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ABSTRACT

Teaching competencies for psychomotor skill development for manual handling 
techniques in the cervical regions is necessary for safe practice in physiotherapy. 
However, grasping anatomy and palpation can be challenging for students, and 
practice in the lab can lead to discomfort for students. To facilitate teaching and 
learning of this complex skill, we worked in partnership with a virtual reality (VR) 
industry partner who developed a customized VR application focusing on 
transverse ligament stress testing for manual therapy skills for Master of Physical 
Therapy (MPT) students. In this scholarship of teaching and learning (SoTL) 
project, eight MPT students participated in the evaluation of an innovative VR 
learning experience for manual therapy in the cervical spine. Students’ learning 
experiences with the custom virtual reality learning application were assessed using 
an observational study design with semi-structured interviews. Interview questions 
aligned with constructs that are recommended to assess learners’ attitudes toward 
VR environments. Student participants appreciated the usefulness of the application 
for studying and practicing the transverse ligament stress test and provided 
recommendations for enhancing the learning experience.
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INTRODUCTION 

Several factors present challenges for Master of Physical Therapy (MPT) 
students when learning the transverse ligament stress test of the cervical spine with 
traditional teaching approaches. First, the anatomy of the craniovertebral (CV) 
region, which includes the occiput, atlas (C1), axis (C2), and supporting ligaments, 
is complex. The anatomy of the CV region is unique compared to other parts of the 
spine and can be more challenging for students to learn. Although review of the 
regional anatomy is provided, the two-dimensional (2D) images from anatomy 
textbooks as well as three-dimensional (3D) plastic models, void of any of the 
overlying soft tissue structures, are passive and lack experiential affordances (Estai 
& Bunt, 2016). Second, the CV region is small and deep to the muscles. For novice 
students who are still developing psychomotor skills for palpation, which is 
dependent on sound anatomical knowledge, navigating the region with their hands 
can not only be frustrating, but can also lead to discomfort and pain for their peers. 
Instructors have long noted frequent anecdotal reports of neck pain, soreness, 
headaches, occasional dizziness, and even migraines among students after having 
their peers practice the ligament test on them. Compounding these factors, learning 
time in the lab is limited in a tight curriculum, and opportunities for distributed 
practice during which to gain confidence and consolidate knowledge and skills in 
a safe environment may not be adequate. 

A custom virtual reality (VR) application that affords students repeated 
opportunities for guided training of the ligament test in a safe and immersive 
environment and allows for adequate self-guided visualization of the relevant 
anatomy in 3D could mitigate challenges faced in MPT programs. Thus, the 
purpose of the project was two-fold. The first purpose was to develop a custom 
immersive VR application that could be used as a learning tool for MPT students 
to supplement traditional teaching methods of the transverse ligament stress test. 
This paper provides a descriptive account of this process and the pedagogical 
considerations that guided the design and methodology. The second purpose was 
to evaluate a pilot whereby students could experience the new learning tool. The 
observational pilot study is described and the impact on teaching and learning are 
discussed. This study responds to the following research question: What is the 
experience of MPT students using a custom VR learning platform for transverse 
ligament stress testing in the upper cervical spine? 

LITERATURE REVIEW ON VR IN HEALTH SCIENCE
EDUCATION 

Virtual reality (VR) creates the perception of being physically present in a fully 
digital world and has been used in education for over 30 years to augment the 
teaching of a subject or topic. It allows an individual to experience and interact with 
a 3D digital environment for many purposes, including to gain practical 
understanding of concepts (Zhao et al., 2020). Virtual reality applications can 
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enable varying degrees of immersion, from simple observation of a 360-degree 
video to complex and fully interactive 3D digital environments (Huang & Liaw, 
2018). Higher levels of immersion, where the learners’ senses are fully immersed 
in a virtual environment, have been associated with increased engagement and 
motivation (Huang & Liaw, 2018). A VR environment is often explored by using 
a VR head-mounted display and input devices such as hand controllers (Moro et 
al., 2017). 

In the education of health professionals, such as physical therapists, nurses, and 
doctors, VR can facilitate diverse forms of immersive learning (Kyaw et al., 2019). 
A common application for VR is in the teaching of anatomy. This type of education 
is considered a visual science and is a cornerstone for health profession education 
(Turney, 2007). Anatomy is not only important in gaining knowledge of the 
different structures of the human body, but also to appreciate the spatial 
relationships amongst these structures (Miller, 2000). As such, it is not surprising 
to see the uptake of VR among anatomy educators (Codd & Choudhury, 2011; 
Nicholson et al., 2016). 

