
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Baker et al. BMC Medical Education           (2025) 25:11 
https://doi.org/10.1186/s12909-024-06384-0

BMC Medical Education

*Correspondence:
Nancy A. Baker
Nancy.Baker@tufts.edu
1Department of Occupational Therapy, Tufts University, Boston, USA
2Institute of Health and Wellbeing, Federation University, Ballarat, Australia
3Department of Rehabilitation, Jönköping University, Jönköping, Sweden
4Department of Neurosciences, Monash University, Clayton, Australia
5Department of Occupational Therapy, James Cook University, Townsville, 
Unsworth, C.A, Australia
6Department of Occupational Therapy, Collaborative Learning and 
Innovation Complex, Tufts University, 574 Boston Avenue, Medford,  
MA 02155, USA

Abstract
Background  Training occupational therapy students in manual skills such as goniometry typically requires intensive 
one on one student teacher interactions and repetitive practice to ensure competency. There is evidence that 
immersive virtual reality (IVR) supported embodied learning can improve confidence and performance of skills. 
Embodied learning refers to learner’s experience of viewing a simulated body and its properties as if they were the 
learner’s own biological body. The aim of this proof-of-concept study was to develop and examine the usability and 
establish preliminary efficacy of an Embodied Goniometric Occupational Therapy Training Program (EGOTTP) to teach 
occupational therapy students wrist goniometry.

Methods  Following the generation of written scripts, we used a 360-degree camera to film and create the program, 
with 3- levels of detailed education for six wrist goniometry measures, flexion-extension, radial-ulnar deviation and 
pronation-supination. Five students rated their experience using EGOTTP on measures of usability and efficacy.

Results  The EGOTTP was developed over a 1-month period, and the participants reported good to high levels of 
embodiment and engagement, and their ratings suggested that the EGOTTP was easy to use with the support of an 
educator.

Conclusion  IVR training programs such as this one hold promise for teaching manual skill acquisition such as 
goniometry. As IVR technologies become more affordable and widespread, this approach could complement other 
strategies used to teach goniometry skills to students.
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Introduction
One key trend in the future of health profession educa-
tion is a shift towards a competency-based education 
(CBE) model [1]. CBE is an approach to curriculum 
design which emphasizes acquisition of domains of pro-
fession specific skills to a pre-defined level of ability [2]. 
While there are many characteristics of CBE, two key-
stones are an emphasis on learners achieving competence 
in the skills and abilities required for their profession in 
ecologically valid situations and on educational programs 
providing alternative pathways for learners to achieve 
competence, supporting diverse learning abilities and 
experiences [2, 3].

Immersive virtual reality (IVR) is an emerging technol-
ogy that can be used for health professional education 
and has the potential to be a powerful method to support 
competency building. IVR uses a head mounted display 
(HMD) that projects 3-dimensional images that enable 
the user to feel that they are fully present in the simulated 
environment. Types of learning that can occur in the IVR 
context vary, but include analysis and problem solving, 
developing soft skills such as communication, empathy 
and collaboration skills, learning declarative knowledge, 
and training in procedural-practical skills, such as learn-
ing how to perform procedures such as taking blood 
pressure or manual muscle testing [4]. A recent system-
atic review suggested that education using IVR has a sig-
nificant but small to moderate edge over regular teaching 
methods, such as watching 2D videos, reading written 
material or watching presentations, in terms of learning 
content, and compelling evidence of the great advantage 
of IVR for important non-cognitive learning factors such 
as engagement, motivation and affect [5]. Because IVR is 
immersive and the user feels present in the environment, 
it is an ideal method to teach skills in ecologically valid 
simulations: users learning operating skills will feel like 
they are in the operating room, nurses can learn to take 
blood pressure while surrounded by a portrayal of a cha-
otic emergency room. Realistic simulations are consid-
ered one of the best ways for individuals to learn because 
they are methods for learners to experience situations 
that are challenging, emotionally charged and allow for 
mistakes and errors that have no true consequences, such 
as injuring or alienating a patient, thus allowing learners 
to trial different responses and reflect on their outcomes 
[6]. Thus, IVR has the potential to be used to train skills 
in a naturalistic context and provide alternative meth-
ods for learning that may better match different learning 
styles, key aspects of CBE.

