a participant was flushing with saline. Some participants in the SP condition also

had issues with the insertion, requiring multiple PIVCs to complete the scenario.

In this case, some participants accidentally retracted the needle too quickly, even

before starting the insertion. Another was unsure how they worked, requiring three

PIVCs. Multiple participants within both conditions stated they had never used

the type of PIVC. One participant in the SP condition noted that their NASA-

TLX answer for performance was influenced by the use of these older PIVCs for

the study. Specifically, the two types of PIVCs differ in their methods to retract

the needle, as well as the newer models providing more space to hold the PIVC.

Similarly, some participants had only made use of one type of adhesive during their

education, meaning some of the adhesives used in this study were not familiar to

some participants.

4.1.7.2 Discussion of Theme 7

Participants within both conditions indicated that the task trainer arm was unre-

alistic. Despite most in the SP condition commenting on this, only one participant
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within the MR condition did. This participant in the MR condition had experience

using MR headsets and playing video games. However, others in the same condition

had similar PIVC experience levels as well as similar ranking of PIVC comfortability;

this participant specifically ranked their PIVC comfort level as “Neither comfortable

nor uncomfortable”. Similarly, those who commented on the task trainer realism

in the SP condition ranked their level of comfort regarding PIVC insertion as ei-

ther “Neutral” or “Somewhat comfortable”. It is important to note that the task

trainer was set up and used by participants in the same way for both conditions.

The difference in communication and realism between the virtual patient and the

SP could have caused those in the MR condition to focus more on the patient than

those in the SP condition. Similarly, those in the SP condition could have been

dismissive or not focused on the SP due to the perceived level of realism, as well

as the fact that having an actor in front of the learners was found to be stressful,

potentially causing the participants to focus on the PIVC insertion rather than the

patient communication. Participants expressed that setting the arm up with blood

flow could have improved the realism of its use. For this study, we did not simulate

blood flood despite it being possible with the task trainer that was used. The use

of a medical task trainer without simulating blood flow is still able to provide the

tactile feedback required for this type of skill, such as the required pressure to insert

a PIVC. However, by not simulating blood removes other common characteristics,

such as flashback and avoids some complications that could present themselves when

inserting a PIVC. For this study, achieving this level of realism for the PIVC inser-

tion was not the main focus. These issues with the task trainers’ realism would exist

for both training methods; however, further research on task trainers’ realism with

SP and MR systems is needed. Similarly, participants also expressed that it was

difficult to find the patient’s veins, as well as the Gaumard S.M.A.S.H Advanced

IV Training Arm not having enough options for veins to insert the PIVC. Higher
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fidelity task trainers have additional veins and locations for PIVC insertions, as well

as possessing more features, possibly addressing these issues related to task trainer

realism and usability.

To provide a standard learning experience and to prevent safety issues, it is

important for learners to follow the steps presented within these types of simulations.

We were able to observe participants in both conditions completing the scenario in an

incorrect order, as well as missing certain tasks. These instructions were presented to

the participants as a list in the order they were to be completed on a piece of paper

in the case of the SP. For the MR system, individual steps are shown with an image,

in the order it is to be completed, and steps that require dialogue are presented

with a microphone icon. For general instructions, we did not observe any differences

between conditions; however, in the case of patient interaction, participants in the

MR condition completed all steps that required communication with the patient in

the correct order. Even though the steps in the MR system are shown one at a time,

users were just as likely to complete a task in the incorrect order, however, steps

around dialogue did not suffer from this issue. This decrease could be caused by the

presence of individual steps with a microphone icon, meaning that participants were

likely to follow the step as instructed to ensure they were using the system correctly.

Nevertheless, none of the steps within our MR system were gated to a specific action,

meaning users could advance to the next step, even if they had not completed the

previous. Similarly, participants within both conditions required clarification or

became confused by some instructions. As well, some participants also hoped for

further clarity around steps and expectations of the simulation, stating it is difficult

for learners to know exactly what is assumed within a simulation, illustrating the

need for careful consideration when creating instructions for these types of scenarios.