In recent reviews, the use of VR to enhance visualization of anatomy in 3D was 
evaluated (Moro et al., 2017; Zhao et al., 2020). When the educational effectiveness 
of VR in anatomy education was compared with other traditional methods (i.e., use 
of 2D images from textbooks), findings suggested VR could potentially improve 
the effectiveness of student learning. Although test performance was not found to 
be significantly enhanced by VR, the review and meta-analysis by Zhao et al. 
(2020) found that VR can be a viable alternative to traditional teaching methods 
and importantly that students’ interest in learning via VR methods is greater than 
with conventional or e-learning methods. 

Other common uses of VR in health professions education have been for training 
of technical competencies, particularly in surgical simulations for medical 
education and psychomotor skill acquisition (Jiang et al., 2022). In recent years, 
there has been a surge of research investigating the efficacy of different VR 
applications developed to assist medical trainees in honing laparoscopic and 
orthopedic surgical skills (Banaszek et al., 2017; Brinkmann et al., 2017; Rahm et 
al., 2018; Zhang et al., 2013). Huang & Liaw (2018) and Sultan et al. (2019) noted 
that the use of VR to teach and practice clinical skills to decrease the risks of 
causing “harm” to patients, other students, or standardized patient actors is 
increasing. In a systematic review by Mao et al. (2021), immersive VR was found 
to improve surgical skill acquisition compared to non-VR training. Improvements 
in accuracy and time to complete skills were among some of the educational 
benefits. Although the majority of evidence for efficacy of VR training on the 
development of psychomotor skills has been for trainees who were further along in 
their training (i.e., medical residents), variations in efficacy between residents 
working on higher-level competency milestones and medical students working on 
beginner and intermediate-level competency milestones do not seem to be present. 

Despite the interest and increased use of VR to augment the teaching of anatomy 
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and to facilitate development of students’ psychomotor skills, as seen in medical, 
nursing, and dental education (Di Vece et al., 2021; Rourke, 2020; Zitzmann et al., 
2020), VR research specific to physical therapy and other rehabilitation training 
and curricula is limited. Judd et al. (2021) recently presented the development of a 
VR application designed to facilitate learning and practicing of movement analysis 
skills. They also explored student reactions and attitudes toward use of the 
application. Hartstein et al. (2022) describe the development of a VR experience 
focused on promoting clinical decision-making and explore student and faculty 
experience with the VR. To our knowledge, however, there have not been any 
studies to date describing the design or application of VR to facilitate psychomotor 
skill development for ligamentous stress testing in physical therapy programs. 

LEARNING THEORY AND FRAMEWORK
CONSIDERATIONS FOR VIRTUAL REALITY 

As VR can provide students with the opportunity to practice skills and 
techniques in a real-world setting, it is an ideal technology to foster experiential 
learning. Experiential learning theory defines learning as “the process whereby 
knowledge is created through the transformation of experience. Knowledge results 
from the combination of grasping and transforming experience” (Kolb, 1984). For 
experiential learning to occur, it should include these elements: 1) reflection, 
critical analysis, and synthesis; 2) opportunities for students to take initiative, make 
decisions, and be accountable for results; 3) opportunities for students to engage 
intellectually, creatively, emotionally, socially, or physically; and 4) a safe 
environment to learn from natural consequences, mistakes, and successes 
(Andresen et al., 2020; McCarthy, 2010). Thus, when a VR learning environment 
is carefully planned to include the elements outlined above, educators can leverage 
VR technology to build confidence and competency, especially for high-risk skills 
or skills that can cause discomfort or harm to patients or peers (Smith & Crocker, 
2017). 

Despite the rapid growth and use of VR in education, there is a lack of studies 
that describe the learning theories used to guide development and assessment of 
student learning so that it can be adapted or implemented into existing curricula 
(Huang & Liaw, 2018). To better understand students’ learning in VR 
environments, mounting research suggests that constructivist principles are 
paramount in both the design of the platform and assessment of students’ 
experiences (Huang et al., 2010). Within a constructivist paradigm, emphasis on 
the active role of the learner in building their own understanding is a key principle 
(Dewey, 1916). Thus, real-life contexts and problems are valuable educational 
experiences. Fundamental underpinnings of this paradigm also include the notions 
that knowledge is constructed and not passively absorbed and that a learner’s 
previous knowledge helps to construct new knowledge (Phillips, 1995). Virtual 
reality can be an excellent teaching tool in a constructivist classroom as it allows 
learners to interact and “feel” the content, which can help bridge the divide between 
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theoretical learning in a classroom setting and real-life application of knowledge in 
a VR setting (Huang & Liaw, 2018). 