One of the challenges of IVR is creating the virtual 
learning environments. IVR creation can be divided 
into two general categories: programmed 3D animated 
graphics and passive Spherical Video-based Virtual Real-
ity (SVVR) which are real environments captured and 

rendered as 3D videos. The programmed 3D animated 
graphics are complex computer-generated graphic envi-
ronments. The environments are interactive and pro-
grammed to react to users’ movements and actions, 
often through handheld controllers, thus providing feed-
back on performance. While potentially highly interac-
tive, these IVRs can be cartoonish and have low quality 
images because of the expense and expertise required to 
program both the environment and interactions. While 
the ability to influence and interact with a simulation is 
a positive aspect of learning [4], the cost and expertise 
needed to develop high quality interactive IVR may place 
them out of the reach of educators [7], particularly if they 
have specific pedagogical goals for the simulation.

SVVRs provide a highly realistic experience of a physi-
cal environment, outperforming programmed 3D gener-
ated IVR for context and ecological validity. While less 
interactive than a programmed 3D IVRs SVVRs allow 
users to choose what area of the environment they want 
to look at allowing a level of active exploration not avail-
able in traditional 2D videos and allow repeated per-
formance of tasks unlike live interactions [8]. Unlike 
programmed 3D IVRs, SVVRs are low cost and easy to 
produce, and can be created with easily accessible 360 
cameras [8]. Research suggests that SVVR videos are well 
suited to observational learning, immersive and interac-
tive theory, and teaching, and facilitating self and peer 
reflection [9]. SVVRs have also been used successfully to 
teach performance skills [10, 11].

One advantage of either of these IVRs is the possibil-
ity for embodiment. Embodiment refers to a subjective 
experience where a simulated body and its properties are 
experienced as if it was the user’s own biological body 
[12]. If an IVR is rendered from the first-person point 
of view, such that a user perceives that limbs are where 
their biological limbs would be located, that user will take 
mental ownership of the limbs and embody into them 
[12]. The phenomenon of embodiment has been docu-
mented repeatedly, most notably in the rubber hand illu-
sion [12]. Individuals perceive that what happens to their 
embodied, virtual limbs is happening to them [13]. There 
is evidence that IVR supported embodied learning where 
the students experience the performance as if performed 
from their point of view improves performance of skills 
and confidence [10, 14–20]. Interestingly, while having 
agency (i.e., the ability to actively move the virtual limb) 
would appear to be important for learning performance 
skills, evidence suggests that with a high level of immer-
sion, the need for agency is less important for embod-
ied learning [21]. This suggests that a highly immersive 
SVVR video in which students feel embodied may be 
appropriate for learning performance skills.

Goniometry, the measurement of joint ranges, is a nec-
essary assessment skill for occupational therapy (OT) 
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students. It is a challenging psychomotor skill combining 
both accurate knowledge of kinesiology and the ability to 
precisely measure movement. In this proof-of-concept 
study we describe how we developed and tested a series 
of SVVRs designed to teach OT students goniometry for 
the wrist and forearm.

The purpose of this study was to develop and examine 
the usability and establish preliminary efficacy of an IVR 
embodiment augmented training program, the Embodied 
Goniometric Occupational Therapy Training Program 
(EGOTTP), as a means to teach OT students goniometry.

Methodology
Design
This proof-of-concept study employed an observational, 
pre-post design. Ethical approval for the research was 
provided by the Federation University Human Research 
Ethics Committee (2023 − 143), in accordance with the 
Declaration of Helsinki. All participants signed an ethics 
committee approved consent form.

Participants
OT students and nursing faculty at Federation University 
in Victoria Australia who had limited experience with 
goniometry, were invited to participate in the study via 
a flyer. First year OT Students who had not yet learned 
goniometry, and students in their final year who had 
missed hands-on goniometry training during 12 months 
of lockdown for the COVID-19 pandemic, were invited, 
totaling 37 students. Given this small potential pool of 
participants, nursing faculty were also invited as they are 
conveniently co-located on campus and have not learned 
goniometry. Participants were excluded if they had any 
conditions that would make it unsafe for them to use IVR 
(seizure disorder or other symptom linked to an epilep-
tic condition in the last five years; implanted medical 
device such as a pacemaker, defibrillator, or hearing aid; 
frequent migraines or earaches; cardiac conditions; con-
tagious disorder on the face such as conjunctivitis that 
could be transmitted).

