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As veterinarians face increasing pressure to possess basic ultrasound competence upon 

graduation, demand to produce reliable teaching and assessment simulation is also increasing.  

Through structured practice with eventual transition to independent practice, a simulator 

enriched environment has shown effective at teaching core ultrasound skills to veterinary 

students. The difficulty in creating valid training models and lack of proper model validation 

documentation within veterinary sonography education continues to be a challenge. This thesis 

investigates the development and validation of an accessible and inexpensive ultrasound 

simulation model.  We found that this ultrasound simulation model showed excellent 

preliminary acceptance by veterinary students and radiologists for teaching fundamental 

ultrasound skills. It effectively discriminated between novice and experts in most of its tasks and 

considered an acceptable training tool, therefore establishing both construct and face 

validity.  This model represents an important step in the development of simulation-based 

teaching tools within veterinary ultrasonography. 
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1.1 Ultrasound in veterinary medicine   

Of the diagnostic tools available to the clinician, imaging is among the most valuable and 

definitive. Within diagnostic imaging, technology is rapidly evolving, as is the potential to solve 

the most challenging diagnostic problems. With the widespread use of ultrasonography across 

many specialties, and its integration into daily practice, there is an increased expectation for 

veterinarians to be competent in these skills upon graduation. 

As ultrasound (US) is portable, inexpensive and safe, it has become a favorable 

diagnostic imaging modality amongst clinicians (1).  It fosters collaboration between specialists 

and bridges the gap between theory and clinical applications for learners, making it a desirable 

teaching tool. Despite US becoming commonplace in veterinary clinical practice, its integration 

into the curriculum has been inconsistent (2) with newly minted veterinarians feeling 

underprepared and lacking the resources necessary to graduate with basic US proficiency (3–5). 

Teaching US to medical students has shown to advance certain diagnostic capabilities, 

improve the safety of certain procedures, and allow faster anatomic identification (6,7).  Despite 

this, some researchers are skeptical and feel that the movement to integrate US into the 

diagnostic imaging curriculum is powered by enthusiasm, informed by minimal evidence and 

weak empirical research (8,9). These contrasting bodies of thought have resulted in considerable 

intra-institutional curricular variation and thus inconsistency in the preparedness of graduates as 

it pertains to US. 

Due to its perceived benefit to medical practitioners, the American College of Emergency 

Physicians released a policy statement (2016) advising that US be integrated into the medical 

school curriculum and defined a pre-requisite number of scans to be performed prior to 

graduation (1).  Despite this, only half of North-American medical schools have integrated US 
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instruction into their curriculum and in circumstances where this has occurred, student US 

experience is falling very short of the established guidelines (10).    

Within veterinary medicine, guidelines for US instruction do not exist and teaching styles 

vary considerably between instructors and institutions.  The Professional Competencies of 

Canadian Veterinarians document, which acts as a basis for curriculum development at the 

Ontario Veterinary College (OVC), was last updated in 2000. Ultrasonography was not 

acknowledged in the document, nor was it even mentioned under the “Tests and procedures that 

graduates should be aware of but not necessarily be able to perform”.  Additionally, no mention 

of domains for competence pertaining to ultrasonography occurred in the last competency-based 

veterinary education document released by the Association of American Veterinary Medical 

Colleges (AAVMC) in 2018.  Therefore, establishing a North American consensus statement for 

veterinary students with specific institutional guidelines for teaching US is long overdue.   

The current lack of regulation in US education makes it difficult to identify learning 

education gaps and research needs. Further, it makes the creation of effective US simulators 

challenging. As some veterinary institutions are already teaching ultrasonography, prospective 

data collection could present an invaluable opportunity to interpret continuing experiences at 

these institutions, identify holes in the curriculum and pinpoint areas where ongoing research 

should be directed.  

In 2003, Buter et al. (4) conducted a satisfaction survey of new veterinary graduates and 

their employers one-year post-graduation from the Ontario Veterinary College 

(OVC).  Graduates ranked their proficiency in ultrasonography low and the general consensus 

was that they felt ill-equipped in this imaging modality. More recently, Alexander et al. (2013) 

(3) reported that graduates desire more practical experience and training in US under direct 
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supervision from qualified radiologists.  A large proportion of graduates also commented that 

despite there being alternative US teaching resources available in the curriculum, there was 

insufficient time to take advantage of them.  On a similar note, through a nationwide general 

needs’ assessment, in (2018) (5) determined that simulation-based training in basic abdominal 

ultrasonography (amongst other interventional US-guided procedures) was in high demand 

within simulation-based curriculums.  This research perhaps suggests a mismatch between the 

expectations of veterinarians upon graduation in their ability to perform fundamental US 

techniques, and the teaching resources available within the curriculum. 

Ultrasonography is a complex, advanced skill requiring frequent repetitive exposure for 

mastery.   Providing each student with adequate probe time and one-on-one instruction is a 

challenge in the diagnostic imaging curricula, in part due to the abundance of theory and 

imaging modalities that must be mastered by students during the preclinical and clinical 

years.  The difficulty in providing adequate instruction time has been exacerbated by the current 

shortage of academic radiologists, in part due to the drift of specialists towards private practice 

and teleradiology (11).  Consequently, schools are feeling pressure to modify their curricula to 

find alternative methods to ensure technical competence upon graduation (12).   

1.2 – Ultrasound simulation 

1.2.1 – Advantages of simulation 

One such solution to the increased demand for US training and proper quality 

assessment and control is the integration of simulation technology into the curriculum (13).  

Non-healthcare industries, especially those involving high risk, have been using simulation for 

over 90 years, thus providing novices with “permission to fail” over and over within a low-

stakes setting until a consistent minimum standard is achieved.  Simulation technology has 
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already proven itself in other fields such as nuclear and military industries, as well as aviation 

(13).  Comparatively speaking, the healthcare field lags behind other industries when it comes to 

simulation-based education, especially in the field of ultrasonography (14,15).   

A simulation model allows a trainee to master a clinical skill at their own pace in a 

controlled, low-stakes environment. Simulators diversify the curriculum, serve as low-cost 

alternatives to training, and promote structured repetition of a task as a habit is developing.  

Simulation promotes a standardized approach to instruction, thereby ensuring students receive 

equal exposure to training opportunities and increasing novice confidence to perform a skill 

reliably and accurately in a clinical environment (16).  Additionally, simulation minimizes the 

use of live and cadaveric animals, which despite their realism, present an ethical dilemma and 

remain difficult to source, hold and dispose (17).  As learning can be quantified with the use of 

simulation when it is based on a series of validated and reproducible metrics, evaluation of 

proficiency on the premise of predetermined outcomes can occur (18,19).  Simulators have 

shown the ability to predict learning curves in a clinical environment (20) allowing sonography 

educators to intervene on student specific learning issues early on in the learning process.  

Further, the use of US simulation in the medical health care field has helped overcome shortages 

in instructor supervision and improved diagnostic accuracy and patient safety (21).  As US 

simulators are self-directed and intended for independent practice, they are appropriate in 

resource-limited settings and to reduce the number of live animal scans required by students 

(17,22). 

Specific to the healthcare field, studies which follow trainees from simulation to real-

world application have shown that use of simulation leads to more accurate and faster 

acquisition of technical skills, increased patient satisfaction (23,24), and a role in maintaining 
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knowledge and preventing procedural skill decay. The latter being particularly important in the 

medical field where maintenance of a diverse and large array of skills is required (25).  

Simulation based research specifically in the field of surgery and surgical laparoscopy has 

shown the greatest potential within veterinary medicine thus far. 

Support for the use of simulators as an adjunct to the pre-existing curriculum for retaining 

and practicing US skills is also evident (12,26).  Literature shows that as the number of US 

scans for a novice increases, so does proficiency and that loss of skill is associated with less 

practice (27,28) supporting its potential for maintaining long term skill retention amongst 

learners.  In 2019, Le et al. (27) found that a group of students who received extra self-directed 

training sessions using an US simulator outperformed a control group 8 weeks later on a visual 

and practical examination. Although the exact number of scans required for a novice to obtain 

proficiency is variably reported, further research could shed light into the use of US simulators 

for practicing previously learned skills rather than just teaching new skills which has been the 

focus of much of the literature thus far.  

1.2.2 – Disadvantages of simulation 

Despite promising results that simulators have the ability to improve technical skills, reduce 

time spent in the learning gap, and improve patient safety and client satisfaction (29,30), 

simulators offer some disadvantages.  While simulation fosters a nurturing learning environment 

and has the ability to imitate many scenarios and tasks, it is not always possible to mimic a true 

clinical experience (31).  Detrimental habits or shortcuts may be learned in the absence of 

instructor supervision which could reinforce bad habits that are then transferred into the clinical 

world (32).  It is for this reason that instructional videos and feedback are an important aspect of 

a simulation model and program. The addition of US simulation to an already saturated clinical 
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program could overwhelm and de-motivate students to reach for a simulator in favor of a 

quicker approach to learning.  Further, funding for simulators often battles that allocated for new 

clinical instructors (33,34).  As there are many different and valid ways of teaching a skill, 

designing and establishing metrics in a specific way may deter learners from coming up with 

alternative ways to achieve a similar outcome, thus limiting learner creativity (17). 

Despite promising research, challenges within simulation education do exist.  Model 

development cost and production, lack of research, funding, and generalized skepticism from 

the healthcare industry have caused variable degrees of acceptance and uneven integration of 

simulation technology into the curriculum (35).  Despite results demonstrating that simulators 

have the ability to improve specific technical skills, reduce time spent in the learning gap, 

improve patient safety, and client satisfaction (29,30), some results have been equivocal or have 

demonstrated poorer skill acquisition between simulation and live patient interactions 

(9,12,14,36–38).  In two studies by Bentley et al. (2015) and Damewood et al. (2001) (12,37), 

no significant difference in scores were noted in students’ ability to perform FAST scans on a 

live patient after randomization of students to a human model or a simulator for learning US 

skills. Further, poorer scanning technique and image acquisition skills were noted in a group of 

students who learned transvaginal sonography on an US simulation model versus those who 

used live models (38). Some researchers (8,9,14), have therefore expressed reluctance to 

continue on the current trajectory of integrating US simulation into the medical school 

curriculum due to lack of compelling literature demonstrating that it can improve student 

understanding of anatomy and diagnostic accuracy.  Further adding that the movement towards 

integration of US into the curriculum is powered by enthusiasm, informed by minimal evidence 

and weak empirical research.  Since the systematic review expressing these concerns was 
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published by Sidhu et al. (2012) (14), several strong clinical trials have continued to 

demonstrate encouraging results where learners have performed as well (12,39) or better than 

their peers (28,40) after the addition of US simulators to their curriculum (41–43).  Further, 

these results are consistent with other industries who have been demonstrating the benefits of 

utilizing simulation-based education for almost a century. 

 

1.3 – Simulator types 

There exists much variation in commercially available US simulation models and they 

span a range of sophistication and fidelities. From simple models made of perishable food items 

to complex, high-fidelity simulators using virtual reality and advanced haptic 

technologies.  Prices range considerably from several dollars to thousands of dollars as seen 

with the Kyoto Kagaku and Blue Phantom US-guided pericardiocentesis models.  The simpler 

models offer a cheaper and more readily available alternative but come with a short shelf-life 

and an inability to replicate life-like scenarios. Several gelatine and agar-type US simulation 

models are documented in the literature such as those created by Earle et al. (2016) and Amini et 

al. (2015) (44,45).  Another simulation model created by Augenstein et al. (2016) (46) was 

made by embedding paintballs within polenta and was designed for practicing US-guided 

abscess drainage. While these types of simulators are accessible in cost restrictive situations, 

they are subject to decomposition and can only sustain a limited number of uses prior to needing 

replacement. More durable phantoms exist which can be constructed at home or are available 

commercially (e.g., the Blue Phantom models).  Amini et al. (2015) (45) created an US 

simulation model composed of ballistics gel with embedded plastic tubing to simulate vessels 

within soft tissue designed for trainees to practice US guided venous catheterization.  A similar 
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model using ballistics gel with embedded Penrose drains filled with water was created by 

Doctor et al. (2018) (47); the model was shaped using a plaster mold to replicate a human arm, 

thus offering more realism. Various limited use, low-cost US-guided pericardiocentesis models 

have been created as a training tool for emergency physicians and veterinarians such as that 

created by Sullivan et al. (2018) (48). None however, have seen widespread adoption like the 

Canine Laparoscopic Simulator (CLS) for developing and evaluating laparoscopy skills in 

surgical residents (49).  Several high-fidelity US simulation models are documented in the 

human medical literature which have been studied to varying degrees, such as the Blue Phantom 

or CAE Vimedix. These high-tech models teach more advanced skills in a real-life manner but 

can be cost-prohibitive and difficult to maintain and replace with such rapidly evolving 

technology.  The more advanced models will not be reviewed for the purpose of this literature 

review which has a focus on teaching basic US techniques to veterinary students using lower-

fidelity, part-task training models.   