Teachers and researchers can assess learners’ experiences and the educational 
value of a VR learning tool by applying the constructs within the technology 
acceptance model (TAM) (F. D. Davis, 1989). According to the TAM, the primary 
factors influencing an individual’s intention to use innovative technology such as 
VR are 1) perceived ease of use and 2) perceived usefulness (A. J. Davis et al., 
1993). Perceived ease of use can be defined as the degree to which a learner believes 
that using a learning system would be effortless and perceived usefulness as the 
degree to which a learner believes that using a learning system would be beneficial 
to their learning (F. D. Davis, 1989; Huang & Liaw, 2018). Questions designed to 
capture learners’ attitudes about these constructs can help evaluate a learner’s 
overall motivation and intention to use a VR application, which in turn can provide 
important information for teachers who are considering investing resources and 
time into tailoring and implementing VR into their classrooms. 

CURRICULUM AND ENVIRONMENT OF STUDY 

Physical therapists play an important role in the screening of patients with 
cervical spine conditions. Screening for potential cervical instability arising from 
traumatic, systemic, or congenital conditions is of vital importance to patients with 
neck injuries and is used to rule out serious neck pathology requiring further 
investigation (Mathers et al., 2011). In Canadian MPT training programs, students 
are trained to assess ligament integrity, which is included in every upper quadrant 
assessment. Testing of the transverse ligament via the transverse ligament test/ 
anterior shear stress test is an example of one of several ligament tests for the 
cervical spine. If a deficit in the ligament integrity is found, the patient must be 
referred to a physician immediately. Conducting a client assessment, correctly 
identifying urgent health conditions that require immediate attention, and taking 
appropriate action are essential competencies and entry-to-practice milestones for 
physical therapy students (National Physiotherapy Advisory Group, 2017). 

In the MPT program at our institution, the manual skill of testing and interpreting 
the transverse ligament stress test is taught in the first year of the program. Students 
complete their gross anatomy course three months prior to this point in the 
curriculum. At this early stage, the learning objectives related to the transverse 
ligament stress test focus on the “set,” “guided response,” and “mechanism” levels 
of psychomotor domain on Bloom’s Taxonomy (Clark, 1999; Simpson, 1966). Our 
students are first provided with relevant theory regarding the test, including the 
indications, signs, and symptoms of positive tests, as well as the testing techniques. 
Next, the instructors provide the students with a demonstration of the test on a 
plastic model of the cervical spine and on a student volunteer at the front of the 
classroom. Following this demonstration, students are paired with other classmates 
to practice these tests while instructors circulate in the lab to provide guidance on 
palpation skills, accurate landmarking, handling technique, and clinical reasoning 
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that should occur during a successful stress test. 

METHODOLOGY 

This section is divided into two main parts. The first part outlines the 
development of a custom VR application learning tool that was guided by 
experiential learning theory and constructivist pedagogy. The second part outlines 
the assessment of the student experiences with the custom tool, as well as their 
experiences with a commercial anatomy software that is widely used around the 
world. The custom software (Luxsonic Technologies Inc., n.d.) allowed a very 
focused experience specific to manual therapy handling needs for MPT students. 
The commercial software (3D Organon, n.d.) was included in this study so that 
students could experience a commercial grade platform specifically used for 
anatomy learning and compare that to the custom software experience. 

Virtual Reality Application Development Based on Experiential 
Learning Theory and Constructivist Pedagogy 

Our academic team was comprised of faculty and instructors from different 
health professions (i.e., physical therapy, nursing, and speech language pathology) 
who share a common vision and passion for developing teaching tools to enhance 
the learning experience of students. Virtual reality learning experts from Luxonic 
Technologies Ltd (n.d.) developed the custom software. The team selected the 
cervical spine as a focus for this project, as this is an anatomic area that could be 
expanded on in future interprofessional projects, with discipline-specific learning 
skills for students. 