Embodied goniometric occupational therapy 
training programs (EGOTTP)
We created the EGOTTP, a SVVR program, by filming a 
skilled, medium skin toned occupational therapist with 
an Insta360 One X2 (Insta360.com) 360-degree camera 
while she was performing goniometric measurements on 
a simulated patient. We developed three EGOTTPs one 
each for wrist flexion/extension, wrist ulnar/radial devia-
tion and forearm supination pronation. Each EGOTTP 
was filmed from the first-person point of view so that 
participants appeared to be looking at their own arms 
performing the goniometry measurements (See Fig.  1). 
Each of these three EGOTTP had three sections of the 
goniometric measurements. The first section had a 
detailed voice over which provided the learner with clini-
cal reasoning cues for each step of the goniometry pro-
cess as though the participant was thinking through each 
step. This section and all other sections also included 
instructions to the simulated patient on how to position 
and move their arm. The clinical reasoning included a 
rationale for each step of the goniometric process, tips 
on how to successfully complete the task, and detailed 
instructions. on how to: check active range of motion; 
position the joint; identify and palpate the axis of motion; 
place the goniometer axis, moveable arm and stationary 
arm; complete the measurement process; and read the 
goniometer. The second section had very limited clinical 
reasoning cues, most of which were procedural remind-
ers. These included: to check for active range of motion; 
where to place the goniometer axis and arms, the mea-
surement process, and the results of the measurement. 
The final section included no clinical reasoning cues, and 
only gave the instructions to the simulated patient. See 
Table 1 for more details of each section of the EGOTTP.

When constructing the EGOTTP we included sev-
eral elements to enhance the sense of embodiment [22] 
(See Table  1). We marked where the virtual hands in 
the EGOTTP would situate on the real table and placed 
the participant’s hands on those spots to develop a 
sense of co-location. At the beginning of each EGOTTP 

Fig. 1  Embodied Goniometric Occupational Therapy Training Program (EGOTTP) point of view
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participants participated in a short viso-tactile stimu-
lation sequence, a maneuver typically done to embody 
limbs [12, 13, 22]. This stimulation consisted of stroking 
the dorsal side of participants arms from elbow to fin-
gertip in sync with the same movement in the EGOTTP. 
Thus, participants felt their real arms stroked and saw the 
virtual arms stroked at the same time. Multisensory stim-
ulation enhances a sense of embodiment so we included 
an olfactory component by stroking the arms with 
scented hand sanitizer [22–24]. To further strengthen the 
sense of embodiment and presence in the system, partici-
pants were provided with actual goniometers to hold dur-
ing the program which they were told they could move in 
response to what they saw in the EGOTTP if they wanted 
to. There was felt on the table in both the simulated and 
real environments, providing tactile congruity. Finally, 
we completed all EGOTTP testing in the same room and 
same configuration that we filmed the SVVR EGOTTP.

Equipment
All EGOTTP videos were viewed using Meta Quest 2 
virtual reality system (meta.com). The Meta Quest 2 is 
a wireless, standalone device that uses a head mounted 
display (HMD) to project a simulated 360-degree envi-
ronment from a first-person point of view. Through the 
HMD, participants are immersed into the environment 
such that they experience the simulated world as the real 
world. The hand controls for the system were not used 
for project as participants did not actually interact with 
the virtual world.

Instruments
In addition to providing simple demographic informa-
tion (age, sex, experience with video games and IVR), 
participants completed one scale to measure efficacy pre 
and post using the EGOTTP, and five scales to measure 
usability after using the EGOTTP. All usability question-
naires have demonstrated good psychometrics, as pre-
sented in the related papers cited below.