Completing tasks in the wrong order for both could have been caused by some

of the steps being confusing to the participants, especially since issues with steps
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were based mostly around the hand hygiene and PIVC insertion steps; however,

other cases were observed for both conditions. Those who had professional nursing

experience did not indicate that these steps were difficult to understand. Similarly,

the issues presented by Quest 3’s visual clarity, users straying from the scenario

steps, can have a negative impact on learning and safety. When completing these

types of tasks, there is often a “best” process that should be followed, such as PIVCs

being inserted bevel-up to reduce various risks and allow for better visualization of

the needle. In some cases, this process can be to protect the patient, nurse or both.

As well, working through a simulation without knowing what is expected can be

confusing to the learner, taking their focus away from completing the scenario and

performing tasks correctly. Similarly, strict adherence to these types of instructions

can also ensure that students’ progress can easily be measured, as a standard process

has been taught to all students.

These issues illustrate a need for clear instructions for simulations and students

at this level of their education. Future systems should look to gain direct feedback,

both from experts and instructors as well as from the learners that are most likely

to use these types of systems, to ensure the instructions are clear and appropriate

for the learners’ skill level. Similarly, with the use of computer vision and AI, this

system could be improved by gating steps, where the scenario will not advance until

a task has been completed correctly, such as specific dialogue occurring or applying

a tourniquet. This type of system could also be used to provide feedback to the

learner instantaneously once the scenario is complete. Though this restriction would

be difficult to implement for existing simulation methods, such as an SP, computer

vision could be implemented for these types of simulation to provide feedback and

restrict progress for the MR system.

As an additional method to help mitigate users being unfamiliar with specific

expectations of a simulation scenario, participants suggested that the system should
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have both a prebrief and a debrief, as both are commonly provided in a learning

environment for simulations. In the case of our study, both a verbal prebrief and a

debrief were provided before the study started and after it had finished. For both

conditions, the method of administering both the prebrief and debrief was the same

for consistency purposes. In this case of the debrief participants had already com-

pleted the scenario and questionnaires before the debrief was provided, meaning any

comments the participants provided regarding a debrief would not have this context.

In the case of the MR system, both the prebrief and debrief could have been built

directly into the system. For example, a video could be recorded by a course instruc-

tor for the prebrief and debrief, both of which could be integrated into the system’s

menu. This would allow instructors to track progress, ensuring these elements are

viewed by the students. By having both built into the simulation, learners can view

the prebrief and debrief many times, which would be especially helpful if participants

were working through multiple simulations in a short period of time, allowing them

to jog their memories on the expectations and steps of completing each. The MR

system could also allow for a virtual instructor to be used instead of a simple video

recording. By using a virtual instructor, similar to the virtual patient, participants

could easily observe their instructor virtually working through and explaining the

scenario, providing additional context and learning opportunities.

Similarly, participants also suggested allowing for the reaction to be dealt with

within the system, such as allowing the user to select how to deal with the reaction

within the system’s menu. This could have been suggested by some participants as

they were unsure what was expected of them once the reaction started, as far as how

much they should pretend to do compared to how much they should do to intervene.

This type of feature would need to be implemented with careful consideration, as

it could be too leading to the learner of what they might need to do next, limiting

learning benefits. For example, if only a select few options were given, it might
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guide the learner that an allergic reaction was occurring, instead of allowing the

user to think critically about what had occurred within the simulation. Instead,

virtual objects could be added to the scene that would allow the user to deal with

the reaction in a realistic and immersive way, without jeopardizing learning benefits.

For example, a virtual phone could be implemented within the scene, which would

allow the user to call the doctor when an emergency occurs, much like they would in

the real world. Similarly, further instructions could be included within the system,

especially in the case of the prebrief, to ensure that all expectations are made clear

to the user. However, consideration will also have to be taken to not provide the

learner with too much information, possibly taking away from other aspects of the

simulation.