A constructivist learning perspective and experiential learning theory, which are 
common educational underpinnings for many physical therapy curricula, guided 
design and development of the VR application (Qasem, 2015). The learning 
expectations corresponding to the “set,” “guided response,” and “mechanism” 
levels of the psychomotor domain of Bloom’s Taxonomy helped to specify learning 
objectives appropriate for students at this point in their training (Clark, 1999; 
Simpson, 1966). We followed the process recommended by Hanson and Shelton 
(2008) for the design and development of VR for instructional purposes. Key 
activities that took place, including each step and the educational theories that 
guided decisions, are reviewed here in more detail. 

ARTICULATION OF VR APPLICATION EXPECTATION 
Expectations for how the VR application would enhance the learning outcomes 

for the MPT students compared to the traditional methods of teaching of the 
ligament test were discussed and outlined as a team. The key expectations were as 
follows: 

a) Opportunity for self-paced review of the craniovertebral anatomy in 3D.
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The application would allow students to manipulate the anatomy and view 
structures in multiple viewpoints and positions relevant to understanding the 
transverse ligament stress test. The constructivist principles used to guide this 
process were as follows:  

 Skills promotion and subject mastery are fostered through 
self-guided learning and rich exploration (Dewey, 1916).

 Prior learning experiences and views serve as a foundation 
to develop new knowledge (Phillips, 1995). 

b) Opportunity for guided training in a low-stakes, safe, and realistic
environment. The application would allow for gradual progression as learners 
moved from beginner to intermediate levels (i.e., observation of the skills; imitation 
of the skills through guided steps with visual, auditory, and tactile feedback; 
gradual removal of visual cues; and clinical reasoning and reflective questions). 
This process was guided by the constructivist principle that the learner takes on an 
active role (Dewey, 1916). We considered the following experiential learning 
principles: students should have the opportunity to observe and practice in a real-
world setting, the opportunity to learn from mistakes and successes, and the 
opportunity to take initiative, reflect, and make decisions (Kolb, 1984; McCarthy, 
2010). 

FAMILIARIZATION WITH VR 
In conjunction with Step 1, outlined above, our team investigated and trialed 

different commercial and custom VR applications (3D Organon, n.d.; Sharecare 
Virtual Reality (VR)—Making Health Visual, n.d.; Banow & Maw, 2020). This 
process allowed us to better understand what might be feasible with VR and what 
limitations there might be for the learning experience and outcomes we envisioned. 
We also considered the implications of the use of controllers versus haptic gloves 
in better mimicking the hand position used for the ligament stress test, as haptic 
gloves were not yet ready for use in this manner at the time of this pilot. 

We did not find a commercial anatomy VR software that was able to provide the 
level of focused review of the CV anatomy in 3D that was the impetus for the first 
key expectation (a.) outlined above.   

EVALUATION OF DESIGN CONSIDERATIONS 
The research team worked closely with an industry partner over several months 

on this step. Meetings focused on design considerations, such as how we could set 
up the virtual work to best promote experiential learning; how students would 
receive visual, auditory, and tactile feedback; and how to create an experience as 
close as possible to a hands-on clinical experience. 

Initial versions of the software were tested by two experienced orthopedic 
physiotherapy instructors with over 20 years of MPT teaching experience (Kendra 
Usunier and Soo Kim). After independently using the VR software, the instructors 
provided feedback to the Luxonic Technologies developers. Feedback focused on 
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details that would help make the immersive experience as anatomically and 
technically similar to a real-life scenario as possible (i.e., fine tuning of hand 
placement, the degree of hand movement needed, the verbal and written 
communication provided to students during the application, and the clinical 
reasoning that occurs during the technique). The process was iterative. 

EVALUATION OF BUDGET AND RESOURCE 
We discussed which design considerations to prioritize based on our available 

funding. We then developed a timeline to purchase equipment with potential 
funding and to seek additional funding through grant opportunities to ensure 
development and evaluation of the custom application. 

Figure 1 provides an overview of the key features of the VR application. 

Figure 1 

Key Features of Custom VR Application 

A. A clinic assessment room was used to develop a realistic immersive environment. A male
avatar represents the virtual “client” in the experience. Following orientation to VR,
students are presented with three modes: education, training, and assessment. (Note:
Placeholders were created for the addition of other ligament tests in the future.) For our
pilot study, our students experienced the education and training modes. The assessment
mode was not completed for this version of the software.