Usability
User Engagement Scale (UES): The UES is a 12-item 
Likert questionnaire that assesses participant engage-
ment with digital technology [23]. In this 5-point scale, 
anchored on Strongly Disagree to Strongly Agree, partic-
ipants’ rate three items for each section: how well the sys-
tem focuses attention (FA), is usable (PU), is aesthetically 
pleasing (AE) and is rewarding to use (RW). Total section 
score is the average of each section’s items and total score 
is the average of all twelve items.

System Usability Scale (SUS): The SUS is a 10-item Lik-
ert questionnaire scaled from 1 (strongly disagree) to 5 
(strongly agree) [24]. It assesses participant perception of 
the usability of a system. The total sum of the raw score is 
processed to achieve a score between 0 and 100 and this 
score is matched to normed score to “grade” the over-
all usability of the system from “F” (score 0 to 60) to “A” 
(score 91–100).

NASA Task Load Index (NASA TLX): The NASA 
TLX provides participants’ subjective estimate of men-
tal workload in six dimensions: mental demands, physi-
cal demands, temporal demands, effort, performance, 
and frustration level [25]. Each dimension is identified 
by a single question which asks participants to rate the 
workload from 1 (very low) to 20 (very high) except the 
performance dimension which anchors the scale on suc-
cess (1) to failure (20). Typically, this questionnaire is 
weighted by having participants select which dimensions 
most contribute to the workload of the task. However, for 
this study we used the raw 1–20 rating score.

Peck’s Embodiment Scale (PES): The PES measures 
the extent to which participants achieved ownership of 
and embodied the virtual limb [26]. It is a 16-item Likert 

Table 1  Design elements of EGOTTP
3 EGOTTP SVVR joint range of motions tested
- wrist flexion/extension;
- wrist abduction/adduction;
- pronation/supination
EGOTTP Content Elements to en-

hance embodiment
Section 1
Full Clinical 
Reasoning 
Cues

Clinical Reasoning - How to:
- check active range of motion
- position the joint
- palpate the axis of motion
- place the goniometer axis move-
able arm & stationary arm
- complete the measurement 
process
- read the goniometer
Instruction to the simulated 
patient

Co-location:
Participants hands 
positioned in the 
same space as 
virtual hands in 
SVVR
Simultaneous Visio-
tactile Stimulation:
Participants felt real 
dorsal forearms/ 
hands stroked from 
elbow to fingertip 
while viewing syn-
chronized stroking 
of virtual arms in 
the same manner
Multisensory 
Stimulation:
Olfactory – scented 
hand sanitizer
Touch – par-
ticipants held 
goniometer; table 
covered with felt
Ecological Validity:
SVVR environment 
was same as the 
real environment 
in which the study 
was performed

Section 2
Limited Clini-
cal Reasoning 
Cues

Clinical Reasoning - Procedural 
Reminders
- To check active range of motion
- Where to position goniometer 
axis, moveable arm & stationary 
arm
- The measurement process
- The results of the measurement
Instruction to the simulated 
patient

Section 3
No Clinical 
Reasoning 
Cues

Instruction to the simulated 
patient only

EGOTTP = Embodied Goniometric Occupational Therapy Training Program; 
SVVR Spherical Video-based Virtual Reality
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questionnaire with a 7-point scale (1 never to 7 always). 
The questionnaire is scored as four subscales consisting 
of appearance, response, ownership, and multi-sensory 
which are determined by calculating the mean of the 
items. The total instrument embodiment score is deter-
mined by calculating the mean of the sum of the four 
subscales.

IPG Presence Questionnaire (IPQ): The IPQ estimates 
the participants experience of being present in the vir-
tual environment [27]. It is a 14-item, 7-point Likert 
scale which has various anchors to questions. The IPQ 
has three subscales, spatial presence, involvement, and 
experience realism which are determined by calculating 
the mean of the appropriate items and a total presence 
score determined by calculating the mean of the sum of 
the three sub scores.