Participants within both conditions also frequently commented on and had issues

with the supplies used within the scenario. This unfamiliarity, specifically with the

PIVC used for this study, was problematic for some participants, requiring them to

use multiple PIVCs often because they retracted the needle while manipulating it

or while trying to figure out how the PIVC worked. Visual fidelity of the Quest

3 did not seem to be a factor in these types of issues, as participants within both

conditions experienced these complications. These types of issues could break the

concentration of the learner if it is expected that they are competent and understand

the tools required before the simulation begins, as this break in concentration could

impact learning. These types of issues illustrate the need to carefully factor in the

competency level of the user when choosing supplies for simulations.

4.2 Questionnaire Analysis

Here we report the analysis of the CLECS, NASA-TLX questions, and the exit

questionnaire Likert-style questions. We again first present the results of the analysis,
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followed by a discussion of the results.

4.2.1 Results for Questionnaire Data

We present the results of each questionnaire in tables. Each table presents a para-

phrased Likert statement, followed by the median, mean, standard deviation, and the

results of a Mann-Whitney U test for statistical differences between the conditions.

Table 4.1 provides the results for the Clinical Learning Environment Comparison

Survey (CLECS). Overall, results of the questions differed little between conditions,

with the exception of the statement that the system supported an “Understanding

of the patient’s pathophysiology”. Participants rated the MR condition significantly

higher than the SP condition.

The results of the questions from the NASA-TLX can be found in Table 4.2; rated

on a 21-point scale. Here no question was significantly different between conditions,

however, the results for both conditions are positive.

The results of the Likert-style questions from the exit questionnaire can be found

in table 4.3, which are rated on a 7-point scale. None of the questions were sig-

nificantly different between the two conditions. However, for both methods, these

results indicate learning was supported.

4.2.2 Discussion of Questionnaire Data

The results of the statistical analysis must be looked at as exploratory. The sample

size in this study are small, and limit the ability to detect effects in the data. How-

ever, one question did provide a significantly different result. The question relating

to “Understanding of the patient’s pathophysiology” from the CLECS questionnaire.

Despite the small sample, the effect found does align well with the observations from

the study. In study, we found that participants had trouble confidently identifying

the condition of the SP, considering other possibilities like anxiety. In contrast, it
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was much easier for participants to get directly to the root cause of the emergency

in the MR condition. When symptoms started participants noticed the hives im-

mediately, allowing them to get to the allergy association much quicker and more

confidently. These observations are echoed in the CLECS questionnaire.

The fact that many questions did not show other clear differences can actually

provide good support for the MR system, as the results were generally positive for the

two conditions. While we expected the MR visuals to better support simulation of

symptoms, the potential benefits for other aspects of training with a MR simulation

are much less clear. Because of the rigidity of the MR simulation and the potential for

limitations and usability issues from the MR hardware and simulation application

itself, means that we would expect people to be sensitive to issues. However, we

find that despite the identified issues related to visual clarity and occlusion, these

were not major issues that were reflected in the NASA-TLX, CLECS and Likert-

scale questionnaire results. Given that the main motivation for our MR simulation

system was addressing the cost and logistical challenges of the SP system, we provide

good evidence that our system is both highly usable and as effective as a well-trained

actor, which is the gold standard training approach for patient communication skill

development.
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Table 4.1: Descriptive statistics and results of Mann-Whitney U test for Clinical
Learning Environment Comparison Survey (CLECS). Responses were measured on
a 5-point Likert scale (1 = Not Applicable, 3 = Partially Met, 5 = Well Met). Only
one question shows significant differences; The MR condition was rated significantly
higher for providing an “Understanding of the patient’s pathophysiology”.

median mean sd U p

Prepare to care for patient MR 4.000 3.800 0.447 11.000 0.821
SP 4.000 4.000 1.000

Understand patient’s pathophysiology MR 3.000 3.400 0.548 22.000 *0.041
SP 2.000 2.400 0.548

Identify patient’s problems MR 4.000 3.800 0.447 15.500 0.564
SP 3.000 3.600 0.894

Identify short- & long-term goals MR 3.000 3.400 0.548 13.000 1.000
SP 3.000 3.200 1.483

Interacting with patient MR 4.000 4.200 0.837 7.000 0.232
SP 5.000 4.800 0.447

Performing appropriate assessment MR 4.000 3.400 0.894 13.000 1.000
SP 3.000 3.400 1.140