1.4 Achieving ultrasound proficiency 

1.4.1 – Reducing cognitive load  

US proficiency best occurs with deliberate practice, formative feedback, and task 

repetition through integration of simulation into the curriculum (13,50).  Training novices on an 

US simulation model until they can reliably perform US techniques in a sound way, under 

suboptimal circumstances will maximize the chance of effective skill transfer to a clinical 

environment.  By reducing the heavy cognitive burden on learners, simulator practice also 

enhances subsequent learning in a clinical scenario (13,51).  Per the Cognitive Load Theory, as 

a novice scanner acquires skill competence, there is a transition to muscle automation with less 
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reliance on short-term memory.  This allows cognitive resources to be redirected towards the 

more important challenges encountered in a clinical scenario such as understanding physiology 

and problem solving (52).  Simulation-based education is important for this reason and is best 

targeted at novices learning new skills before they transition into a clinical scenario (53,54). 

As per the long-standing motor skills learning theory, there are three stages through which a 

learner will progress while obtaining skill proficiency: cognitive, associative and autonomous 

stages.  In the initial stage, learners recruit considerable cognitive resources to complete the skill 

and deliberate focus is required.  Performance becomes more consistent with fewer errors with 

the transition to the associative stage. Finally, the autonomous stage is achieved when 

movements become maximally efficient and automatic (55).  Progressing through these learning 

stages and achieving automaticity of a skill is augmented with the repetitive, goal-directed 

practice that occurs in a simulated environment (54).  

 Consistent with these recommendations, veterinary surgical laparoscopy has demonstrated 

that early stages of learning are best done outside of the operating room during a time when 

novices are most prone to error (49), thus keeping learners away from live patient interactions 

during a time when they are most likely to make critical errors (56).  In these circumstances, it is 

preferable to train a novice to the highest level of proficiency rather than a minimum passing 

standard, such that faults and oversights can be resolved prior to interaction with live patients 

(57).  

1.4.2 – Simulators within veterinary medical education 

Several simulators have proven capable of supporting novices through these stages. The 

McGill Inanimate System for Training and Evaluation of Laparoscopic Skills (MISTELS 

simulator) has improved performance in laparoscopic surgery residents and boasts nearly perfect 
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interrater and test-retest reliability (32).  Similarly, after training residents to proficiency using 

the Fundamentals of Laparoscopic Surgery (FLS) simulator, Sroka et al. (58) has proven 

statistical and clinical improvement in operating room skills.  Specific to ultrasonography, 

Mendiratta-Lala et al. (18) demonstrated improvement in procedure dexterity scores for 

residents learning US-guided procedures on a Blue phantom part-task trainer mannequin.  The 

above scenarios all represent examples of simulator-based training where a portion of the 

learning occurred prior to encountering a clinical scenario. 

1.5 – Quality assessment and control 

Not only has simulation proven effective at training, but also in quality and assessment 

of evaluation.  As considerable inter-learner variation exists in the amount of practice required 

to achieve US proficiency (20,59), simulators help identify when a learner has acquired the 

skills necessary to progress to a more complex clinical scenario.  Once validated, simulators can 

serve dually as teaching tools as well as objective forms of assessment. Technical skill 

development and assessment using simulation is now mandated for board certification in many 

human healthcare and (soon to be) veterinary specialties (13,35,49).  For example, completion 

of the Fundamentals of Laparoscopic Surgery (FLS) course using the MISTELS simulator is a 

surgical resident boards requirement.  Similarly, the American Board of Anesthesiology requires 

simulation-based training as part of their continuing education and recertification processes (35). 

The adoption of quantitative processes like the Objective Structured Clinical Examination 

(OSCE) are now a widely accepted form of educational assessment within both veterinary and 

human medicine which rely heavily on the use of simulation for assessment (13).  In these ways, 

the use of simulation within the health care field is contributing to a more comprehensive 

assessment of proficiency and critical evaluation of trainee performance.  
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1.6 – Simulators and sonography education 

Specific to ultrasonography, there is mounting evidence for the positive effects of 

simulation through strong clinical trials. In a multicenter randomized controlled trial, Østergaard 

et al. (2019) (60) demonstrated improved radiology resident performance in diagnostic US 

scanning compared to standard clinical training on live patients after simulation-based mastery 

learning.  Mastery based trained students achieved proficiency approximately twice as fast as 

their peers. Similarly, a simulation-based learner curriculum resulted in comparable or greater 

knowledge and confidence in each area of ultrasound versus the comparison groups in a study 

by Rosen et al. (2017) (36).  In another study by Olszynski et al. (2016) (61), both trainees and 

instructors deemed ultrasound simulation valuable through improved image interpretation, 

knowledge of indications, and clinical skill integration with regards to resuscitative point of care 

US skills. Further benefit to ultrasound simulation was demonstrated in a study by Madsen et al. 

(2017) (20), where the performance of midwives learning transvaginal sonography in a 

simulated US environment correlated with their subsequent performances in a clinical scenario. 

Those who had short learning curves in a simulated environment also outperformed their peers 

in a clinical setting.  Clinical trials demonstrating the positive outcomes of simulation education, 

including the ability to predict subsequent learning curves in a clinical environment (20), largely 

dominate sonography literature.   

Despite some skepticism, world-wide use of simulation within the healthcare field 

continues to rise (10,62–64) and model development is in high demand amongst students and 

educators. Students in particular are ambitious about the integration of US simulation (35).  In 
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2015, Gibbs (17) had students and mentors complete a series of modules using the Metaphor 

ScanTrainer US Simulator®.  Telephone interviews were conducted to explore students' 

perceptions of the effectiveness of the simulation-based learning in preparing students for real 

life scanning.  Students and mentors agreed that the simulation increased the acquisition of 

rudimentary US skills, helped translate theory into technical competency in a low-stakes 

environment, and could help to respond to instructor shortage issues. Some limitations were also 

recognized such as poor model ergonomics, and a low complexity simulator.  A study by 

Alexander et al. (2013) (3) explored the perceptions of veterinary students regarding the 

usefulness of a variety of learning resources within diagnostic imaging.  Students indicated that 

the resources used to teach equine radiology and ultrasonography in particular did not meet their 

needs.  Given the option, students preferred to have a variety of learning resources as this made 

learning more personal and enhanced interest and enthusiasm in the topic (34).  These findings 

suggest that simulation may be a vital learning tool which could compliment and add diversity 

to the existing curriculum and stimulate student engagement.  The important role that simulators 

play in sonography education is becoming increasingly clear. As US simulation is implemented 

into learning processes, strategies to support this generation of students and educators will be 

necessary by creating an effective learning climate backed up by well-conducted simulation-

based research (17).   

1.7 – Ultrasound in the curriculum 

1.7.1 – Approaches to learning 

Historically, US has been taught with a time- or volume- based approach with varying 

opinions on the amount of time or the fixed number scans required to produce a competent 

student (65,66).  As substantial variance in novice learning curves pertaining to ultrasonography 
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has been shown (67,68), establishing a uniform curriculum that meets the needs of each 

individual student is challenging (68–70).  One issue with the volume-based approach to 

teaching is that little standards for teaching or criteria for objectively evaluating competence are 

provided (19,58). Further, potentially invasive medical procedures are practiced on live patients 

yielding ethical concerns for patient safety.  These obstacles indicate that the volume-based 

approach to learning is not a reliable predictor of US proficiency and suggests the need for more 

personalized learning (66). 

Recently, there has been movement towards mastery-based training (MBL) as distinct 

from the conventional apprenticeship training (otherwise known as the Halstedian model: “see 

one, do one, teach one” approach). The latter now recognized as expensive, inefficient and 

unpredictable (14).   MBL refers to the demonstration of skill competency on a simulator prior 

to moving on to a new task.  In two studies by Tolsgaard et al. (68,71) learners who practiced 

skills in a simulated environment using a mastery-based approach, benefited more from their 

subsequent learning in a clinical environment.  Pressure for the pedagogical migration towards 

MBL is multifactorial. The increasing hospital case-load, concurrent instructor shortage, ethical 

dilemma of learning new skills on live patients, and the increased costs of medical care are all 

thought to play a role (19).  Further, many clinical evaluators have never received training on 

how to be an effective clinical instructor (19) and may lack the communication skills or the 

desire to teach, thereby making it more difficult to produce competent students through a 

volume-based approach to learning (72). Finally, with the apprenticeship model of learning, 

case exposure and instruction vary considerably between students which presents an issue when 

trainees learn and develop competence at different rates (60).  Naturally, with the movement 
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towards MBL and the integral role that simulators play with it, simulation technologies are 

becoming more widespread and valued.  

1.8 - Model validation 

1.8.1 – Importance of model validation 

As veterinarians face increasing pressure to have basic US competence upon graduation, 

the demand to produce valid and reliable simulation for teaching and assessment will also 

increase. Amongst veterinary trainees, improved confidence level and skill acquisition using 

simulation has only been subjectively demonstrated in part due to the lack of documented 

validated simulators (50). Thorough validation of a model and its metrics present many 

challenges, and currently there is a lack of research documenting proper model validation within 

veterinary sonography education (16).  To enhance performance in clinical settings, US 

simulation training first requires the important step of model validation (50).  Prior to investing 

in a model, validity of the model must be established and justified as it ensures that an 

educational tool actually teaches and measures what it intends to, and that the results are precise 

and reproducible (73).  Without this, legitimacy and relevance to a curriculum cannot occur, and 

conclusions regarding the model’s efficacy cannot be drawn.  Conducting research and reporting 

results on a non-validated model or prematurely adopting it into the curriculum could lead to 

detrimental outcomes such as creating bad trainee habits, and wasting valuable instructor/learner 

time (19).  While strong validation studies within the healthcare field do exist, they are hard to 

come by (14,31).  Although validation can seem daunting, efforts to validate the skills most 

commonly encountered in a clinical scenario should be first prioritized. Careful problem solving 

and trial and error are required to predict which US-based tasks can be tested in a simulation 

environment that will effectively translate into improved patient care in a clinical setting (35).  
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In order to produce competent learners who successfully transition from theory to simulation 

and then to live patients, sound and valid evidence-based models must exist. 

1.8.2 – Model validation in the literature 

Of the available US simulation-based literature in the healthcare field, few authors report 

using model validation, blinding, randomization or the use of control groups (14,31).  Only 14 

studies related to US simulation were identified in a systematic review between 1940 and 2011 

by Sidhu et al. (2012) (14).   Half of the studies on US simulation were prospective and 

noncontrolled in nature. Only 36% of studies effectively evaluated a control group, and of those, 

less than half used randomization. The remainder were low-power descriptive surveys focusing 

on model validation.  The scarce literature could be in part due to a lag in research with the 

recent emergence of simulation technology in medical education, or perhaps due to the 

challenges that come with demonstrating effective transfer of skills from a simulation model to 

an in vivo environment (14).   

 Many studies have created and conducted research on simulation models with or 

without prior model validation.  Baranauskas et al. (74) examined the speed and accuracy of 

trainees learning an US-guided peripheral nerve block on an experimental agar simulation 

model.  Although a trainee learning curve was generated, the results of the study were based on 

a non-validated model, very small sample size, and no randomization.  To assess the abilities of 

veterinary students in ultrasonographic identification of radiolucent foreign bodies, Beraldo et 

al. (75) embedded foreign objects (a pacifier nipple, a toy ball, a sock, nylon thread, and a 

mango seed) in gelatin and surveyed participants on their experiences.  Students were able to 

identify the presence of foreign objects but were not able to identify object type in most 

cases.  All thirty students found the experience to be useful and applicable to a clinical setting 
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and simulator associated costs were low in comparison other common commercially available 

US simulators on the market.  Little information was provided regarding the rationale for 

foreign object selection or if radiologists were involved in the model development period.  The 

model was not validated formally and no clinical trial was performed. None the less, this 

represents one of the few veterinary US simulation studies in the literature. 

Some properly validated studies within veterinary medicine do exist.  An example of a 

well validated model in veterinary medicine is the canine laparoscopic simulator (CLS) which 

was designed specifically for veterinarians after inspiration from the well accepted McGill 

Inanimate System for Training and Evaluation of Laparoscopic Skills (MISTELS) in human 

medicine (32).  CLS has proven reliable and valid and demonstrated improved laparoscopic 

performance amongst veterinary surgeons after use (49).  The CLS inanimate box trainer has 

effectively demonstrated content, face and construct validity as well as reliability, thus adhering 

to Kirkpatrick’s level 1and 2 learner reactions (76).  One disadvantage is that unlike its human 

health care equivalent (FLS), CLS has yet to demonstrate transfer of skill to the operating room. 

Further research is required to correlate performance on the CLS with performance in the actual 

operating room using a validated measure such as GOALS (32).  Experiments using the CLS 

have been well-controlled and validated (76) and have demonstrated excellent study design and 

methodologies thus far, therefore serving as an example for veterinary sonography simulation  

education. 