Efficacy
Self-Confidence Questionnaire (SCQ): The SCQ mea-
sured participant self-confidence before and after 
completing the EGOTT programs using the 8-item Self-
Confidence Questionnaire adapted from a study specific 
questionnaire proposed by Paige and colleagues [22]. 
This instrument was Likert scaled from 1 (not at all) to 
5 (completely) and participants self-rated their ability to 
perform goniometry. The eighth question, which asked 
participants to think about using the EGOTTP and how 
well they prepared novice occupational therapists to 
perform goniometry in comparison to others who had 
not received the training, was only asked post EGOTT 
training.

Procedures
Prior to engaging in the EGOTTPs, participants com-
pleted the demographics questionnaire and the SCQ. 
They were given an information sheet that described the 
basics of goniometry to ensure that all participants had 
general theoretical knowledge about the process. Partici-
pants were provided with instruction on the EGOTTPs 
and the IVR system. The participants were instructed 
to try to feel as if the virtual occupational therapist’s 
hands were their own hands and to try to feel like they 
were interacting with simulated world as they viewed 
the techniques. They were also instructed that this was 
an active leaning experience and that they should try 
to mentally synchronize their thoughts with the vir-
tual scenario, so that their thoughts and actions aligned 
with the virtual experience. All the EGOTTPs were pre-
sented to participants in the same order: radial/ulnar 
deviation, wrist flexion extension, forearm pronation/
supination. Each program ran ~ 13 min and all three rep-
etitions were completed for each measurement. Partici-
pants were given a short break between each EGOTTP 
in which they removed the HMD. After completing all 

three EGOTTPs, participants completed the efficacy and 
usability questionnaires.

Data analysis
Data were collected using REDcaptm and analyzed using 
SPSS (v. 28). Prior to analysis, data were cleaned, and 
subscale and total scores were calculated for each mea-
sure. Given our primary aim was to determine if the 
design of the EGOTTP was usable, analyses were pri-
marily descriptive using the data from the questionnaires 
to graph and visually identify if the EGOTTP was both 
usable and achieved some level of embodiment/presence. 
To assess efficacy, we compared participants confidence 
in their ability to perform goniometer measures pre and 
post EGOTTP using paired t-tests. We also calculated 
the effect size using Cohen’s D with the Hedge correction 
given the small sample size.

Results
Four entry level OT students (one in first year and three 
in final year) and a novice nurse laboratory technician 
participated in this study. None had experience in goni-
ometry. The average age of participants was 35.4 years 
(SD 10.2). Three of the five had participated in a 2-hr 
introduction to goniometry during COVID-19 pandemic 
with no practical skill component, two years prior to the 
study, and had not used the technique in clinical practice. 
All participants were fair to medium in skin tone. Two 
participants had used an IVR system previously.

Usability of the EGOTT
Figures 2, 3 and 4 display the participant and study level 
scores on the UES, SUS and NASA TLX. Overall partici-
pants reported high levels of engagement (UES) (Fig. 2) 
and visually there was similarity between participants 
in their ratings on the instruments. They indicated that 
the most taxing aspect of the EGOTTP was the mental 
workload (Fig. 3). Opinions varied on other measures of 
workload, but in general these were low. In particular, 
participants reported very little frustration. The overall 
grade for the EGOTTP on the SUS was “A” with 4 out of 5 
participants score indicating this grade. In general people 
rated all usability scores at 4 or greater (Fig. 4).

The PES total score was 4.8 suggesting a better average 
frequency of experiencing aspects of embodiment dur-
ing the EGOTTP (Fig. 5). Experiencing the EGOTTP as 
multisensory and having a sense of ownership of the limb 
were scored highly, a sense of responsiveness was lowest 
overall. Participants also indicated an average presence 
in IPQ with a total score of 4.8 (Fig. 6). Participants gen-
erally reported feeling spatially present and they had a 
sense of realism.
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Efficacy of the EGOTTP
Participants experienced a very large, significant 
improvement in confidence for every item as well as the 
total of the SCQ except for how energized they were to 
perform goniometry (Fig. 7). The largest effects were seen 
for how vivid images of goniometry were in the partici-
pants mind (Cohen’s D = 4.4); the participants perception 
of how well they thought they could perform goniomet-
ric measures relative to others at their stage (Cohen’s 
D = 2.4); and how easily they could “see” themselves 
performing goniometry (Cohen’s D = 2.3). Participants 
reported that the EGOTTP was helpful in preparing 

them to perform goniometry compared to others who 
had not received the training (M = 4.6, SD = 4.8).