Prioritizing patient’s care MR 4.000 3.600 1.140 11.500 0.913
SP 4.000 3.800 0.837

Implementing patient care plan MR 4.000 3.400 1.342 9.000 0.518
SP 4.000 4.000 1.000

Evaluating the effects of meds MR 4.000 4.000 0.707 14.500 0.734
SP 4.000 3.800 0.837

Assessing outcomes of care MR 3.000 3.600 0.894 10.500 0.734
SP 4.000 3.800 0.837

Recognizing changes in patient MR 4.000 4.200 0.447 12.000 1.000
SP 4.000 4.200 0.837

Taking appropriate action MR 4.000 3.800 0.837 11.000 0.825
SP 4.000 4.000 1.000

Reacting calmly to changes MR 4.000 3.600 1.140 8.500 0.443
SP 5.000 4.200 1.095

Knowing what to do if error made MR 3.000 3.400 1.140 12.500 1.000
SP 3.000 3.400 0.894

Being confident in decisions MR 4.000 3.600 0.548 11.000 0.817
SP 4.000 3.800 0.837

Feeling confident in abilities MR 3.000 3.200 0.447 7.000 0.232
SP 4.000 3.800 0.837

Improving critical thinking MR 4.000 4.000 0.707 12.500 1.000
SP 4.000 4.000 0.707

Feeling challenged MR 4.000 4.400 0.548 12.500 1.000
SP 4.000 4.400 0.548

Receiving immediate feedback MR 4.000 3.600 0.548 13.500 0.908
SP 3.000 3.600 0.894
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Table 4.2: Descriptive statistics and results of Mann-Whitney U test for the questions
in the NASA-TLX. Rated on a 21-point scale (1 = Very Low, 11 = Moderate, 21 =
Very High). No significantly different results were found.

mean sd U p

Mental Demand MR 11.800 4.868 13.000 1.000
SP 12.200 3.194

Physical Demand MR 6.400 3.782 9.000 0.528
SP 7.400 3.578

Temporal Demand MR 8.200 5.310 11.000 0.832
SP 10.400 4.159

Effort MR 11.600 4.506 12.000 1.000
SP 12.200 3.633

Frustration MR 10.000 6.442 14.500 0.753
SP 8.800 4.147

Performance MR 13.600 2.966 12.000 1.000
SP 14.200 3.564

TLX MR 9.233 4.278 11.500 0.916
SP 9.400 1.851
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Table 4.3: Descriptive statistics and results of Mann-Whitney U test for the Likert-
style questions from the exit questionnaire. Rated on a 7-point Likert scale (1 =
Strongly Disagree, 4 = Neutral, 7 = Strongly Agree). No significantly different
results were found.

median mean sd U p

Easy to communicate with patient MR 6.000 5.600 1.140 7.000 0.259
SP 6.000 6.400 0.548

More comfortable with communication MR 5.000 5.000 1.225 8.500 0.451
SP 6.000 5.600 1.140

More competent with communication MR 4.000 4.600 1.949 9.000 0.522
SP 5.000 5.400 1.140

I found the patient realistic MR 6.000 5.800 0.447 8.500 0.406
SP 6.000 6.200 0.837

I felt overwhelmed MR 2.000 3.400 2.510 11.000 0.827
SP 3.000 3.400 1.517

I felt engaged MR 6.000 6.400 0.548 15.000 0.600
SP 6.000 6.200 0.447

I enjoyed using this simulation method MR 7.000 6.400 0.894 15.500 0.564
SP 6.000 6.200 0.447

I found it easy MR 6.000 6.200 0.447 14.000 0.821
SP 6.000 5.600 1.673

More comfortable with complications MR 6.000 5.400 1.949 15.000 0.664
SP 5.000 5.200 1.304

More competent with complications MR 6.000 5.200 1.924 14.000 0.831
SP 5.000 5.200 1.304