B. The education mode provides students with the opportunity for self-paced review of the
CV anatomy. Students can view different anatomical structures with the “client” in
different positions (lying, standing, or sitting) and can view different layers of the anatomy
(skin, muscles, and bone). Students can handle the “client” and move them around to view
structures in different orientations.

C. The training mode provides students with the opportunity to practice the transverse
ligament stress test and facilitates the various levels of student learning. There is a
“walkthrough” option for beginner learners, which provides students with practice as they
follow and imitate the demonstration, experiencing visual, auditory, and tactile
feedback. Visual (colour-changing hands) and tactile feedback (vibration) acknowledge
correct hand positioning.
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D. When the task is done correctly, a prompt appears that guides the student through the
clinical reasoning and facilitates reflection.

Note: Text correlates with labelled parts of the figure (A, B, C, and D) and describes 
education and training modes within the VR experience. 
Note: See Appendix 2 for full-size image 

ASSESSMENT OF STUDENT LEARNING EXPERIENCES
WITH VR APPLICATIONS 

Participants 

There were eight MPT student participants in this study. Seven were 20 to 30 
years old, and one was over age 30. All volunteer participants were female. One 
senior-level MPT student was recruited through an email advertisement asking for 
participants in a beta-test experience of the custom software VR learning tool. This 
student had previously completed the orthopedic course that introduces transverse 
ligament stress testing through didactic and hands-on practical learning. Following 
software modifications resulting from the senior student’s feedback, seven students 
from the introductory musculoskeletal course were recruited through email and in 
person. One of the researchers who was not involved in instruction or assessment 
of students during the period of the study attended class to talk about the project, 
provide information, and answer questions for potential volunteer participants. All 
participants provided written consent prior to participation. Institutional ethics 
approval for this research was obtained through the institution’s Behavioural 
Research Ethics Board. The sample size of this project was reduced from the 
anticipated plan due to multiple delays related to COVID-19 restrictions. 

Methods 

This study followed a qualitative research design. In order to identify participant 
demographics, history of health and medical conditions, and prior experience with 
cervical ligamentous testing and VR systems, participants were asked to complete 
three pre-study questionnaires prior to the VR experience. Participants completed 
the questionnaires and consent forms using Survey Monkey. 

Semi-Structured Interview. A semi-structured interview was 
completed with participants within one week of beta and pilot testing. Questions 
are included in Appendix A. There were nine open-ended questions, eight focusing 
on the custom VR learning experience and one on the experience in comparison to 
the commercial software. The questions used in the semi-structured interviews 
were guided by the constructs of the technology acceptance model (TAM). Semi-
structured interview questions were reviewed by two researchers with extensive 
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experience in qualitative research. Questions were assessed for clarity and content 
validity. 

Beta Testing. The senior student participated in experiencing both the 
custom software and the 3D Organon commercial software (n.d.). She provided 
feedback during these VR learning sessions and completed a semi-structured 
interview following participation to describe her experience. This information was 
utilized to enhance the custom software experience and learner comfort prior to the 
pilot, as well as to refine instructions for students and the process for the 
intervention. 

Pilot Testing of VR Protocol. Participants were randomly assigned to 
experience either the custom or commercial software on one occasion and the other 
software seven days later. Both experiences lasted 20–30 minutes. A researcher 
who was not involved in class instruction or evaluation was present throughout the 
intervention on both occasions. She provided an orientation to participants on the 
software and procedures, and she answered any questions that arose during the 
learning experience. Semi-structured interviews were completed following the 
second experiential VR session. 

Data Analysis. Descriptive analysis was conducted for the pre-testing 
questionnaires. Semi-structured interviews were audio recorded and transcribed by 
a researcher. Iterative qualitative analysis followed processes recommended by 
Vaismoradi et al. (2013) and Braun and Clarke (2021), including familiarization 
with data, and open and axial coding to identify themes and connections between 
experiences. An experienced qualitative researcher developed codes, which were 
verified by a second researcher with specific content expertise in the teaching of 
orthopedic MPT courses. The researchers conducted independent analyses. Final 
decision making on themes occurred through consensus. 