1.8.3 - Skill acquisition  

Within US simulation-based education, some research has demonstrated acquisition of 

new knowledge and skill post simulation practice.  Fewer researchers have demonstrated that 

simulation practice actually results in long term patient benefit through improved medical care, 
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however. A controlled prospective cohort study by Knudson et al. (77) demonstrated higher 

post-test marks in residents who used a simulated abdominal trauma sonography model versus 

those who did not, thus demonstrating skill acquisition post-simulator use.  It should be noted 

that the difference between the two groups was not found to be significant and no true 

randomization took place in the study.  In a study by Heer et al. in 2004 (78), a trans-vaginal US 

simulator was created which demonstrated new skill acquisition by medical students trained in 

its use. In another prospective cohort study by Woo et al. in 2009 (79), a significant 

improvement amongst emergency residents in performance scores and global rating assessments 

after practice and instruction on a central venous catheter simulation model was found. This was 

one of the only studies to effectively create reproducible methods and proper 

blinding.  Unfortunately, no control group was used.  Finally, in 2011, Stather et al. created an 

endobronchial US simulator (80).  Increased speed and improved ability to perform certain 

procedures such as US guided lymph node detection, amongst thoracic surgery trainees post 

simulator use was found when compared to those who only practiced on live patients. An 

important caveat to this study is that trainees entered the study with varying levels of experience 

and no true randomization was employed.  The latter are all examples which demonstrate 

acquisition of skills and improved trainee performance on simulation models after practice.  The 

next step is to demonstrate that the skills developed with simulator use effectively translate into 

clinical practice. 

1.8.4 - Skill transferability  

There are a few select studies that have demonstrated successful transfer of skill from a 

validated simulation model to real-life, and within these studies, there remain important 

methodological caveats. An example of a study that has adhered to some of these criteria is 
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Maul et al. (16), who investigated the effectiveness of an obstetric trans-vaginal US simulator 

(SonoTrainer) during first-trimester pregnancy. For participants who trained using this model, it 

was found that measurements in nuchal translucency thickness and crown-rump length in babies 

were significantly improved on live patients.  Despite some limitations to the study, such as a 

lack of randomization and poorly defined cohort level selection criteria, this is a rare situation 

where transfer of skills from a simulation model to a clinical situation was effectively 

demonstrated (14).  Similarly, Evans et al. (81) conducted a prospective, randomized, controlled 

single-blinded study in 2010 with medical residents and found that competency-based 

simulation training was associated with improved in-hospital US guided central venous catheter 

placement.  Likely the best study published to date is that by Østergaard et al. in 2019 (60). A 

multicenter randomized controlled trial was conducted to determine the effect of simulation-

based mastery training on clinical performance in abdominal diagnostic US amongst radiology 

residents.  Residents were found to have improved performance in diagnostic US scanning in a 

clinical setting after simulation-based mastery learning using a simulation model.  This study 

had minimal to no limitations and effectively used randomization and a previously validated 

global rating scale; the Objective Structured Assessment of US Skills (OSAUS) 

program.  Despite a promising start, US-based medical education is in desperate need for more 

research like this.  

With changes in the style of education, it is clear that a multi-layered instructional 

approach, including simulation technology is required to effectively and safely teach novices 

learning ultrasonography (82).  Despite the growing needs, widespread adoption of US 

simulation and standardization across educational training programs has not yet occurred and 

there remains a need for quality assurance.  High-caliber research will be paramount in 
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identifying specific outcome assessments and determining which type of US simulators will 

maximize skill acquisition and retention amongst veterinary students. US simulation education 

will aim to create sound, valid models and clinical trials which has been the case in surgical 

laparoscopy and many other industries thus far.  With US simulation being a versatile adjunct to 

conventional teaching, current curricula may be modified or supplemented.  Benefits seem to 

justify the financial and time investment associated with simulation based medical education. 

Collaboration across other disciplines, especially those who have already successfully integrated 

simulation technology into their educational programs will be vital to yielding effective 

procedural training in an efficient way. Successful outcomes will require great discipline and 

intention across the veterinary field (31). These concepts are further explored in the subsequent 

thesis chapters. 

1.8.5 – Thesis objectives  

The purpose of this research was to investigate deficits within veterinary sonography 

simulation education and to contribute to the field by developing and validating a model for 

teaching fundamental ultrasound skills to veterinary students. 

Objectives: 

• Review the literature to identify the needs of veterinary graduates when it comes to 

performing basic ultrasound skills. 

• Identify which types of ultrasound simulation models currently exist and how they are 

being used within veterinary sonography education. 

• Develop testable objective criteria for teaching and assessing ultrasound competence 

using a simulation model. 
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• Create an ultrasound simulation model to teach fundamental ultrasound techniques. 

• Help contextualize theoretical ultrasound knowledge amongst veterinary students. 

• Validate an ultrasound simulation model. 

• Conduct post-participation surveys to obtain participant feedback and to guide future 

directions. 

• Set the ground work for assessing skill acquisition from the model and subsequent 

transferability to a clinical scenario. 
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2.2 - Abstract 

Veterinary ultrasonography is a complex, advanced skill requiring repetitive exposure 

and supervision to gain competence. Consequently, newly graduated veterinarians are 

underprepared and lack the resources to achieve basic ultrasound (US) proficiency upon 

graduation. US simulation has been proposed as an adjunct educational tool for teaching entry-

level US skills to student veterinarians. The objectives of this prospective observational cohort 

study were: to describe the development of a novel US training model, and to establish model 

construct and face validity. The model was constructed using three-dimensional silicone 

geometric shapes embedded in ballistics gel within a glass container.  A novice cohort of 15 

veterinary students and 14 expert participants were prospectively enrolled in the study.  Each 

cohort underwent training and assessment phases using the simulation model to complete three 

tasks: 1. locate shapes in the model, 2. identify shape type from a shape bank, and 3. obtain 

shape measurements using the caliper tool. Time for each phase was recorded. Anonymous 

post-participation survey feedback was obtained. In the majority of cases (4/6), experts 

performed significantly better than novices in identifying shape type and location.  No 

significant difference was found in participant mean long axis shape measurements, however 

experts tended to be more accurate.  More experts correctly identified shapes compared to 

novices.  No significant difference was found in scan time in either phase. Significant 

correlations amongst visual analogue scale survey questions were found. The results provide 

evidence to support use of this training tool in the veterinary curriculum to teach veterinary 

students entry level US skills. 

Key words: ultrasonography, training, model, simulation-based medical education, validation 
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2.3 - Introduction 

Of the diagnostic tools available to the clinician, ultrasonography is amongst the most 

valuable and has the potential to help solve the most challenging diagnostic problems. As with 

all technical procedures, it is an advanced skill requiring repetitive exposure to obtain 

proficiency, and diagnostic utility is dependent on operator skill level (1–3).  With US reliance 

increasing amongst medical specialities (2,3), there is a greater expectation for veterinary 

students to demonstrate basic US proficiency upon graduation.  Despite this, many students are 

unfamiliar with this modality and feel they lack the resources to achieve basic US proficiency 

upon graduation (4–6). Providing students with adequate instruction in ultrasonography is a 

challenge given the long learning curves (7), the ethical dilemma of learning new skills on live 

patients, and the fact that supervised hands-on training is resource-intensive in light of the 

abrupt shortage of academic radiologists the specialty is experiencing (8–10).  

One such solution to the increased demand for US training and proper quality 

assessment and control is the integration of simulation technology into the curriculum (11).  

Simulation allows repetitive, goal directed practice in a controlled, low-stakes environment. 

Besides ensuring equal exposure to training opportunities, simulation also reduces instructor 

supervision in resource limited settings.  It allows evaluation on the premise of predetermined 

outcomes and yields reproducible metrics for evaluation.  Finally, by reducing heavy cognitive 

burden on learners, simulation enhances subsequent learning in a clinical scenario (11,12). 

For a learner to effectively acquire new US skills and subsequently transfer them to a 

clinical scenario, valid and sound evidence-based US simulation models must exist (9). 

Regardless of model fidelity, it is important to examine the validity and reliability of a 

simulation model to ensure that it teaches what it intends to and that its outcome assessments 
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match the curriculum’s training objectives for a particular level (9,13,14). Currently, no 

standardized validated US simulator for teaching and evaluating US proficiency exists within 

veterinary sonography education as it does in other specialties.  Further, the models which do 

exist seldomly demonstrate proper model validation (14–16).  Thorough validation of a model 

and its metrics is challenging, requiring careful problem solving and trial and error to predict 

which US-based tasks can be tested in vitro that will effectively translate into improved patient 

care in a clinical setting. Model use without prior validation can lead to premature adoption of 

inefficacious material into the curriculum which could consume valuable teaching time and 

compromise long-term patient safety (9,14).  

Although several forms of model validity exist, face and content validity are the focus of 

this study. Face validity subjectively evaluates if a simulator measures what it intends to. 

Construct validity determines a simulator's ability to effectively differentiate between a trained 

and untrained person (17).  Additional forms of validity not addressed in this paper include 

content validity; which reflects the models perceived realism, and predictive validity which 

answers the question “Does acquisition of a clinical skill on a simulator improve transferability 

of that skill to a clinical scenario?”.  The latter is used to predict a learner’s ability to effectively 

perform a task in a clinical setting after attaining proficiency in a simulated environment (17).  

Proving skill acquisition is technically challenging but provides the strongest form of validity 

evidence and will be assessed in future studies with this simulation model. 

Basic abdominal US was prioritized in the top three technical procedures that should be 

included in an effective diagnostic imaging simulation-based curriculum in a recent nationwide 

needs assessment (6).  As the demand to improve patient safety and veterinary trainee 

competence in US education increases, so will the need to produce pertinent and valid 
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simulation models through high caliber research.  In response, this study reviews the 

construction and validation of a novel, cost-effective and accessible bench-side US simulation 

model for teaching entry-level US skills to student veterinarians.  The objectives of this study 

are to establish construct and face validity with the long-term goals of demonstrating skill 

transfer from the simulation model to a clinical scenario, thus improving patient-care. We 

hypothesize that experts will outperform novices in their ability to identify shape location and 

type within the US simulation model and obtain shape measurements that are closer to the true 

mean axis measurements.  In addition, we hypothesize that experts will spend less time 

compared to novices scanning the model in both the training and assessment phase. 

2.4 - Materials and methods 

Model development 

Commercially made silicone candy molds of various geometric shapes- cone, cube, 

sphere, torus, etc. (Figure 1A) were purchased from individual online vendors on Etsy (NY, 

US)1. Each mold was cleaned with warm soapy water, dried and then sprayed with Ease 

Release™ 200 (Mann ™, PA, US) 30 minutes prior to use.  Silicone was reconstituted as per 

package instructions for Ecoflex™ 00-30 (Smooth-On, PA, US).  The mixture was placed in a 

USV-9B sealed pump degasser system with a 5-gallon Smooth On vacuum chamber (Figure 1B) 

for 2-3 minutes at a negative pressure of 29 inches of mercury until maximum expansion and  

subsequent collapse of the silicone occurred, completing the degassing process.  The mixture 

was poured into the desired candy molds in a smooth, laminar manner to prevent re-introduction 

of gas bubbles into the mixture. The shapes were cured at room temperature for 24 hours, 

 
1   Creativemoldshop (Beinjing, China), DiDisDollhouse (Toronto, ON, Candada), thebakersconfections (Maine, US), Excellenmoldshop 

(China), AvaArtSupplies (Paragon, IL, US), ToniTheBaker (Hong Kong, Hong Kong), MsDIYSupplies (China)   
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manually demoulded and bathed in warm soapy water.  The shapes were placed on a standard 

baking sheet and an optional post curing process was performed that consisted of heating the 

shapes in an oven to 80°C (176°F) for 2 hours, then 100°C (212°F) for an additional hour. The 

silicone shapes were cooled back to room temperature prior to use (Figure 1C). 

 

FIGURE 1 A, Candy moulds used to make 3D silicone shapes. B, A USV-9B pump degasser with a 5-gallon 

vacuum chamber used to remove air from the high viscosity silicone liquid rubber prior to use. C, Various silicone 

geometric shapes post-curing process. 

 

One-inch cubes of 10% ballistics gel (Clear Ballistics, SC, US) were cut from a larger 

block to decrease melting time and placed in an oven safe glass container (Figure 2A).  The 

container and gel were heated to 148°C (300°F) in a 22-quart slow cooker (Hamilton Beach, 

VA, US, model number 32229R) until a liquid state was achieved; melting time was 

approximately 45 minutes. The previously made silicone shapes were placed into the liquid 

gel.  The temperature was maintained at 148°C (300°F) until bubble tracks disappeared before 

the models were cooled to room temperature allowing the ballistics gel to attain a solid state.  If 

necessary, the model was reheated for an additional 30-60 minutes at low heat to release 

persistent gas bubbles. The training US simulation model was complete after this step (Figure 

2B, left side).  To create an opaque simulation model- as seen in the assessment phase of the 

study (Figure 2B, right side), SO-Strong™ PMS 148C flesh colored tint urethane dye (Smooth-

On, PA, US) was added to the ballistics gel at its liquid state.  Desired color and opacity were 
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achieved by transferring the dye from its container to the gel using the tip of a toothpick and 

thoroughly mixing with a spoon. 

 

 
FIGURE 2 A, Hamilton Beach slow cooker housing glass dish and ballistics gel in its solid state prior to melting. 

B, Silicone shapes embedded in ballistics gel forming a clear practice US simulator (left), and opaque assessment 

US simulator (right). 
 

Study Design 

This was a prospective non-randomized cohort study. Data collection took place from 

October, 2019 to January, 2020. All novice and some expert data were collected at the Ontario 

Veterinary College (OVC).  To increase study power, expert participants were also recruited 

externally. This study was approved by the Research Ethics Board at the University of Guelph 

(REB # 19-04-010). 