I found it easy to perform MR 4.000 4.200 1.304 8.000 0.386
SP 5.000 5.000 1.225

More comfortable with PIVC MR 4.000 4.400 0.548 7.500 0.270
SP 5.000 4.800 0.447

More competent with PIVC MR 4.000 4.400 0.548 7.500 0.270
SP 5.000 4.800 0.447

Helped me learn MR 5.000 5.000 1.871 9.500 0.584
SP 6.000 5.800 0.837
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Chapter 5

Conclusion

5.0.1 Summary of Findings

Current research in the area of medical simulation through MR has primarily looked

at the use of VR as a standalone learning tool, without focusing on ‘hands-on’ skill

development. Other research has focused on enhancing manikins through projection

[2, 59]. Our study expands upon this existing research by enhancing medical task

trainers through MR, focusing on the physical skill development, as well as com-

munication and observations of the patient. When comparing our solution to the

standard SP method, usability was found to be similar; participants interacted with

the patients frequently and in a professional manner. However, the SP condition

suffered from issues related to consistency and realism. For our MR system, partic-

ipants were able to make use of the heightened realism and symptoms as a source

of information. Further, being able to easily repeat scenarios on-demand, was also

cited by participants as a big advantage for this type of simulation system.

Despite the positive findings, participants found that the Quest 3 did not provide

enough visual clarity to view the physical items required for the scenario. We were

also able to identify issues related to occlusion, both leading to concerns around

safety and accessibility. In terms of safety, this type of systems use will have to be
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carefully considered when applied to other areas, as user safety, as well as the safety

of others around, should be a priority. In the previous discussions we identified a

number of ways that these limitations could be addressed; and, that it is likely that

improved or alternative MR headsets may already mitigate some of the challenges.

Designers of systems like ours should ensure occlusion issues are mitigated in areas

with high safety risk, ensuring aspects such as high-risk equipment are visible at all

times.

5.0.2 Limitations and Future Work

Despite our study gaining direct feedback and observing the usability of the sys-

tem, our study is limited in a few ways. Firstly, all of the participants in our study

self-identified as female. Our study only compared against one existing simulation

method, the task trainer combined with the SP. Manikins were omitted from this

study due to reasons related to cost, access, and features, potentially negating any

benefits the manikins might have. Specifically, while high-fidelity manikins do ex-

ist, they are only able to represent a single patient when it comes to age, gender,

and race, without changing a number of components of the manikin, which can be

costly. Conversely, this type of MR system would easily allow for scenarios to be

created with different populations by changing the virtual patient, and task trainer

arm skin. Similarly, high-fidelity manikins are able to recreate a wide variety of

symptoms, however, manikins are not able to display all reactions and symptoms of

every medical emergency. As seen in our study, hallmark symptoms can be added

to simulations in MR, allowing for a realistic representation of many different con-

ditions, emergencies and symptoms. As well, past studies have found that learners

feel more comfortable interacting with an SP compared to a manikin, making the

SP and task trainers a primary focus in this study [3].

Similarly, learning outcome was not considered in this study as the focus was
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learning experience and usability. Future studies will look at the use of this type

of system against other existing medical simulators, such as the manikin, as well as

its use in other applications. Specifically, this study looked at nursing education;

however, this type of system could also see use in other medical applications, such as

dental or optometry, where physical skill development can be merged with a virtual

patient.

Past research has also shown that genders experience and interpret nonverbal

cues, and anxiety differently [79, 80]. This interpretation could lead to differences in

how different symptoms are perceived by different genders [79, 80]. For this reason,

future studies will also look to have a diverse group of participants in terms of gender,

with a larger number of participants.

Similarly, the use of AI for this type of system could address issues related to

unrealistic communication and could also provide opportunities for additional con-

versation with the patient. AI could also present opportunities for real-time feedback;

these studies should investigate the use of AI and learning outcomes with these sys-

tems. As well, future studies should also look at the visual fidelity of different MR

headsets for these types of systems, as well as occlusion, specifically looking to ad-

dress any issues surrounding safety in contexts that could cause harm to the user or

others.

The challenges around visual fidelity also bring up issues related to accessibility.