RESULTS 

Of the eight student participants, five reported previous experience with VR for 
entertainment purposes. No participants had medical histories that would prevent 
them from participating, and none had experienced dizziness or vertigo in the 
previous year. Four had glasses that would be worn during VR, and one wore 
glasses that were removed during VR. All eight students reported a history of pain 
during previous hands-on partnered lab experiences with cervical spine palpation 
and ligamentous stress testing. This included localized pain, mild-to-moderate 
muscle stiffness, and mild headache. All students reported palpation to be the most 
difficult component of this complex manual skill, with 7 of 8 reporting that the 
ability to appreciate ligamentous end feel in a stress test was challenging, and 6 of 
8 indicating that confidence as well as knowing how much force to exert during the 
ligamentous stress test were challenging components. 
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The beta-test participant (senior student) indicated that her back became sore due 
to bending forward for a prolonged period to complete the training application. The 
treatment bed in the custom VR application was stationary and, as a result, could 
not be repositioned higher to facilitate optimal body mechanics for the student 
clinician. In response to this concern, the software developer modified the custom 
software to allow a participant to raise and lower the virtual treatment bed to ensure 
optimal body mechanics. Students spent an average of 23.7 minutes with the 
education and training modes in the custom software and 22.7 minutes with the 
commercial software. 

Experience with Virtual Reality — Themes 

Themes were inductive in nature and emerged from the thematic analysis. 
Qualitative themes resulting from semi-structed interviews included 1) learning in 
a stimulating low-stakes environment, 2) recommendations to enhance learning and 
experience with VR, and 3) challenges. 

LEARNING IN A STIMULATING LOW-STAKES ENVIRONMENT 
Participants reported that the custom software assisted with solidifying and 

helping them to understand the ligamentous stress testing skill and visualization of 
anatomy. The ability to practice repeatedly without fear of hurting a partner aided 
in better understanding the skill. Specific to the anatomy education application, one 
participant reported, “It was really helpful to see the actual ligament while you are 
stressing it, like just being able to see inside the body as opposed to with just regular 
people, it helped with the visualization.” Another stated, “For me it was helpful that 
I could see ligaments and structures because once I can imagine something I can 
understand what I am doing a lot better.” The participants also appreciated the 
ability to learn with different layers (skin, muscle, bone). One participant explained 
that this experience was “really good for visualization. [You] can peel back the 
layers (skeleton, muscle, or full patient) and have an idea of what you are doing 
internally, which you don’t have in lab.” 

Regarding the guided training in the custom software, a participant said, “with 
the cues when you are on the right spot, it will vibrate and that was really helpful 
for me.” Another participant indicated appreciating that “no one is complaining that 
you are poking them,” and a third said, “You can just go and train and not worry 
about hurting someone.” Overall, participants described the custom software as 
being “awesome, would recommend it to others,” “neat,” “really cool,” “quite 
immersive,” and “easy to use.” 

The students appreciated the commercial software as well. As one participant 
explained,  

I liked that it [the commercial software] had the different layers—muscle, bone, 
nerves. You could take off a part of the skull to see the ligament, could take off 
certain pieces. That one was just a little bit more developed, and it was a little more 
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helpful in terms of studying. 
In comparison to the custom software, one participant reported, 
I liked that one [the commercial software] to get in and visualize what you are 

doing a bit more. [I] liked the custom for the testing. You could actually do the 
hand placements for testing, but I liked to be able to get a better idea of structures 
… and everything posted [in the commercial software] so you could read about the 
actions and whatnot, being able to associate them when it’s right in front of you. 

RECOMMENDATIONS TO ENHANCE LEARNING AND EXPERIENCE WITH VR 
This theme defined areas that students felt could be added or improved to 

increase the value of the custom experience. They overwhelmingly recommended 
adding other craniovertebral ligament tests. As one student explained, it “would be 
good to have it for other ligament tests also, to understand the motion of your 
hands” and added that “more information about the test and reminder about cardinal 
signs” would improve the experience. The students also recommended increased 
play opportunity with anatomy, such as “muscles and vessels to take apart and look 
at as a whole structure.” Participants believed it would be helpful to use their hands 
with haptic gloves as well as to be able to move the VR patient’s limbs, etc. They 
also felt that the commercial software (3D Organon, n.d.) would be very beneficial 
in their program for learning anatomy in general due to the high degree of 
development in the software. For example, one participant noted that “you could 
take off a part of the skull to see the ligament, could take off certain pieces,” and it 
was “nice because [there was] so much to it and so many layers, was nice to be able 
to look at skeletal muscle, isolate it, look at blood flow.” 

CHALLENGES 
Some challenges reported by participants included some disorientation and sense 

of difficulty moving around. Participants also noted that the handsets were a bit 
difficult, especially having to navigate buttons on the handsets during the 
experience. Two participants reported some difficulty focusing their eyes during 
the experience. 