Participant Recruitment 

The novice cohort consisted of 15 fourth year veterinary students at the OVC who were 

rotating through their core diagnostic imaging rotation during the data collection period. 

Novices were eligible to participate in the study if they were: (A) in the final year of their 

Doctor of Veterinary Medicine (DVM) program and (B) had undergone at least one week of 
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their diagnostic imaging rotation.  Novices were excluded if they had any formal US training or 

prior US experience outside of the DVM curriculum.  

The expert cohort consisted of American College of Veterinary Radiology (ACVR) 

board certified radiologists (n=10), ACVR residents (n=2) and American College of Veterinary 

Internal Medicine (ACVIM) specialists who were primarily responsible for performing 

diagnostic US within their hospital (n=2).  Expert participants were recruited from four 

institutions; the Ontario Veterinary College, North Carolina State University College of 

Veterinary Medicine, Université de Montréal Faculty of Veterinary Medicine, and Veterinary 

Specialists and Emergency Services (Rochester, NY). Experts were eligible to participate if: (A) 

they were ACVR board certified, or (B) a member of a college where formal training in US was 

provided or (C) radiology residents in training.  Experts were excluded if: (A) they were a 

radiology resident with less than one year of training, (B) in a specialty which does not regularly 

use US or (C) did not receive formal US training as part of their residency training.  

An email was distributed to participants through an electronic mailing system after 

permission was granted to do so for each institution. No incentives to participate were offered 

and no participants dropped out.  

 

Equipment 

Novice participants used a dedicated US machine (iU22; Phillips Healthcare, Bothell, 

WA, US) and a 5-8 MHz curvilinear transducer.  Prior to starting, the image was optimized to a 

standard depth (between 3-4 cm), focus (between 2-3 cm) and gain (Figure 3A). Expert 

participants were instructed to use the US machine they were most familiar with and practiced 

with on a daily basis.  Machine types ranged from: iU22 (Phillips Healthcare, Bothell, WA, US), 
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Aplio 500 (Toshiba Medical Systems Corporation, Tochigi-ken, Japan) and a SonoSite M-Turbo 

US system (Fujifilm SonoSite, Inc. WA, US). 

The model was placed on a blue absorbent pad and oriented in a standard way on a table 

to achieve maximal ergonomics and to mimic scanning a live-patient (Figure 3B).  To decrease 

surface friction and to facilitate image acquisition, sterile lubricant jelly and warm water in a 

50:50 mixture was applied to the model surface.  Lights were dimmed to avoid glare on the 

monitor. Participants could sit on an adjustable stool or stand and were asked to hold the probe 

in their dominant hand. 

 

 

FIGURE 3 A, Still image of a rectangular silicone geometric shape in the assessment US simulation model.  The 

image was captured on an iU22 Phillips US using standardized settings for novice participants. B, A clear practice 

US simulation model and iU22 Phillips US machine, as seen in the training phase of the study. 

 

Study design  

Novice (n=15) and expert (n=14) participants who provided written and verbal consent 

to participate and who met the inclusion criteria (as described above) were enrolled in the study. 

All participants underwent training and assessment phases of the study followed by an 

anonymous post-participation survey. 
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Training phase 

Instructional videos were sent electronically to participants for review prior to 

commencing the study.  Both cohorts received a brief introductory instructional video reviewing 

the US simulation model and study tasks 

(https://www.youtube.com/watch?v=49HzECFa61s).  In addition to the introductory video, the 

novice cohort received a second more detailed video reviewing US basics, key machine 

functions, and the skills necessary to complete the tasks required for the study 

(https://www.youtube.com/watch?v=bki8t1pl2dw). Examples of topics covered in this video 

included: probe orientation (scanning and fanning), shape axis identification, trackpad changes 

and measuring with the caliper tool.  Due to prior expertise in the field, the second instructional 

video was not relevant to the experts, and therefore not shared with them.  Participants were 

given an US simulation model consisting of clear ballistics gel and embedded silicone shapes of 

varying sizes and orientations (Figure 4A) such that participants could directly visualize the 

shapes they were scanning in the training phase. Participants were given up to 20 minutes (1200 

seconds) to practice using the US, scanning the model and answering questions from a mock 

assessment with identical format to the assessment phase (tasks explained in “assessment 

phase”, below; Figure 4B). Participants were permitted to ask logistical questions throughout the 

training phase. Requested training time (up to 20 minutes) was recorded.  

https://www.youtube.com/watch?v=49HzECFa61s
https://www.youtube.com/watch?v=bki8t1pl2dw
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FIGURE 4 A, close-up image of the clear practice US simulation model, and B, the hand-out provided to 

participants in the practice phase demonstrating how to indicate answers for the assessment phase. Participants 

were allocated up to 20 minutes (1200 seconds) to practice in preparation for the final assessment phase of the 

study. In the practice phase, shapes ‘D’ and ‘G’ were too long to accurately obtain long axis measurements using 

the caliper too (as indicated by the “N/A”). They remained in the model as an exercise of practice. nonetheless. All 

shapes in the testing model could be measured using the caliper tool 
 

Assessment phase 

Following the training phase, participants were provided with a new but similar model 

(Figure 5A). The model was analogous to the training phase but varied with respect to number, 

size and location of shapes.  Additionally, the model was opaque, thus removing the visual cue 

of being able to see the embedded objects.  Participants had no prior knowledge of shape type or 

number. Within the assessment model, there were 6 shapes; a cube, hemisphere, cone, heart, 

arrow and torus (Figure 5B).  As in the training phase, a hand out was provided to participants 

prompting them to complete three tasks:   
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Task 1, Identifying shape location: Within the assessment hand-out, a diagram of the glass 

container was provided.  The top and bottom of the diagram was labelled and the diagram 

dimensions correlated with the glass container.  At the approximate corresponding location to 

where shapes were identified in the model, participants were asked to draw a circle on the 

diagram.  

Task 2, Identifying shape type: Participants were asked to select a shape from a 15 shape, shape 

bank (Figure 6) that best represented what they were scanning.  Each shape was assigned a 

corresponding alphabetic letter; A-O which participants placed inside the circle they drew (task 

1). 

Task 3, Obtaining shape axes measurements: Using the caliper tool, participants were asked to 

obtain a short axis measurement and the longest shape axis measurement they could identify.  

Within the previously drawn circle (task 1) and next to the shape letter from the shape bank 

(task 2), participants were asked to indicate their shape axes measurements in centimetres (cm), 

to one decimal point.  

Participant performance was assessed on a binary scale with 1 indicating successful 

identification of a shape and 0 indicating failure.  A score of 0 was received if shape type and/or 

shape location was incorrectly identified. Total points were tallied for each participant in the 

assessment phase.  Axes measurements were recorded and compared between cohorts and 

individually to “true” axis measurements as determined by a board-certified radiologist who had 

prior knowledge of the shapes (AZ)2. Time to complete both training and assessment phases 

 
2 Alex zur Linden, DVM, DACVR 
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were recorded (JW).  After the assessment, an answer key was provided to participants and they 

were permitted to re-scan the model and ask questions.  

 

 

 

 

 

 

 

 

FIGURE 5A, Opaque US simulation model used in the assessment phase of the study. B, Answer key depicting 

location and orientation of shapes embedded in the opaque US simulation model which was provided to 

participants after study completion.  
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FIGURE 6 Shape bank. During the assessment phase, participants were asked to select the shape they felt best 

correlated with what they were scanning on the simulation model by indicating the corresponding letter on the 

answer key. 
 

Post-participation survey  

A brief anonymous written survey was provided to each participant immediately upon 

completing the study.  The survey contained both visual analogue scale (VAS) and short open-

text questions.  For VAS questions, participants were asked to indicate their level of agreement 

by drawing a vertical mark along a 10-cm continuous horizontal line.  Using a ruler, the scores 

were determined by measuring the distance (in cm) from the participants’ mark to the end of the 

horizontal 10-cm line.  The result was a range of scores between 0-10 with higher scores 

indicating stronger statement agreement. Scores were analyzed for correlations between and 
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within cohorts broken down by participant experience level. To reflect relevance and expertise 

level, cohort specific VAS survey questions were created. Examples of questions included: “I 

would have benefited from using this US training model as a novice ultrasonographer in 

veterinary school”, and “My confidence using US has improved using this model” for expert 

and novice cohorts, respectively.  Short answer questions were aimed at seeking feedback on the 

strengths and weaknesses of the model as well as model fidelity, ease of use, and if participants 

felt the model would be useful as a basic skills training model in the context of a clinical skills 

laboratory. Example quotes were extracted from the short open-text questions and are presented 

in Table 10 and 11. 

Data analysis 

Participant identities and skill level were blinded to the evaluator by removing consent 

forms with direct identifiers.  

Statistical Analysis 

All statistical analyses were conducted using SAS Procedures (SAS Institute Inc, 9.4, 

Cary, NC, USA). All tests were conducted at a 2-sided .05 level of significance. To assess 

performance between cohorts in their ability to identify shape type and location, a Fisher’s 

Exact Test was conducted and conditional maximum likelihood estimates (CMLE) of the odds 

ratios and exact 95% Sterne limits (18) were provided.  If estimates were zero or infinite, the 

median unbiased estimates (MUE) were provided instead (19). To compare long axis shape 

measurements between cohorts, Proc MIXED (SAS Institute Inc., 9.4, Cary, NC, USA) was 

used.  Assumptions of the model were assessed via residual analysis. The residuals were 

formally tested for normality using the four tests offered by SAS; Shapiro-Wilk, Kolmogrov-
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Smirnov, Cramér-von Mises, and Anderson-Darling. To check for apparent unequal variance, 

outliers or to see if the data needed transformation, the residuals were plotted against the 

treatments. If transforming the data was not effective, a non-parametric Mann-Whitney-

Wilcoxon rank test was employed.  To determine if the mean axis measurements differed from 

true axis measurements, a one sample t-test was performed. Data from both treatments was used 

to provide variance estimates but only one mean was tested.  Proc MIXED procedure, as 

described above, was used to determine if time spent scanning the model differed between 

cohorts in the practice and assessment phases. Due to data censoring in the test time results, 

Proc LIFETEST (SAS Institute Inc., 9.4, Cary, NC, USA) was used. The Log-Rank test was 

performed and estimates of lower, middle and upper quartiles are provided.  A Spearman 

Correlation Coefficient was used to assess how experience level (US exposure) correlated to 

survey question responses and how questions correlated with each other broken down by cohort. 

For question 5, a Mann-Whitney-Wilcoxon rank test was employed to assess the differences in 

opinions between cohorts regarding desire to integrate the simulation model into the diagnostic 

imaging curriculum.  

2.5 - Results 

Shape identification 

In all cases, more experts successfully identified shape type and location than did 

novices. Experts performed better than novices for all shapes however, for shapes ‘E’ and ‘C’, 

the cone and the torus, the differences were not significant (Table 1). No novices successfully 

identified shape ‘L’, the heart. The odds of an expert correctly identifying shape ‘L’ was 

estimated to be 9.7 times that of a novice. The shape that discriminated best between cohorts 

was shape ‘A’, the hemisphere.  The odds of an expert correctly identifying shape ‘A’ was 17.4 
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times higher than the odds of a novice correctly identifying it (Table 1).  Shape ‘C’, the torus 

was most easily identified by participants (n=14 experts, n=13 novices). 

TABLE 1: Percentage of shapes correctly identified by participants, separated into experts and novices.  Shape 

bank letters are shown “D, A, E, L, O, C” are shown to correspond with respective shape names and 3D depictions. 

Experience level, probability of success, Odds Ratio with 95% confidence interval, and associated p-values are 

provided for each shape. 

Shape 
bank 
letter 

Shape 

name 
Shape 

diagram 
Experience 

level  
Probability of 

success (%) 
Odds ratio 

(E/N)  
95% CI  P-

value  

D Cube 

 

E 57.14 7.966   1.226 to 

66.685  
0.021*  

N 13.33 

A Hemisphere 

 

E 92.86 17.401  2.041to 

451.610 
0.005* 

N 40.00 

E Cone 

 

E 92.86  8.070  0.915 to 

210.75 
0.080 

N 60.00 

L Heart 

 

E 35.71 9.699a  1.590 to 

infinity   
0.017* 

N 0.00 

O Arrow 

 

E 71.43 6.363  1.140 to 

35.764 
0.027* 

N 26.67 

C Torus 

 

E 100.0 2.366a  0.273 to 

infinity 
0.483 
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N 86.67 

Notes: *Denotes statistically significant results (p<0.05). CMLE odds ratios with coinciding Sterne confidence 

intervals are provided unless intervals are infinite or zero in which case the aMedian Unbiased Estimates (MUE) are 

provided.  Ho: OR = 1; 3D, three-dimensional; E, expert participant; N, novice participant; CI, confidence interval 

 

Shape measurements 

Generally speaking, mean axis measurements did not differ significantly between 

cohorts (Table 2). For all shapes except ‘O’, the arrow, experts were numerically closer to the 

true mean axis measurement than were novices, but not significantly so. Novices tended to 

overestimate long axis measurements compared to experts but results were not significant 

(Table 3).  Shape ‘A’, the hemisphere, was the only instance where mean axis measurements 

differed between cohorts (Table 2) but neither participant group measurements differed 

significantly from the true mean axis measurements (Table 3).  For shape ‘E’, the cone, novice 

measurements significantly differed from the true long axis measurement whereas expert 

measurements did not (Table 3).  No novice participants successfully identified shape ‘L’, the 

heart.  Of the expert participants who identified shape ‘L’, their results did not significantly 

differ from true long axis shape measurements (Table 3). 