It is important to note that all participants in our study had normal or corrected-to-

normal vision, with most indicating they did not require glasses. However, for some

users, even having corrected vision through glasses could prove to be problematic,

as the Quest 3, even with the use of a spacer can only fit glasses with a width of

142mm or less and a height 50mm or less [81]. Prescription lens inserts are also

available for the Quest 3, but these types of products are costly and often have

limits, meaning those with stronger prescriptions are unable to make use of this
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option. These restriction means that those who require larger frames, cannot wear

contacts and have a strong prescription, would be unable to use this particular

headset. Similarly, those with other conditions that affect their ability to use MR,

should be also be considered. Recent research is exploring how MR can be made

more accessible [82], but future work in health simulations should also consider how

alternatives to MR may still be provided. However, a system like our MR system,

would make an ideal platform to more easily train SPs, when they are needed to

provide simulation for accessibility. An MR simulation provides a good way for

an SP to understand scenarios and to work through a set scenario and learn the

dialogue from the patient’s perspective. Exploring issues and ideas around accessible

simulation training is an important direction for future work, as MR is increasingly

being adopted for simulation [44, 60].

5.0.3 Conclusion

Simulators are commonly used for medical training and education. Manikins and

task trainers are the most prevalent simulators, each having their own set of limi-

tations related to cost, consistency, availability and features. In this study, we set

out to address some of these shortcomings that exist within these current simulation

methods by enhancing them through MR. The task trainer was chosen due to its lack

of a built-in method for patient communication, requiring the use of a trained actor.

A simulation was developed for the Meta Quest 3, featuring a virtual patient, where

the system guides the user through a realistic PIVC scenario. A between-subjects

study was conducted, where half of the participants interacted with a trained actor

while performing the PIVC insertion on a medical task trainer. The other half made

use of our MR system, interacting with the virtual patient as they completed the

PIVC insertion on the task trainer. Our qualitative analysis allowed us to illumi-

nate key themes based on the use of each simulation method. The usability of the
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two systems was similar; however, the SP condition suffered from issues related to

consistency, realism and symptoms that can be replicated. In the case of the MR

system, participants were able to make use of the heightened realism and symptoms

as a source of information, allowing them to quickly identify a medical emergency.

Participants also felt less awkward interacting with the virtual patient compared to

a SP. The MR system also suffered from issues relating to clarity, fidelity and occlu-

sion. Future studies should look at approaches that address the display limitations

of MR headsets, as well as explore how generative AI can be used to increase realism

and learning opportunities in MR simulations.

65



Bibliography

[1] Chukwuka Elendu, Dependable Amaechi, Alexander Okatta, Emmanuel

Amaechi, Tochi Elendu, Chiamaka Ezeh, and Ijeoma Elendu. The impact of

simulation-based training in medical education: A review. 103(27):e38813, 2024.

https://doi.org/10.1097/md.0000000000038813.

[2] Guoyang Zhou, Amy Nagle, George Takahashi, Tera Hornbeck, Ann Loomis,

Beth Smith, Bradley Duerstock, and Denny Yu. Bringing Patient Mannequins

to Life: 3D Projection Enhances Nursing Simulation. In Proceedings of the 2022

CHI Conference on Human Factors in Computing Systems, CHI ’22. Associa-

tion for Computing Machinery, 2022. https://doi.org/10.1145/3491102.

3517562.

[3] Marrit Meerdink and Joshua Khan. Comparison of the use of manikins and

simulated patients in a multidisciplinary in situ medical simulation program for

healthcare professionals in the united kingdom. 18:8, 2021. https://doi.org/

10.3352/jeehp.2021.18.8.

[4] Lisa Howley. Standardized Patients, pages 173–190. Springer, New York, 2013.

[5] Case Western Reserve University. Task Trainers. https://case.edu/

medicine/cscsimcenter/simulation-resources/task-trainers.