Discussion
Despite a relatively small sample of participants, this 
study was able to examine the usability and aspects of 
the efficacy of an immersive virtual reality embodiment 
augmented training program for goniometry, called 
the EGOTTP, as a means of teaching this skill to OT 
students. Although there have been many advances in 
delivering the skill-based components of OT education 
such as the use of self-paced 3-D computer programs 
in anatomy and physiology (e.g. Anatomage table), and 

Fig. 3  Individual participant (Part) and mean scores on each category of the NASA Task Load Index (NASA TLX) scored on a 20 pt Likert Scale. Higher 
scores indicate a perceived higher work load except for the Performance category where a higher score indicates a greater perception of failure in ac-
complishing the task

 

Fig. 2  Individual participant (Part) and mean scores for each subscale and the Total score of the User Engagement Scale (UES) scored on a 5-pt Likert 
Scale. Higher scores indicate a more postive rating
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simulation environments to train interviewing skills, 
there is relatively scant literature on teaching basic man-
ual skills in virtual environments. This research pres-
ents one of the first attempts to determine the useability 
and efficacy of IVR embodiment augmented training. 
Our research supports the results of previous research 
using IVR to create a first person POV confidence [10, 

14–20]. Our participants reported that they felt signifi-
cantly more confident with their goniometry skills after 
participating in the EGOTTP. Further, our SVVR vid-
eos, as noted in other studies [10, 11]., were perceived 
as ecologically valid and engaging methods to take part 
in the training. Overall, this proof-of-concept study sug-
gests that further research to develop these technologies 

Fig. 5  Individual participant (Part) and mean scores for each subscale and the Total score of the Peck’s Embodiment Scale (PES) scored on a 7-pt Likert 
Scale. Higher scores indicate more frequent occurrences of the subscale

 

Fig. 4  Individual participant (Part) and mean scores on the System Usability Scale (SUS) for each of 10 items. Scored on a 4-pt scale. Higher scores indicate 
a higher degree of agreement. The Letter in parentheses after each Part is the overall grade calculated from the total SUS score
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Fig. 7  Comparison between means of item and total scores on the Self-Confidence Questionnaire (SCQ) between pre and post Embodied Goniometric 
Occupational Therapy Training Program (EGOTTP). The number in parentheses is the Hedges correction of Cohen’s effect size D. * p <.05; **p <.01; *** p 
<.001; NS = non-significant

 

Fig. 6  Individual participant (Part) and mean scores for each subscale and the Total score of IPG Presence Questionnaire (IPQ) scored on a 7-pt Likert 
Scale. Higher scores indicate a more positive response
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is warranted, and that students believe this approach can 
help them to develop manual therapy skills, as part of a 
holistic education program.

Usability of the EGOTTP
Overall, as we anticipated, participants in the study rated 
the usability of the EGOTTP as very high. Participant 
scores on the UES, SUS and NASA TLX all indicated that 
they were able to immerse well, felt spatially present and 
were able to engage well in the task. Of the six wrist goni-
ometry measures (flexion/extension, radial/ulnar devia-
tion, and pronation/supination), we learned that filming 
the scenarios with enough space for the participant to 
move was important. For example, the filming angles 
for pronation/supination required the simulated patient 
and occupational therapist in the video to be quite close 
(and large) in the environment and the participants all 
commented that this had felt uncomfortable. In future 
care should be taken to film with enough space for par-
ticipants to move towards, and away from the simulated 
patient in the VR. Anecdotally, participants also com-
mented that holding and moving the goniometer, thus 
activating the sixth sense of kinesthesia, was also very 
valuable to maintain realism in the experience. Activating 
the motor circuits and creating a motor memory for the 
moments of goniometry is vital for students to achieve 
to practice goniometry effectively and is one of the main 
advantages of using an EGOTTP.