TABLE 2: Mean difference (E-N) of long axis shape measurements (cm) between cohorts for shapes “D, E, O and 

C”. Shape letter, name, cohort shape measurements, mean difference, 95% confidence interval, and associated p-

values are presented for each shape. 

Shape 

bank 
letter 

Shape 

name 
Expert mean 

estimate (cm) 
Novice mean 

estimate (cm) 
Mean difference 

(cm) 
95% CI   P-

value  
(2-

tailed) 
D Cube 2.063  2.650  -0.588  -1.399 to 

0.223 
0.133 

E Cone 2.177 2.500  -0.323 -0.662 to 

0.016 
0.060 

O Arrow 3.733 3.825 -0.092 -0.673 to 

0.490 
0.735 
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C Torus 3.700 3.554 0.146 -0.372 to 

0.664 
0.567 

Notes:  Shape ‘A’ and ‘L’ are omitted due to non-normal data and the fact that no novice participants correctly 

identified the shape ‘L’. CI, confidence interval. 
 
TABLE 3: Mean difference (measured - true values) of long axis shape measurements (cm) for expert and novice 

cohorts. Shape bank letter, corresponding name, sample size, and measured mean difference are presented for 

experts and novice cohorts with associated 95% confidence intervals, p-values and measured means (cm).  
Shape 

bank 
letter 

Shame 

name 
Experience Mean difference 

(cm)  
95% CI  P-

value  
Measured means 

(cm)   

D Cube E 
n=8  

0.363 -0.0003 to 

0.725  

0.050* 2.063  

N 
n=2 

0.950 0.225 to 

1.676  

0.017* 2.650 

A  Hemisphere E 
n= 13 

-0.062 -0.280 to 

0.157 
0.562 3.239 

N 
n=6 

0.086 -0.213 to 

0.384 
0.554 3.386 

E Cone E 
n=13 

-0.023 -0.232 to 

0.186 
0.820 2.177 

N 
n=9 

0.300 0.034 to 

0.566 
0.029* 2.500  

L Heart E 
n=5  

0.220 -0.231 to 

0.671  

0.247 5.330 

O Arrow E 
n=10 

-0.267 -0.589 to 

0.056 
0.096 3.733   

N 
n=4 

-0.175 -0.659 to 

0.309 
0.443 3.825 

C Torus E 
n=14 

-0.400 -0.760 to -

0.040 
0.031* 3.700 

N 
n=13 

-0.546 -0.920 to -

0.173 
0.006* 3.554 

Notes: *Denotes statistically significant results (p<0.05). Novice participant data for shape ‘L’ is omitted from the 

table as no novice participants correctly identified the shape.  E, expert; N, novice; n, sample size; CI, confidence 

interval. 
 

Scanning time  

A maximum time of 20 minutes (1200 seconds) was allotted to participants in each 

phase of the study.  As many participants took advantage of the maximum time allowed in the 

assessment phase, log rank survival data was used due to data censoring.  Generally speaking, 
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novices took more time scanning compared to experts but not significantly. Results are not fully 

clear for the assessment phase due to data censoring.  

 

Training phase 

For this phase, no data was censored.  Novices spent more time scanning the model 

compared to expert participants. The difference in time spent scanning the model was not 

significant, however (p = 0.166).  Experts spent 0.719 (95% CI 0.447 to 1.157) times as much 

time as novices did training.  Median scanning time for novices was 330 seconds (5 minutes, 30 

seconds) (95% CI = 237.08 to 459.41) compared to median scanning time for experts which was 

237 seconds (3 minutes, 57 seconds) (95% CI = 168.46 to 334.11). A residual analysis to check 

ANOVA assumptions was performed and the assumptions were well met after log 

transformation (Proc MIXED). 

 

Assessment phase 

In the assessment phase, novices took a longer time scanning compared to experts 

however, results are not fully clear due to data censoring. The Log-Rank test was performed 

(Proc Lifetest) and estimates of lower, middle and upper quartiles were provided where 

possible. Median reported time spent scanning for novices was 1117 seconds (18 minutes, 38 

seconds), with a lower bound of 1018 (16 minutes, 58 seconds). The upper bound is non-

estimable due to censoring (20 minute maximum time allowed). For experts, no estimate of the 

median nor the upper CI bound is available due to censoring, however a lower CI of 945 

seconds (15 minutes, 45 seconds) was determined. Regardless, no significant difference in 

scanning time between novices and experts was found (p=0.575).  
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Survey results 

Spearman Correlations were computed to gauge relationships between VAS survey 

questions (Table 4 and Table 5) and categories of participant experience level (Table 6) broken 

down by cohorts. Correlations are presented in Tables 7 and 8 for novice and expert cohorts, 

respectively.  Table 9 provides summary statistics for all VAS survey questions. Survey 

question 5 was presented to both cohort groups and results plotted (Figure 7). Anonymous post-

participation open answer survey questions for cohorts are summarized in tables 10 and 11. 

 

TABLE 4:  Novice VAS survey questions 

Number Question 

1 I would use this US training model again to practice basic US skills. 

2 My basic US skills and knowledge improved from using this model. 

3 My confidence using US has improved using this model. 

4 I could teach a peer how to perform the US skills required for this study. 

5 This US training model should be incorporated into the veterinary school curriculum. 

Notes: VAS; visual analogue scale 
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TABLE 5:  Expert VAS survey questions 

Number Question 

1 I would have benefited from using this US training model as a novice ultrasonographer in veterinary 

school. 

2 Along with proper guidance, the US training model will help develop basic level US skills in 

veterinary students. 

3 The US training model will help familiarize students with the basic functions of an US machine. 

4 The US training model will help students improve their 2D to 3D interpretation of structures. 

5 This US training model should be incorporated into the veterinary school curriculum. 

Notes: VAS; visual analogue scale 
  
TABLE 6: Categories of expert and novice US experience level prior to participating in the study. 
  

Number Experience level  

Experts   

1 1-3 years 

2 3-10 years 

Novice   

0 Never used 
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1 Observed only 

2 1-2 hours of US use 

3 1-2 days of US use 

4 1-2 weeks of US use 

5 1-2 months of US use 

Notes: US; Ultrasound 

 
TABLE 7:  Spearman correlations for expert VAS survey questions 1-5 and experience level.  Correlation value, rs, 

(top) and p-value (below) are provided for each relationship. 

  Exp q1 q2 q3 q4 q5 

Exp 1.00 -0.07 
0.81 

0.09 
0.75 

-0.42 
0.13 

0.01 
0.97 

0.02 
0.94 

q1 -0.07 
0.81 

1.00 0.96* 
<.0001 

0.11 
0.71 

0.91* 
<.0001 

0.89* 
<.0001 

q2 0.09 
0.75 

0.96* 
<.0001 

1.00 0.09 
0.76 

0.88* 
<.0001 

0.88* 
<.0001 

q3 -0.42 
0.13 

0.11 
0.71 

0.09 
0.76 

1.00 0.23 
0.44 

0.23 
0.42 

q4 0.01 
0.97 

0.91* 
<.0001 

0.88* 
<.0001 

0.23 
0.44 

1.00 0.85 
0.0001 

q5 0.02 
0.94 

0.89*     
<.0001 

0.88* 
<.0001 

0.23  
0.42 

0.85* 
0.0001 

1.00 

Notes: *Denotes statistically significant correlation (p<0.05). VAS, visual analogue score; Exp, experience level; q, 

question  
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TABLE 8:  Spearman correlations for novice VAS survey questions 1-5 and experience level.  Correlation value, 

rs, (top) and p-value (below) are provided for each relationship. 

  Exp q1 q2 q3 q4 q5 

Exp 1.00 -0.45 
0.09 

-0.07 
0.81 

0.22 
0.43 

0.58* 
0.02 

-0.10 
0.73 

q1 -0.45 
0.09 

1.00 
  

0.32 
0.25 

0.048 
0.87 

-0.19 
0.50 

0.59* 
0.02 

q2 -0.07 
0.81 

0.32 
0.25 

1.00 0.63* 
0.01 

0.06 
0.83 

0.46 
0.08 

q3 0.22 
0.43 

0.048 
0.87 

0.63* 
0.01 

1.00 0.49 
0.06 

0.10 
0.72 

  

q4 0.58* 
0.02 

-0.19 
0.50 

0.06 
0.83 

0.49 
0.06 

1.00 -0.07 
0.82 

q5 -0.10 
0.73 

0.59* 
0.02 

0.46 
0.08 

0.10 
0.72 

-0.07 
0.81 

1.00 

Notes: *Denotes statistically significant correlation (p<0.05). VAS, visual analogue score; Exp, experience level; q, 

question  
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TABLE 9: Summary measures for expert and novice VAS survey questions 1-5, for each question in the survey.   

Question Sample size Mean Median Standard  

deviation  
Minimum  Maximum 

Expert             

q1 14 7.64 8.35 2.52 2.5 10.0 

q2 14 7.61 8.25 2.58 0.7 10.0 

q3 14 8.09 8.95 2.38 0.7 10.0 

q4 14 7.42 8.80 3.00 0.7 10.0 

q5 14 7.01 7.35 2.70 0.7 10.0 

Novice             

q1 15 9.35 9.80 0.83 7.6 10.0 

q2 15 8.31 8.40 1.48 5.5 10.0 

q3 15 6.47 6.40 1.92 2.6 10.0 

q4 15 5.91 5.30 2.34     0.5 10.0 

q5 15 9.51 9.90 0.68 7.9 10.0 

Notes: N, sample size; Q, question 
 

For question 5; “This US training model should be incorporated into the veterinary 

school curriculum”, mean scores for cohorts were 7.0 and 9.5 for experts and novices, 
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respectively (Figure 7). Novices had a significantly (p= 0.003) higher mean rank (19.37) 

compared to experts (10.32) with their means/medians tending to be higher than those of experts 

(Table 9). A single low extreme outlier was present in the expert group creating a long lower 

whisker.  Less variability existed for novices, with results tending to cluster around higher 

values. The standard deviations of expert responses were approximately four times greater than 

novices (Table 9).   

 

 

 

 

 

 

 

 

FIGURE 7 Side by side box plots demonstrating the median, upper and lower quartile (top and bottom of 

rectangle), minimum and maximum values (top and bottom whisker) for survey question 5. Notes: q5, question 5; 

e, expert; n, novice. 

 

 
TABLE 10   Summary of anonymous-post participation survey, open-ended questions and answers pertaining to 

US simulation model use for expert participants. 
  

# Question Responses 

1 How do you think this training model 

could be improved? 
  

“Using structures more similar to normal anatomy may 

be more useful than abstract shapes. I’m not sure the 

benefit of being able to identify a star vs. an arrow” 
“Scanning a round surface would be more desirable.” 
“Consider less clustering of shapes in gel.” 
“Try to decrease the number of gas bubbles in the 

ballistic gel.” 
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2 With respect to teaching basic US 

skills, what are the strengths of this 

US training model? 

“Good integration of basic US skills and cognitive 

function” 
“Helps learners locate structures, lesions, interfaces, 

and recognize different echogenicity. Helps with 

familiarity of US machine and probe.” 
“Good development of visuospatial skills, fun, no 

animals needed, safe, easy, cheaper than other models, 

easy for a single person to do on their own without 

help.” 
“Forces 3D shape assessment and mental rotation.” 
  

3 With respect to teaching basic US 

skills, what are the weaknesses of this 

US training model? 

“Can’t image dorsal/third plane.” 
“Some of the shapes may be difficult to identify for 

entry level students.” 
“Would like to see objects at varying depths and 

densities.” 
“The shapes proposed in the shape bank are sometimes 

too close to each other to determine precisely on US 

what they are.” 
“Distal acoustic shadowing and gas artifacts 

sometimes hinder thorough shape evaluation.” 
  

4 Can you comment on the fidelity 

(likeness to real world) of the model in 

regards to appearance, feel or other? 

“We see a wide variety of shapes in clinical practice 

which are not representative in the model.” 
“Close enough for practice.” 
“It is firmer than a live animal.” 
“Good simulation of soft tissues.” 

5 State any additional comments? “Great experience, I do believe it should be 

incorporated into all senior rotations in diagnostic 

imaging accompanied with a model for US guided 

aspirates.” 
“Great idea- helpful for basic training.”  
“This would be great to teach the basics of US 

(physics, etc.) but would need to be modified to help 

with interpretation of echogenicity.” 
“This was fun!” 
  

Notes: US, Ultrasound 
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TABLE 11   Summary of anonymous-post participation survey, open-ended questions and answers pertaining to 

US simulation model use, for novices.  

# Question Responses 

1 What was the hardest part of the 

study? 
“Learning spatial orientation and converting 2D 

images into 3D shapes.” 
“Shape identification.”  
“Determining axis measurements.”  
“Identifying star, arrow and heart shapes.” 
  