[6] Nicole Marsh, Joan Webster, Emily Larsen, Marie Cooke, Gabor Mihala, and

Claire Rickard. Observational Study of Peripheral Intravenous Catheter Out-

66

https://doi.org/10.1097/md.0000000000038813
https://doi.org/10.1145/3491102.3517562
https://doi.org/10.1145/3491102.3517562
https://doi.org/10.3352/jeehp.2021.18.8
https://doi.org/10.3352/jeehp.2021.18.8
https://case.edu/medicine/cscsimcenter/simulation-resources/task-trainers
https://case.edu/medicine/cscsimcenter/simulation-resources/task-trainers


comes in Adult Hospitalized Patients: A Multivariable Analysis of Peripheral

Intravenous Catheter Failure. 18(2):83–89, 2017. https://doi.org/10.12788/

jhm.2867.

[7] Mustapha Sebbane, Pierre-Géraud Claret, Sophie Lefebvre, Grégoire Mercier,

Josh Rubenovitch, Riad Jreige, Jean-Jacques Eledjam, and Jean-Emmanuel

de La Coussaye. Predicting Peripheral Venous Access Difficulty in the Emer-

gency Department Using Body Mass Index and a Clinical Evaluation of Venous

Accessibility. 44(2):299–305. https://doi.org/10.1016/j.jemermed.2012.

07.051.

[8] Evan Alexandrou, Gillian Ray-Barruel, Peter Carr, Steven Frost, Sheila Inwood,

Niall Higgins, Frances Lin, Laura Alberto, Leonard Mermel, and Claire Rickard.

International prevalence of the use of peripheral intravenous catheters: Preva-

lence of the use of PIVCs. Journal of Hospital Medicine, 10(8):530–533, 2015.

https://doi.org/10.1002/jhm.2389.

[9] Scott Engum, Pamela Jeffries, and Lisa Fisher. Intravenous catheter train-

ing system: Computer-based education versus traditional learning methods.

186(1):67–74, 2003. https://doi.org/10.1016/S0002-9610(03)00109-0.

[10] Nowai Keleekai-Brapoh, Catherine Schuster, Connie Murray, Mary King, Brian

Stahl, Laura Labrozzi, Susan Gallucci, Matthew Leclair, and Kevin Glover.

Improving nurses’ peripheral intravenous catheter insertion knowledge, con-

fidence, and skills using a simulation-based blended learning program: A

randomized trial. 11(6):376–384, 2016. https://doi.org/10.1097/sih.

0000000000000186.

[11] Frédéric Lapostolle, Jean Catineau, Bruno Garrigue, Vincent Monmarteau,

Thierry Houssaye, Isabelle Vecci, Virginie Tréoux, Baptistine Hospital, Nico-

67

https://doi.org/10.12788/jhm.2867
https://doi.org/10.12788/jhm.2867
https://doi.org/10.1016/j.jemermed.2012.07.051
https://doi.org/10.1016/j.jemermed.2012.07.051
https://doi.org/10.1002/jhm.2389
https://doi.org/10.1016/S0002-9610(03)00109-0
https://doi.org/10.1097/sih.0000000000000186
https://doi.org/10.1097/sih.0000000000000186


las Crocheton, and Frédéric Adnet. Prospective evaluation of peripheral ve-

nous access difficulty in emergency care. 33(8):1452–1457, 2007. https:

//doi.org/10.1007/s00134-007-0634-y.
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Döring, and Rainer Malaka. Does It Feel Real? Using Tangibles with Different

Fidelities to Build and Explore Scenes in Virtual Reality. In Proceedings of

the 2019 CHI Conference on Human Factors in Computing Systems, CHI ’19,

pages 1–12. Association for Computing Machinery, 2019. https://doi.org/

10.1145/3290605.3300903.
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Appendix A

Questionnaires

A.1 Demographic

1. Gender:

• Male

• Female

• Non-binary

• Other

• Prefer not to disclose

2. Age

3. Is your vision “normal” or “corrected-to-normal”?

• Yes

• No

• Other (Specify)

4. What is the highest level of education you have completed?
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• Some High School

• High School

• Some College/University

• College Diploma

• Undergraduate Degree

• Graduate Degree

• Other (Specify)

5. Year of study in Nursing

6. Please describe your previous PIVC insertion experience (for example, when

you learned it, how long ago you learned it, and your experience performing it

with patients)