Efficacy of the EGOTT
Again, as expected, the participants’ pre-post question-
naire results on the SCQ indicated they experienced 
significant improvement in confidence in performing 
goniometry. Confidence in ability, also known as self-
efficacy has demonstrated moderate positive associations 
with performance ability, which is why we used this as an 
indicator of efficacy for this proof of concept study [28]. 
The large increases confidence across all items supports 
our hypothesis that embodied goniometry can improve 
student performance. However, future studies should 
assess actual performance before and after EGOTTP to 
determine if the participants confidence translates into 
actual improvements in performance.

Implications for OT education
Occupational therapy practitioners often need to per-
form evaluation and treatment that require complex psy-
chomotor skills combined with strong clinical reasoning 
[29]. The CBE model of teaching focuses on ensuring that 
OT students achieve competence in these psychomotor 
skills. Bloom’s taxonomy provides one way to organize 
and describe competence in psychomotor learning. In 
the taxonomy, psychometric learning consists of seven 
increasingly complex phases; perception, set, guided 

response, mechanism, complex overt response, adapta-
tion, and origination [30]. These first three phases, per-
ception, in which the learner observes and develops a 
basic awareness of the psychomotor task, set, in which 
the learner develops the mindset that allows them to act, 
and guided response, in which the learner begins trial-
ing the physical skill, can be addressed through SVVR 
training. In the EGOTTP, an OT student can observe 
the goniometric process and hear a master clinician 
describe how to perform it (perception and set). It also 
provides OT students with the opportunity to do an ini-
tial “practice” of the skill through embodiment and men-
tal rehearsal (guided response). Once the OT student 
has practiced the skill using the EGOTTP, they work on 
developing the skills into habitual responses (mecha-
nism), thus achieving basic competence of the skill. As 
the OT student starts fieldwork and subsequently enters 
practice they can continue to refine and strengthen their 
goniometry skills. Competence in other OT psychomo-
tor skills, such as manual muscle testing and upper limb 
splinting could also be taught using IVR. Thus, IVR and 
SVVR experiences hold great promise as one tool to pro-
mote CBE.

Limitations and areas for further research
This study included only five participants and was a 
proof-of-concept study which only focused on deter-
mining the useability and elements of the efficacy of the 
EGOTTP. As noted above, further research should be 
undertaken to determine how IVR experiences can be 
incorporated into a holistic education program in train-
ing technical skills such as goniometry, and with larger 
sample sizes. Research is also required to identify which 
skills might lend themselves to IVR training. For exam-
ple, splinting, manual muscle testing, and sensory testing 
may all translate well to skill acquisition in a IVR envi-
ronment, while learning to administer cognitive and per-
ceptual assessments to patients may not. Research is also 
required to more comprehensively determine if the use 
of a EGOTTP alone, or in combination with traditional 
educational methods is superior for training goniom-
etry skills compared to regular class-based education, 
through conducting a randomized controlled trial on the 
topic. If IVR is used as part of a comprehensive program, 
then the ordering of the materials also becomes impor-
tant, for example, should students read through a text on 
the technique, try it face to face in a tutorial-style learn-
ing environment, and then rehearse using IVR, or the 
reverse? These elements could be included as aims of a 
larger RCT. Finally, as noted above, while we examined 
the confidence aspect of efficacy, we did not formally 
measure participant practical skill in goniometry pre and 
post participation in an EGOTTP. We recommend that 
a simple rating scale be developed for future research so 
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that participant accuracy in undertaking each element of 
goniometry of the wrist can be recorded.

Conclusion
With the increased interest in CBE, educators seek cre-
ative approaches to engage learners and promote skill 
acquisition. The use of IVR and embodied experiences 
to educate students is an ecologically valid and attractive 
approach to train students in specific skill acquisition. 
This proof-of-concept study demonstrates some positive 
results and provides initial support for the use of IVR 
programs with embodied learning experiences as adjunct 
to traditional educational methods in manual skill train-
ing such as goniometry. While this study suggests that 
participants did engage in this learning approach and 
believe it supports skill acquisition, further research 
is required to support its use. Future research needs 
to establish how, where and when an approach like the 
EGOTTP should be used, and to empirically test if the 
use of IVR as part of, or in place of, traditional learning 
approaches is effective for students to gain skills.
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