2 What was the most rewarding part of 

the study? 
“Being able to confidently identify/find a shape” 
“Getting more US practice, familiarizing myself with 

the US machine.” 
“Having the opportunity to use the US probe, which is 

a much better experience than reading/talking about 

US.” 
“Seeing the answer key.” 
  

3 With respect to teaching basic US 

skills, what are the strengths of this US 

training model? 
  

“Controlled, no live models, work at your own pace, 

no anesthesia or sedation necessary.” 
“Allowed improved machine familiarity, probe 

handling and prompted problem solving.” 
“Brings US down to a basic level that is accessible to 

students.” 
“An opportunity to go back to US basics and improve 

skills with a stationary (non-moving patient) 

structure.” 
  

4 With respect to teaching basic US 

skills, what are the weaknesses of this 

US training model? 

“Not a real patient, not real organ shapes in the 

model.” 
“You’re only evaluating shapes at a uniform depth.” 
“No guidance from an expert makes it harder to 

learn.” 
“Some of the shapes were a little close together and 

the probe didn’t move as smoothly as I thought it 

would”. 
“There was some confusion as to which axis I should 

be measuring” 
“Glass artifact of container” 
“No weaknesses” 
  



 57 

5 Would you prefer learning US basics 

from a model vs. textbook vs. 

observing someone else perform the 

task? 
  

“Model.” (14/16 participants) 
“Model and observing combined.” (2/16 participants) 
“I’ve read text books and observed and it’s just not 

the same unless you’re actually doing it yourself.” 

6 Please write any additional comments 

you have. 
“Would love to have this incorporated into curriculum 

(4th year and earlier)” 
“Why don’t we have one of these models to practice 

with during the day?” 
“A version of this model should definitely be 

implemented into phase 4 rotations and /or phase 3 

radiology… We need this model during school!!!!” 
“I think it’s great you all are trying to improve the US 

training curriculum. As a “soon to be DVM”, I feel 

very uncertain about US.” 
”I have finally grasped the concept of imaging in 

different planes which has been a learning issue up 

until this point.” 
“This was so fun.” 

 Notes: US, Ultrasound 

2.6 - Discussion 

We created a novel US simulation model that is accessible, portable and inexpensive.  

The materials are non-perishable, therefore will not desiccate or decay, unlike other agar or 

food-based models which require refrigeration.  With gentle cleaning after use, the model is 

long lasting and can be reused multiple times, and can be remelted if needed.  Both silicone and 

ballistics gel have wide thermal stability, do not support microbial growth and are hardy- do not 

break or tear easily.  Ballistics gel and silicone are easily acquired online or in retail stores and 

are economically feasible; $12/lbs and $25/lbs, respectively. Unlike many earlier models using 

agar and gelatine (20), ballistics gel and silicone mimic tissue-like densities well when imaged 

with US with or without the addition of particulate material to adjust echogenicity (21,22).  

Additionally, the color and transparency of ballistics gel can be customized with the addition of 

urethane dyes. 
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  Machine familiarity (including image optimization), image interpretation, and ability to 

make medical decisions have been identified as important factors pertaining to the diagnostic 

performance and confidence of novice ultrasonographers (2,23,24).  Outcome assessments in 

this study were designed to evaluate the ability of this simulation model to support learners 

through the transition from a conceptual understanding of basic US to a more practical one.  

Assessments related to the participant’s ability to problem solve, use visuospatial skills, and 

their US machine familiarity.  Careful thought ensured the establishment of sound metrics, 

relevant to the curriculum which were effective at discriminating between novices and experts.  

As the model was intended to teach fundamental US principles, simple outcome assessments 

and a low complexity simulator were created to match the skill set taught and the learning level 

of a final year veterinary student. 

  Experts significantly outperformed novices in their ability to identify shape type and 

location for all shapes except for ‘E’ and ‘C’; the cone and torus. The shape that discriminated 

best between cohorts was shape ‘A’; the hemisphere. It was the only shape where mean axis 

measurements differed significantly between participant groups. Both cohort measurements 

were very close to the true mean axis measurements, but in opposite directions; one cohort 

overestimated and one underestimated.  No novices successfully identified shape ‘L’, the heart. 

While the heart shape may have been challenging for a novice learner, we feel it is important 

that the model possess a diverse array of shapes with varying difficulties.  In all cases, more 

experts identified shape type and location when compared to novices.  For the majority of 

shapes, expert measurements were numerically closer to the true mean value compared to 

novices but not always significantly so.  Generally speaking, novices tended to overestimate 

shape measurements. These results perhaps suggest that experts were overall more accurate 
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which would be expected given their prior familiarity with obtaining measurements.  Shape ‘O’, 

the arrow, was a unique instance where an almost equal number of novices and experts 

identified the shape. Novices appeared to measure shape ‘O’ slightly more accurately than 

experts, although not significantly. The reason for this is unclear and may be due to random 

chance or an innate quality of the geometric shape itself—perhaps the arrow doesn’t possess 

qualities that effectively differentiate between novice and expert scanners.  Results support our 

hypothesis that experts would identify shape type and location better than novices would but do 

not support our hypothesis that experts would accomplish more accurate measurements 

compared to novices. Sample size may have been a constraint in this study with respect to 

finding a difference between groups for measurements.  

A secondary outcome examined was scanning time. It was hypothesized that due to lack 

of clinical experience and theoretical knowledge, novices would spend more time scanning the 

model in both phases of the study. This was not the case, however. Anecdotally, it seemed that 

although expert scanners were already familiar with principles of ultrasonography, they tended 

to want to spend extra time scanning in the training phase to optimally familiarize themselves 

with the model prior to proceeding to the assessment phase. Even though many experts finished 

the assessment phase with time to spare, many proceeded to back-scan their work for a period 

after to ensure they had answered questions to the best of their abilities.  This is in comparison 

to novice participants, many of whom seemed to spend the majority of the time trying to 

complete the tasks required which didn’t allow much time for checking their work at the end.  

Because an upper time limit of 20 minutes was given to the participants and many took 

advantage of the whole-time frame allotted in the assessment phase, data censoring limited 

interpretation of the assessment phase.   
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Spearman Correlation analysis of VAS survey questions revealed that novices who felt 

their skills and knowledge improved after US simulation use, also tended to feel more confident 

after using the simulator. Novices who were eager to use the US simulation model again also 

wanted to see it incorporated into the curriculum.  Additionally, novices who had more prior US 

experience (i.e. weeks instead of hours/days) felt that they were more capable of teaching their 

peers how to perform certain tasks after using the simulation model. These correlations may 

suggest that both skill and confidence improve together while using this model. This may 

support the efficacy of the model, even if this is merely participant perception.  The fact that this 

exercise was seen by novices as educational and enjoyable is perhaps the most noteworthy 

correlation as this makes it more likely that novices will be motivated to use the simulator again 

(25).  Further research in this area could shed light into which stage of the curriculum the 

simulator should be integrated in order to maximize its effectiveness. For experts, it was not 

surprising to see that those who would have benefited from learning with the simulator as a 

novice also tended to think that the model could help improve interpretation of shapes in space 

and that the model should be incorporated into the curriculum.  Experts who felt that with 

proper guidance, the model could help develop entry level US skills also felt that the model 

could help with recognition of shapes in space.  There was no significant correlation with 

experience level in the way experts answered any of the questions.  Question 5 was the only 

question asked to both cohorts. Both cohorts supported the model’s integration into the 

curriculum with novices being slightly more enthusiastic (mean scores of experts and novices 

were 7.0 and 9.5, respectively). A single low extreme outlier was present in the expert group 

creating a long lower whisker and adding variability to the expert results (Figure 7).  
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Open text survey questions provided model feedback (Table 10 and 11) and generally, 

observations were very positive across participant groups.  A major benefit identified by novices 

was that the simulator permitted acquisition of basic skills in a low-stakes environment.  

Participants in both cohorts commented that the model was an appropriate starting point for 

learning recognition of different tissue echogenicity and shapes which could ultimately help 

with interpretation of more complex structures and lesions in a clinical setting. Novices 

commented that the exercise provided a unique opportunity whereby they could strengthen their 

visuospatial capabilities.  Although the purpose of this study was model validation and not 

teaching, many novices commented that they learned a lot from the instructional video and 

participation in the study.  Upcoming model prototypes will aim to strengthen model validity 

after considering survey feedback. 

In response to survey feed-back, the following modifications could be considered. 

Increasing model lubrication could minimize tacky model surface tension.  Degassing the 

ballistics gel in addition to the silicone shapes may further minimize gas trapping and model 

artifacts. Modifying shape location within the model to avoid clustering at the periphery of the 

container may be a more reasonable task for a novice however, we feel that randomly 

positioning shapes within the gel reflects more accurately the random nature of a clinical 

scenario which helps differentiate between experience levels and is therefore necessary. 

Different ballistics gel types may offer more model compressibility which could more 

accurately mimic scanning an abdomen. Creating a rounded model surface may offer realism as 

well as scanning in a tangential plane. Removing the holding container completely could allow 

participants to freely scan without their probe interfering with the side of the container.  Despite 

some participant feedback to add complexity to the model, the intent of this project was not to 



 62 

construct a complex, high fidelity simulator, rather it was to create a vehicle to teach a set of 

deconstructed skills to act as the building blocks for developing basic US skill proficiency. A 

population of shapes uniform in echogenicity were selected intentionally. As novices master the 

skills on the more rudimentary simulators, higher fidelity models may be presented for teaching 

more advanced skills.  In these circumstances, different silicone types (Ecoflex, Dragon-skin) 

and polyurethane rubbers with the addition of liquid or solid inclusions could be used to produce 

variation in acoustic properties thus creating different tissue echogenicity. The higher fidelity 

models will be reserved for novices who have mastered the outcome assessments for this 

simulator. 

Some inherent limitations and biases exist within this study. Due to time constraints on 

the project and lack of experts qualified to participate in the study, convenience recruitment 

sampling was used. Although the students recruited for the study are likely to be a true 

reflection of the population who will be using the simulator, selection bias may have been 

introduced due to recruitment at a specific time of the year (mid-way through their final year).  

Participating earlier or later in the school year or using students from pre-clinical years, when 

knowledge base or US exposure differed, may have influenced results.  Additionally, if the 

study were to be repeated, information regarding participants' desired specialty of interest would 

be collected to assess the influence of career orientation on participation.  Recall bias may have 

been introduced when asking participants to determine how much prior US experience they had 

coming into the study.  Due to the multi-centric nature of the study, travel impeded the 

transportation of a full-sized US machine to each institution therefore US machines were not 

identical between expert participants. While novices used only one US machine (iU22, Phillips 

Healthcare, Brothell, WA, US), experts were encouraged to use the US machine and probe that 
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they used on a daily basis. As a counterpoint, having expert participants use their own US, likely 

created a much more realistic representation of how they would perform US on a daily basis. 

For two expert participants who were internal medicine specialists, a bed-side US machine was 

used for the study as their full-sized US was not available during the data collection time slot.  

Analysis of data for both short and long axis shape measurements was originally intended 

however, confusion arose as to which short axis measurement should be obtained for 3D 

geometric shapes which had more than one short axis.  For this reason, it was determined that 

participants would collect both a short and the longest axis measurement however, only long 

axis shape measurements were statistically analyzed. 

  In summary, in this prospective observational cohort study, experts significantly 

outperformed novices in their ability to identify shape type and location for the majority of 

shapes in this model. Further, a greater number of experts successfully identified shape type and 

location compared to novices. Although not significant, experts were numerically closer to true 

long axis shape measurements than novices, suggesting a trend towards increased accuracy with 

experience level. Results differentiated between cohorts for the majority of tasks and the model 

was well received by both groups through anonymous post-participation surveys. Taken 

together, the results of this study provide construct and face validity for this model and overall 

support for its validation as a useful training tool for teaching basic US techniques to student 

veterinarians. The study has laid the ground-work for future research to assess skill acquisition 

and the subsequent transfer of this skill to a clinical environment. As ongoing research with this 

desktop model occurs, we hope to see it integrated into clinical skills laboratories contributing to 

a more comprehensive educational program. Integration of the simulator into the curriculum 

could help reduce the need for live or cadaveric animals, overcome shortages in instructor 
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supervision and improve diagnostic accuracy and patient safety.  This training model represents 

an important objective clinical training tool that is accessible, reliable and valid and that 

students will enjoy using. 
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3.1 - Summary of studies 

3.1.1 – Study results 

 

A novel benchtop ultrasound (US) simulator was created using affordable materials with 

the goal of teaching fundamental US skills to veterinary students. Participants subjectively 

agreed that this US simulator measured what it intended to and supported its integration into the 

diagnostic imaging curriculum as a teaching tool for veterinary students.  Further, expert 

scanners outperformed novices when it came to identifying shape type and location in the 

majority of cases thereby establishing both face and construct validity, respectively. In the 

context of this study, approximately 2/3 of the shapes effectively discriminated between 

operators of different skill levels leaving one third of the shapes requiring reassessment or 

modification.  In an ideal scenario, experts would have outperformed novices in all tasks thereby 

creating a model with 100% validity on the first attempt. This however, is an unrealistic goal 

and multiple trials are often required to produce a model with maximal validity.  The results of 

this study are consistent with prior research where not all components of the simulator are 

effectively validated thus emphasizing the difficulty in creating an effective simulator that 

differentiates between novices and experts, and the importance of assessing for model validity 

prior to its implementation into the curriculum (1).  