DISCUSSION 

This SoTL study presented the design and evaluation of a custom VR application 
and aimed to answer the research question: What is the experience of MPT students 
with a VR learning platform for transverse ligamentous stress testing in the upper 
cervical spine? The study also provided pedagogical insights so that VR technology 
can be integrated into curricula and programs facing similar challenges with 
practical hands-on skill instruction. Pilot test results showed that students found the 
custom VR application to be beneficial for their learning of the transverse ligament 
stress test and that it could mitigate drawbacks associated with practice on peers—
namely discomfort in form of localized neck pain, mild to moderate muscle 
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stiffness, and headaches. 
Our team created a novel VR application to enhance learning of the upper 

cervical spine ligamentous stress tests and assessed students’ experiences with the 
innovative VR learning tool. Previous VR research on advances and 
implementation in the classroom has informed approaches for VR development and 
common challenges educators face with various educational applications (Hansen 
& Shelton, 2008; Rizzo et al., 2004). There is also a growing body of SoTL 
literature that informed us about research methods that can be useful in studying 
the impact of VR on student learning experiences and teaching practices (Jiang et 
al., 2022; Kyaw et al., 2019; Mao et al., 2021; Zhao et al., 2020). In addition, the 
principles for good SoTL practice outlined by Felten (2013) helped us to plan, 
evaluate, and reflect on our study. In contrast to many of the VR studies published 
in health science education, however, our study provides a novel example and 
insights on the pedagogical considerations specific to VR and psychomotor skill 
development, which is not widely covered in the SoTL literature and will have an 
important impact on other professional educators seeking innovative methods to 
teach practical/hands-on competencies. Data from the semi-structured interviews 
support the educational benefits and usefulness of our VR application. Overall, 
students’ experiences with the VR application were positive. 

In keeping with experiential and constructivist principles, students appreciated 
the opportunity in the custom VR experience for self-guided visualization of the 
relevant craniovertebral anatomy. They consistently reported the value and 
usefulness of visualizing the ligament in a manner that facilitated better 
understanding of the skills required to complete the transverse ligament stress test. 
Students reported their appreciation of the ability to visualize and experience the 
different layers of anatomy (i.e., skin, muscle, or bone) and perceived this as very 
helpful in making connections with the hands-on skills in a way they would not be 
able to in the traditional lab. 

Our students’ reported experiences similar to those identified in other studies 
focusing on VR anatomy (Moro et al., 2017). Although students noted that the 
commercial anatomy VR software offered more detail and was “more developed” 
than our custom VR application, they acknowledged that the custom experience 
was more directed to what they were doing in the classroom. This finding seems to 
support and validate our intent for designing our own anatomy tool, which was to 
provide a focused review of relevant anatomy in views that would best facilitate 
learning of the transverse ligament stress test. Inclusion of an anatomy review 
section directly relevant to the clinical skill at hand is also commonly seen with 
other VR applications focusing on training surgical skills, such as the Osso VR 
hands-on surgical training platform (Blumstein et al., 2020). In a constructivist 
paradigm, a learner’s previous knowledge is used to construct new knowledge; 
thus, future researchers wishing to integrate VR for clinical skills training may want 
to facilitate bridging the gap between students’ knowledge and real-life clinical 
problem solving with an opportunity to review the relevant anatomy, if applicable, 
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as we have demonstrated.  
For both the “education” and “training” modes, student users enjoyed learning 

in a low-stakes environment. Using our custom VR application, students could take 
as much time as they wanted with different modes, and repetitive practice of the 
skills was allowed with visual, tactile, and auditory guidance and feedback. One of 
the key elements of experiential learning and a low-stakes learning environment is 
that students are given the opportunity to try, to make mistakes, and to learn from 
those mistakes with little or no negative consequence. Trial and error coupled with 
insights from formative feedback in this type of learning environment have been 
found to improve students’ learning (Butler, 1987; Narciss & Huth, 2004; Shute, 
2008; Thorndike, 1932). Although the students in our study were given one session 
to use the custom VR application, our long-term goal is to have it available for all 
students for repeated use and distributed practice throughout the curriculum. 
Extensive evidence exists to show that distributed practice compared to massed 
practice can lead to more durable learning (Roediger, 2013). 