7. How comfortable are you with the thought of performing PIVC insertion?

• Very uncomfortable

• Somewhat uncomfortable

• Neither comfortable/uncomfortable

• Somewhat comfortable

• Very comfortable

8. Which of the following medical training methods do you have experience with?

(Multi-select)

• Virtual Reality

• Task Trainer

• Standardized Patient (i.e., an actor)

• None

80



• Other (Specify)

9. Have you ever used a medical simulator to practice PIVC insertion?

• Yes

• No

• Other (Specify)

10. How would you rank your patient communication skills?

• Expert

• Intermediate

• Novice

• Never performed

11. How comfortable are you with interacting with patients during procedures?

• Very comfortable

• Comfortable

• Neither comfortable/uncomfortable

• Uncomfortable

• Very uncomfortable

12. How would you rank your objective observation skills?

• Expert

• Intermediate

• Novice

• Never performed

13. Approximately, how often do you use mixed reality headsets?
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• Never

• Limited experience, less than once a year

• About once a year

• About once a month

• About once a week

• Multiple times a week

14. If you have used mixed reality, have you ever experienced “VR sickness”?

(Optional)

• Yes

• No

15. If you have experienced “VR sickness”, how often does it occur? (Optional)

• Never

• Rarely

• Occasionally

• Frequently

• Very frequently

16. Approximately, how often do you play video games?

• Less than once a year

• About once a year

• About once a month

• About once a week

• Multiple times a week
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A.2 Exit Questionnaire

Each question was asked on a 7-point Likert scale. Answers: Strongly Disagree,

Disagree, Slightly Disagree, Neutral, Slightly Agree, Agree, Strongly Agree.

1. I felt it was easy to communicate with the patient

2. I feel more comfortable with patient communication than before completing

this scenario

3. I feel more confident and competent with patient communication than before

completing this scenario

4. I found the patient realistic

5. I felt overwhelmed while using this simulation method

6. I felt engaged while using this simulation method

7. I enjoyed using this simulation method

8. I found it easy to observe the patient for any complications

9. I feel more comfortable with observing patients for complications

10. I feel more confident and competent with observing patients for complications

11. I found it easy to perform the PIVC insertion

12. I feel more comfortable with PIVC insertion

13. I feel more confident and competent at PIVC insertion

14. I feel like this simulation method helped me learn
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A.2.1 Clinical Learning Environment Comparison Survey

Clinical Learning Environment Comparison Surveys was created by Kim Leighton

to evaluate how well simulation methods were meeting the needs of students in

clinical learning environments. Questions that were not applicable to this study

were omitted. Each question was asked on a 5-point Likert scale. Answers: Well

Met, Met, Partially Met, Not Met, Not Applicable.

1. Preparing to care for patient

2. Understanding patient’s pathophysiology

3. Identifying patient’s problems

4. Identifying short- and long-term nursing goals

5. Interacting with patient

6. Performing appropriate assessment

7. Prioritizing patient’s care

8. Implementing patient’s care plan

9. Evaluating the effects of medications administered to the patient

10. Assessing outcomes of the care provided to the patient

11. Anticipating and recognizing changes in patient’s condition

12. Taking appropriate action when patient’s condition changes

13. Reacting calmly to changes in my patient’s condition

14. Knowing what to do if I make an error in my patient care

15. Being confident in my decisions
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16. Feeling confident in abilities

17. Improving my critical thinking skills

18. Feeling challenged and stimulated

19. Receiving immediate feedback on performance

A.2.2 Open-ended Questions

1. Did you notice any symptoms or medical emergency the patient was experi-

encing? If so, what were they? Did you find the patients portrayal of these

symptoms to be realistic?

2. Do you think these types of systems could be used for training in the observa-

tion and identification of medical emergencies?

3. Would you use this simulation method again to practice PIVC insertion, patient

communication and observation?

4. Would you use this simulation method to practice other procedures and sce-

narios?

5. In terms of realism and accuracy, how would you describe your experience with

the patient?

6. Do you think this simulation method did a good job of preparing you for the

real world? Do you think the skills transfer?

7. What improvements would you suggest for this simulation method?

8. Do you have any other thoughts or opinions you would like to share?

A.3 Demographics
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