Analysis of study results and post-participation surveys identified areas where outcome 

assessments required modifications prior to proceeding onto clinical trials.  Experts were overall 

very pleased with the model and its ability to support novices learning how to scan basic shapes 

and acquire machine familiarity.  Additionally, they felt that the model could provide a safe, 

affordable, and accessible alternative to learning US skills.  Although content and predictive 

validity were not assessed in the current study, the groundwork for evaluating these principles in 
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upcoming research was performed.  In addition to establishing more support for model 

validation, future research will aim to create precise, high powered trials and the use of effective 

blinding and randomization.  In this way, results will be minimally affected by bias and 

generalizable to the greater medical community. It is evident that this simulation model has 

great potential to demonstrate high educational validity across veterinary sonography education. 

3.1.2 - Model validation 

In a review by Stunt et al. (2014) assessing the suitability of US simulators for training, 

only 6.5% of 433 commercially available simulators were validated. Further, most of them were 

being used within the curriculum to teach and assess novice competence without any validity 

evidence (2).  Thorough validation of a model and its metrics present many challenges, and 

currently there is a lack of research documenting proper model validation within veterinary 

sonography education (3,4). Careful problem solving and trial and error are required to predict 

which US-based tasks can be tested in a simulation environment that will effectively translate 

into improved patient care in a clinical setting (5). 

Kirkpatrick’s long standing four level model on training program evaluation gauges whether 

transfer of learning has taken place and identifies the associated potential for impact on patient 

care (6).  This framework was used to guide the validation process in the current study and will 

continue to do so long term.  It has been shown that if a simulation model is interesting and fun 

to use, it increases the likelihood that participants will be motivated to continue using and 

engaging with the simulator. To further explore this concept (Kirkpatrick’s level 1- “Reaction”), 

we included an anonymous post-participation survey to determine how participants liked using 

our model and to identify areas where model development could be improved afterwards. While 

Kirkpatrick’s level 2 – “Learning” has not yet formally been assessed, this validation study has 
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set the groundwork for fulfilling its requirements.  The learning level serves to demonstrate 

knowledge acquisition and improved skill after simulation use.  In future studies, the aim of our 

simulator will be to improve knowledge of US concepts, principles and techniques as well as to 

strengthen existing skill sets through controlled trials.  Kirkpatrick’s level 3- “Behavior” and 4 – 

“Results”, will serve to demonstrate that skills acquired from the simulator are transferable to a 

clinical setting and that ultimately, patient care improves as a result of its use. Although level 3 

and 4 are technically challenging and time consuming to demonstrate, these are the ultimate 

long-term goals of the simulation model.  We feel that adhering to Kirkpatrick’s long-standing 

model will make the validation process used in this research reproducible, unbiased and 

objective and that the approach to validity testing may be applied to other simulators in the 

medical professions. 

Two important forms of validity are assessed in this project.  Face validity- a subjective 

evaluation which determines if a simulator effectively measures what it intends to, and construct 

validity- which determines a simulator's ability to effectively differentiate between a trained and 

untrained person (5).  Additional forms of validity not addressed in this paper include content 

validity; which reflects the models perceived realism, and predictive validity which answers the 

question “Does acquisition of a clinical skill on a simulator improve transferability of that skill 

to a clinical scenario?”.  The latter is used to predict a learner’s ability to effectively perform a 

task in a clinical setting after attaining proficiency in the simulated environment (5). Proving 

skill acquisition is technically challenging but provides the strongest form of validity evidence 

and will be assessed in upcoming research with this simulation model. 
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3.1.3 Model construction 

For this project, the intent was to design a robust, portable and cost-effective simulator. 

As manufacturing costs for commercial simulators tend to be high; from several hundred to 

several thousand dollars (7), simulators become less accessible in resource-limited settings (8).  

As a result, home-made simulators constructed of biodegradable materials have become 

acceptable and popular (8).  Many tissue mimicking materials have been evaluated for the use of 

US phantoms; from perishable food substances like meat and polenta, to ballistics gel, gel-wax, 

urethane rubber, and silicone (9).  Although more accessible, simulators using perishable items 

can be time consuming to create and store, difficult to reproduce consistently, and limited by 

their short half-life (10,11).  In the context of a veterinary school with the funds and resources to 

create a higher quality simulator, the option to use hardier materials such as ballistics gel and 

silicone were chosen over cheaper, less-durable perishable food items.  

Ballistics gel was selected as a media due to its unlimited life span, ability to closely 

mimic muscle tissue, and versatility in that its color and transparency could be manipulated. 

Additionally, ballistics gel is cost effective, and does not decompose or require refrigeration  

(12).  Some disadvantages do exist.  An oven or crock-pot is required to melt the gel which can 

be a fire hazard.  Additionally, the gel often requires reheating post curing to mitigate persistent 

bubbles which cause gas artifacts when imaged.  

Prior to settling on Ecoflex 00-30 for silicone model shapes, several other Ecoflex 

products were tested. Ecoflex 00-10 and 00-50 offered different consistencies, shore durometers, 

and produced slightly different ultrasonographic images.  The 00-10 was tacky, leached into the 

surrounding ballistic gel media when heated, and produced gas bubbles at its surface when 

placed in hot ballistics gel. This created a less desirable appearing model and gas artifacts when 



 73 

scanned.  The Ecoflex 00-50 produced a shape with a coarse, more heterogeneous texture when 

imaged which resulted in less contrast between the shapes and surrounding gel media when 

imaged, and thus was less desirable. For these reasons, the Ecoflex-0030 was deemed suitable 

for this US simulation model.   Historically, silicone-based simulators have proven durable and 

capable of fairly accurately mimicking life-like tissue properties (13,14) however, they tend to 

demonstrate stronger tissue attenuation and lower speed of sound measurements in comparison 

to real tissues (15).  These parameters can be adjusted however, with the addition of certain 

substances to the silicone (14,16,17) which was not explored in this project.  The addition of 

liquid additives could increase the speed of sound, therefore addressing this inherent limitation 

to silicone (16).  The use of different silicone types (Ecoflex, Dragon-skin) and polyurethane 

rubbers with the addition of liquid or solid inclusions may be used in the future to vary the 

simulator acoustic properties and tissue appearances.  The end result could be multi-element, 

scenario-specific phantoms for learning US in a more realistic way for more advanced learners.  

3.1.4 – Outcome assessments 

Machine familiarity including image optimization, image interpretation and ability to make 

medical decisions have been identified as particularly important factors pertaining to the 

diagnostic performance of novice scanners (18–21).  As these factors tend to be rudimentary in 

nature, this perhaps emphasizes the importance of effective simulators and simulator-based 

assessment early in a learner’s career.  In this project, outcome assessments and metrics were 

selected and designed to help students make the transition from a conceptual understanding of 

basic US to a more practical one. From the pre-existing diagnostic imaging curriculum at the 

Ontario Veterinary College (OVC), specific novice skill deficits were identified based on 
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perceived educational gaps in the curriculum as well as after conducting a literature review 

which highlighting trends where veterinary students were deficient (Chapter 1).  

The outcome assessments in this study were to identify shape type/location, obtain axis 

measurements using the caliper tool, and increase overall machine familiarity.  The assessments 

related to the participant’s ability to problem solve and use visuospatial skills to mentally 

convert a 2D screen image to a 3D shape in their head.  Time was recorded and although not 

directly evaluated, efficiency and machine familiarity were assessed as basic machine 

knowledge was required to perform the study tasks.  Image optimization was not assessed in this 

study as machine settings were pre-set for novice participants. However, this may be 

important to evaluate in upcoming research as it has previously been shown that image 

optimization is a challenging skill even for advanced trainees to perform (22).   

Prior to establishing metrics for evaluating validity and reliability, it was important that US 

specific tasks were identified that could be modelled into exercises that could serve dually as a 

training tool but also as an objective form of assessment (23). Careful thought ensured the 

establishment of sound metrics, relevant to the curriculum which were effective at 

discriminating between novices and experts.  From this, a simulator was created that could teach 

the desired skills.  As the model was intended to teach fundamental US principles, simple 

outcome assessments and a low complexity simulator were created to match the skill set it was 

teaching and the learning level of a final year veterinary student. The outcome assessments 

chosen were created to reward problem solving and precision. Results were based on evaluation 

of the final product, rather than the systematic approach taken by each participant. Time was a 

secondary outcome.  
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By offering structured practice with eventual transition to independent practice, mixed 

learning modalities including a simulator enriched environment have shown effective at 

teaching core US skills (24,25).  Further, gaining knowledge of theory prior to acquiring 

psychomotor skills (probe orientation and manipulation, patient positioning and machine 

familiarity) has been shown to reduce scanner cognitive overload.  To be most effective, core 

skills should be taught over time in small parts prior to combining them into whole-tasks.  This 

is due to the limited capacity of the working memory (26). This low fidelity model was created 

to fulfill these requirements.  As students had already received US theory in class and watched 

an introductory/instructional video prior to participating in the study, we felt that timing for 

transitioning to psychomotor practice on this simulator was appropriate.   

Objective performance of anatomical knowledge and subjective evaluation of US skill in 

medical students was not affected by sex in a study by Gradl-Dietsch et al. (27). Regardless, the 

ratio of male to female participants in this study accurately reflected the demographics of 

veterinary graduates in the United States in 2010 (28).  In this study, the effect of sex on US 

capability was not assessed but is something that may warrants further scrutinization in a now 

female dominated industry. 

3.1.5 – Shape selection 

As ultrasonographic interpretation requires the use of visuospatial skills and mental 

translation of a 2D image on a screen into a 3D object (29), an important outcome assessment 

for this study included scanning and deciphering geometric shapes in the simulation model. 

Visuospatial skills have previously been shown to be better predictors than dexterity for basic 

ultrasonographic and fluoroscopic skills amongst veterinary students (30), which was one reason 

for its inclusion into this project.  
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Basic 3D shapes were selected to be embedded into the model.  The intent was to 

produce shapes that a scanner would have previously encountered in their life; a rectangle, 

triangle, sphere etc., containing ultrasonographic features distinguishable from one another. To 

determine if a shape should be included in the final model, an expert radiologist (AZ) blindly 

pre-scanned the shape to determine if the difficulty level was acceptable for a novice scanner 

and if it was relevant to the outcome assessments of the simulator.  Shapes were loosely 

categorized into difficulty levels such that the training and assessment models each contained a 

mixture of shape types of varying complexities. Shapes were excluded if they contained too 

many abrupt angles/edges that were difficult to discern ultrasonographically, or if they were too 

large to fit into the US beam window and thus measure accurately. Silicone shapes that 

contained corrugated edges or patterns were excluded. The goal was to produce a final 

assessment model with shapes all capable of effectively differentiating between experience 

level. This would in turn produce an assessment model possessing maximal validity, with other 

shapes requiring modification. 

3.1.6 - Knobology 

The term “knobology” describes the manipulation of an US machine through its operations 

and system controls in order to optimize an image to yield a diagnosis (31).  Although basic 

control concepts tend to be similar between machines, the interfaces and button 

location/functionality varies.  Previous research has demonstrated that obtaining US machine 

familiarity including “knobology” creates a heavy cognitive burden on novice scanners and is 

responsible for lengthening US learning curves (32,33).  Additionally, it has been shown that 

even upper-level scanners struggle with basic image optimization and technical management 

skills (18) thus emphasizing the importance of this outcome assessment.  Research therefore 
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suggests that teaching machine familiarity cannot be sacrificed even in resource or time-

depleted settings.   

Not only is knobology important, but so is the familiarization of US terminology.  

Terminology familiarization allows efficient communication between students and instructors. It 

maximizes scanning efficiency, and helps students understand scientific literature pertaining to 

diagnostic US (26).  For this reason, the importance of machine familiarity and knobology 

(including caliper tool use) is emphasized as an important outcome assessment of this study. 

3.1.7 – Time to complete task 

Another outcome assessment sought in the training and assessment phases of the study was 

time to task completion. This author is aware of the importance of developing criterion levels of 

performance which reflect the goals of the sonography educational system, and that time to 

complete a task does not necessarily correlate with a learner’s ability to perform tasks correctly 

or thoroughly.   Although time to complete the task was considered for both training and 

assessment phases of this study, it was not a primary outcome of the study for this reason.   

3.1.8 – Post participation surveys 

The post-participation survey served to justify face validity and identified areas where the 

model could be improved prior to progressing with further research.  Student enthusiasm in 

response to US simulation education is something that has remained consistently positive in a 

large body of literature reporting otherwise heterogeneous results.  In almost all cases where 

subjective participant responses have been sought, results have been positive (34), which is 

consistent with the results of this study as well.  Student eagerness and motivation has been 

shown to augment learner motivation and skill acquisition (35) making novice enthusiasm 
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crucial.  Therefore, the positive participant responses to US simulation use in this study may be 

just as impactful as the concrete research demonstrating the benefits of US simulation on 

learning.  Student enthusiasm as it pertains to US simulation will be harnessed and embraced 

moving forward. 