In our study, all students reported a history of experiencing localized neck pain 
in the traditional lab setting, when having the transverse ligament stress tests skill 
practiced on them. As such, it was not surprising to see several student comments 
within the theme “learning in a stimulating low-stakes environment” stating how 
they appreciated the ability to practice and learn without fear of causing harm to a 
peer partner. One of the key motivations for our training application, and that of 
many other VR simulators focusing on psychomotor skills, is that students can 
maximize their clinical practice within a real-life application while minimizing 
harm or risk to patients or peer training partners (Zhao et al., 2020; Zitzmann et al., 
2020). This also allows additional options for student practice when lab time is 
limited in the curriculum. 

Despite VR’s ability to encourage learning across many domains (Izard et al., 
2018), there is a notable gap in VR development and use for training physical 
therapy students compared to other health professions. In the National Study of 
Excellence and Innovation in Physical Therapist Education, there was a call for 
transformative changes that can be informed by medical and nursing education 
innovations (Jensen, 2006). With the rapid growth of VR in education and a 
precedent from other health professions, we hope our project helps stimulate greater 
exploration and discussion of specific pedagogies for increased VR use to advance 
teaching and learning practices in physical therapy programs. 

Limitations 

The sample size for this SoTL project was lower than we had anticipated. There 
are several potential reasons for this: 1) the pilot project relied entirely on student 
participation, which is a limitation noted in SoTL research (Divan et al., 2017), 2) 
the course load of the MPT program when this project occurred was extremely 
heavy, so students may have felt too busy to participate, and 3) students may not 
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have seen the value in volunteering because they were not involved in the planning 
and development phases. Felten (2013) notes that partnering with students in 
inquiry is becoming an important component in SoTL. Another limitation specific 
to the training of the clinical skill itself was that haptic gloves were not available 
when this project was undertaken. The hand controllers do not mimic the exact hand 
postures that would be utilized in this skill set, and participants reported some 
awkwardness in that respect. This is a barrier that would require haptic gloves to 
overcome. Finally, this project was delayed on two occasions due to COVID-19 
restrictions. As a result, we proceeded with a reduced number of participants and 
only as a pilot program, with the intention of expanding the project post-COVID. 

Future Directions 

Several areas for future research were identified as a result of this study. Students 
recommended the addition of training for the other ligaments in the VR experience, 
which was a goal that our team had previously identified. Future research will focus 
on the addition of other craniovertebral ligaments and expansion of the training to 
include a head and upper quadrant scan for interprofessional health providers. We 
will also include the use of haptic gloves, which will provide a more realistic 
learning experience. We have learned with the COVID-19 pandemic that we need 
to adapt our teaching methods to include additional options for distance and virtual 
learning, and our application can serve as a platform for these different modes of 
learning. Although we do not believe VR would replace face-to-face instruction of 
these skills, this pilot suggests that it provides a worthwhile addition to learning in 
this area and allows repeated and distributed practice without the barrier of 
provoking pain or headache in one’s partner. Finally, this project has the potential 
to be modified and scaled up for collaboration with other health science and hands-
on professions and programs. 

CONCLUSION 

Our interdisciplinary team has developed a VR learning application that focuses 
on the learning of craniovertebral anatomy practical skills of testing the transverse 
ligament, which is a critical safety test for assessing stability of the neck and head. 
This application can be used not only to train entry-level physical therapists, but 
also for continuing learning by experienced therapists and by other health 
professionals with training needs involving the craniovertebral region. In addition, 
the transverse ligament is but one of several ligament tests of the neck that can be 
expanded upon within this custom VR application. 
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APPENDIX 1 

1. Tell us about your experience with the custom VR software for transverse
ligament stress test.

Prompts: Did you enjoy the experience, or not? How many times were you able to 
use the VR? Which modes did you use (educational, practice, test mode)? What did 
you like the most/least? 

2. Tell us about your experience with the commercial VR software and how
that experience compared to the custom software.

3. Is there anything we could do or additions you would want to see made to
the VR suite to improve the experience of the custom (transverse ligament)
software?

4. Is there anything we could do or additions you would want to see made to
enhance your learning of the transverse ligament stress test within the custom VR
software?

5. Would you use VR software again to study cervical ligaments? Would you
recommend this approach to learning to others? Why or why not?

6. What other MPT skills do you think would be useful to practice using VR?

7. Is there anything else you would like to tell us about or feedback you would
like to provide?
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