3.1.9 – Model fidelity 

The intent of this project was not to construct a complex, high fidelity simulator, rather it 

was to create a vehicle to teach a set of deconstructed skills to act as the building blocks for 

developing basic US skill proficiency. It is counterproductive for a novice to start learning an 

advanced skill on a complex, high fidelity model before they have mastered confidently the 

training objectives for a lower-fidelity model (36).  Lower fidelity task trainers are a good 

starting point for novices learning deconstructed skills as it removes the context of a patient or 

procedure which can contribute to cognitive overload at first. Advanced learners who have 

progressed beyond fundamental basics benefit from higher fidelity simulators which combine 

several tasks and create more realism through simulated environments and scenarios. The more 

complex simulators move a learner closer to the ultimate goal of safe and effective patient 

interaction (37) however, may increase computational cost, be difficult to maintain long-term 

and can be fiscally less accessible.  Typically, simulator fidelity should match the experience 

level of the novice during the learning and assessment phases.  One exception to this is in the 

context of credentialing (e.g., obtaining boards certification), in which case the fidelity of the 

simulator should be as high as possible (38).  So, with this in mind, the intent of this project was 

to design a model that matched the complexity to a veterinary student’s skill level, reserving 

higher fidelity models for more advanced training and fine tuning of skills (36).  
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3.2 – Clinical applications 

 Graduates rank their proficiency in ultrasonography low, feel ill-equipped in this 

imaging modality, and desire more practical experience and US training under direct 

supervision from qualified radiologists (39–41). Despite this, the importance of possessing 

fundamental US skills upon graduation increases. Basic abdominal US was prioritized in the top 

three technical procedures that should be included in an effective simulation-based curriculum 

in a recent nationwide needs’ assessment (41).  A recent Lancet Commission report on medical 

training in the 21st century highlighted the conflict of unpreparedness of students in terms of a 

‘mismatch of professional competencies to patient and population priorities because of 

fragmentary, out-dated and static curricula’ (42).  These results further support a mismatch 

between the expectations of veterinarians upon graduation in their ability to perform 

fundamental US techniques, and the teaching resources available within the curriculum. The use 

of US simulation is becoming more widely accepted within the diagnostic imaging field 

however, creating effective and valid training models remains a challenge.  Many US simulation 

models continue to be produced out of convenience or coincidence with less thought as to where 

deficits exist within the curriculum.  

This US simulation model showed excellent preliminary acceptance by veterinary 

students and radiologists for its use in teaching fundamental US tasks. It effectively 

discriminated between novice and experts in the majority of its tasks, and was perceived to be 

an acceptable training tool for teaching fundamental US techniques to veterinary students in the 

context of a clinical skills laboratory.  This model therefore shows potential to support novice 

scanners as they become independent clinicians and as they acquire skills and form 

habits.  Eventually, the model may serve as a form of assessment for educators for formative 
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and summative feedback respectfully, therefore helping to meet the criteria of a strong 

educational program.  This validation study has set the groundwork for clinical trials to assess 

skill transfer to a clinical environment, which has not yet been demonstrated (43). The end 

results will be to improve US training in veterinary students in an academic environment where 

they currently have minimal opportunities to acquire these skills and to legitimize the 

importance of diagnostic imaging in improving patient care. This simulator represents an 

important step in the development of simulation-based teaching tools in veterinary 

ultrasonography. To further assess its acceptability, applicability and utility, clinical trials 

evaluating the simulators’ ability to teach skills and support the transfer of these skills into a 

clinical environment, are warranted.  

The study enrolled a large number of expert participants and demonstrated a multi-

institutional design which is a rarity amongst validation studies where experts are difficult to 

recruit.  To the author’s knowledge, this is the largest and most thorough validation study 

performed within veterinary sonography education to date and represents one of very few 

validated models within veterinary sonography education.  Additionally, the outcome 

assessments and metrics used to evaluate proficiency of the study are well thought out and 

sound. Although only a single model was evaluated for performance, we feel the study set up, 

validation process, and results may be used as an example for future research within US 

simulation education.   

Successful validation of this US simulation model will help to standardize the teaching 

and assessment of fundamental US skills to veterinary students thus creating homogeneity in 

their US education. It will ensure learner performance is evaluated on objective, valid and 

reliable criteria through a competency based educational approach. Ideally, this simulation 



 81 

model will be integrated into the clinical skills laboratories at multiple institutions and its 

performance assessed longitudinally alongside the diagnostic imaging curriculum.  Multicenter 

randomized controlled trials assessing skill acquisition and subsequent transfer of those skills to 

a clinical environment amongst veterinary students will also be sought.  The long-term effects of 

simulation use will be evaluated as well as learner skill retention post simulator use.  These 

steps will help create consistency amongst institutions, develop effective point of care US 

competence, and help produce veterinary graduates with skills that match the expectations of 

their employers upon graduation. 

3.3 – Study limitations 

Due to time constraints on the project and lack of experts qualified to participate in the 

study, convenience sampling was used for recruitment rather than random sampling. Although 

true randomization to experimental and control groups should be used where possible, we feel 

this will be more critical in the upcoming larger clinical trials that examine the relationship 

between skill acquisition and improvement of clinical skills.  Although students recruited for the 

study are likely to be a true reflection of the population who will be using the simulator, 

selection bias may have been introduced by the fact that the final year students were largely a 

homogenous population, recruited at a specific time of the year (mid-way through their final 

year), and that those who volunteered may have been particularly passionate about 

radiology.  Participating earlier or later in the school year or using students from pre-clinical 

years, when knowledge base or US exposure differed, may have influenced results.  Further, if 

preclinical students (years 1-3) were recruited to participate in the study, the magnitude of 

difference noted may have been greater due to less prior clinical US experience. If this study 

were to be repeated, information regarding participants' desired specialty of interest would be 
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collected to assess the influence of career orientation on participation. It is possible that due to 

the probable unfamiliarity of working in a simulated environment versus a clinical scenario, 

expert participants may have underperformed on the tasks associated with this simulation 

model.  Recall bias may have been introduced when asking participants to determine how much 

prior US experience they had coming into the study. Novices may have over- or under-estimated 

this amount, thus affecting their eligibility for participation, study results, or the correlations 

noted between experience level and survey questions.  Due to the multi-centric nature of the 

study, travel impeded our capabilities of transporting a full-sized US machine to each 

institution.  A source of bias in this study is that the US machine was not identical between 

expert participants. While novices used a uniform US machine (iU22, Phillips Healthcare, 

Brothell, WA, US), experts were encouraged to use the US machine and transducer of their 

preference to allow for familiarity and maximal image optimization.  As a counterpoint, having 

expert participants use their own US, likely created a much more realistic representation of how 

they would perform US on a daily basis. For two expert participants who were internal medicine 

specialists, a bed-side US machine was used for the study as their full-sized US was in use 

during the planned data collection time slot. These machines were lower quality and may have 

put these experts at a disadvantage.  Finally, we are cognizant that research within veterinary 

medical education is usually conducted by ambitious, passionate and interested educational 

researchers therefore there is an inherent bias towards the studied intervention (44).  This 

unconscious bias may sometimes result in the failure to identify shortcomings and potential 

adverse effects. In the privileged position of a researcher, we therefore approach this research 

thoroughly and systematically with a healthy skepticism of findings.  The intent is to objectively 

and critically assess findings, keeping in mind the sequelae of implementing change that is 
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biased or based on small volumes of low evidentiary research. Ongoing research is required to 

determine the internal/external validity of this study. 

  Besides survey feedback from participants, additional consideration and discussion is 

given to the following points: Model construction requires access to a laboratory, fume hood, 

degasser and someone with the expertise in that field to guide the process.  Personal protective 

equipment is required while handling silicone and access to tools such as gram scales, single use 

measuring cups, and mixing utensils are necessary. Package instructions must be followed 

precisely for desired results.  Although minimal, a fire hazard risk exits with crock pot usage, 

and a concern for thermal burns and fume inhalation is present during the model development 

period. 

We feel it is important to consider that some components of the simulator may not 

adequately represent problems one would encounter in a clinical scenario.  For example, it may 

not be clinically relevant that the object being scanned is a triangular prism versus a triangular 

cone.  It also is unlikely that one would encounter a real-life scenario where the US probe is 

limited to move within the confines of a container.  Further, one might wonder if it is enough 

that a shape readily differentiates between a novice and expert scanner in the context of a 

laboratory setting. This may not mean that a learner will acquire a new skill after mastering a 

task on the simulator or that their clinical performance will improve as a result of it. These 

questions remain unanswered and further testing is warranted to assess how this simulator will 

perform in different contexts and how the skills acquired will transfer into a real-life scenario.  

3.3.1 - Model modifications  

Increasing the ratio of lubrication to water could help to minimize surface tension for 

scanners who found the surface of the model slightly too tacky.  Degassing the ballistics gel in 
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addition to the silicone shapes could minimize gas trapping and the creation of gas artifacts 

within the gel media.  For future modelling, various silicone and polyurethane rubber types 

could be explored with and without the addition of different media to fine tune the acoustic 

properties of the material with the goal of offering more realism while minimizing artifacts. 

Experimenting with different types of ballistics gel may help to achieve more model 

compressibility which could improve likeness to scanning a real abdomen. Creating a rounded 

model may offer realism as well as allow scanning in a tangential plane. Removing the holding 

container completely could allow participants to freely scan without their probe interfering with 

the side of the container.  Using the current materials, it would be difficult to remove the model 

in its entirety from the glass container as the current silicone shapes sink to the bottom of the 

model and stick to the glass container such that when the model is removed, the shapes separate 

from the surrounding ballistics gel media allowing gas to enter the model.  Experimenting with 

different types of silicone and ballistics gel densities would be required to prevent the silicone 

shapes from sinking. 

3.3.2 – Internal structure of study 

As learner performance must be evaluated on objective, valid and reliable criteria through a 

competency based educational approach, the following points represent ways of strengthening 

evidence of the current validity study as well as upcoming studies.  To increase confidence that 

the causal relationship being tested is trustworthy and not influenced by other factors or 

variables and to make the results more generalizable, the internal and external validity could be 

assessed.  Examining the test-retest reliability, i.e., repeating the study with the same group of 

students and experts after a period of elapsed time and assessing the correlation of scores for 

similarity is one way to do this (45).  Expanding the study to include students from other 
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veterinary or medical institutions would help establish intra-rater and inter-rater reliability if 

similar performance scores occurred on two separate occasions and by two different raters (4). 

For future studies, setting consequence performance standards could help reveal 

expected and unexpected testing results (45), as well identify novices making false positive or 

false negative claims prior to progressing to a live patient setting.  This could be accomplished 

through the Contrasting Groups’ Method (46) which is well known in the healthcare field for 

consequence analysis in validity studies to determine pass/fail criteria. It is sensitive to outliers 

and a small sample size as is often the case in validity studies where few expert participants are 

available.  Through this process, novice participants' performance would be compared to expert 

participant performance.  The performance level would be calculated from the intersection 

points of the distribution curves where the fewest false-negative (failing experts) and false-

positives (passing novices) occur (22,46).  The goal would be to achieve a level of performance 

with no false-negatives or false positive results.  The pass/fail level could be set for the whole 

simulator training program or at the level of individual tasks (i.e., “What is the pass/fail level for 

participants measuring the heart shape?”).  A second performance standard could be determined 

by assessing all expert results and using the median value as the expert performance level that 

novices should aim to achieve prior to independent practice. These performance levels would be 

used to establish mastery-based learning using this simulator and help determine when learners 

are ready for clinical practice.  

3.4 – Future directions 

Instead of determining if a participant is able to complete an outcome assessment in a 

binary way, the process by which participants obtain the desired result could be more closely 

scrutinized to evaluate for technical competence and unveil more procedural specific learning 
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issues.  Participants could be videotaped throughout the study to assess transducer handling and 

manipulation, ability to systematically scan the model, and time spent scanning each 

shape.  Experienced radiologists could evaluate the videotape recordings to identify novel 

outcome assessments and learning issues for future research.  Differences in participant 

approach to each task using the simulator could eventually be compared to their approach when 

scanning a live patient. This could ensure that the outcome assessments follow the discipline’s 

curriculum and identify differences which may support or undermine the model’s ability to 

demonstrate predictive validity. 

A population of shapes made with a uniform material was selected intentionally. The 

integration of varying shapes/materials into the model will be considered in future model 

development to broaden novice exposure to different tissue textures, echogenicity and artifacts.  

The higher fidelity models will be reserved for novices who have mastered the outcome 

assessments for the lower fidelity simulators- like this one.  Exploring how different geometric 

shapes perform will occur in subsequent model development trials.  Assigning a more formal 

classification system, to each shape will occur so that shapes can be selected based on their 

innate shape qualities (number of axes, sides etc.) and ability to differentiate effectively between 

learners.  This will ensure that a variety of shape types and difficulty levels are represented in 

each simulator.  As added challenges, varying shape depth and the addition of foreign material 

to create different artifacts and echogenicity could be integrated into the model.  As subsequent 

models become more complex, 3D printed plastic moulds could be constructed for creating 

silicone shapes that more closely mimic abdominal organs thus creating more realism. 

Exploring how practice with this US simulation model translates into improved 

performance alongside interventional procedures such as US guided cystocentesis, injections, 
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biopsies, catheterization etc. may also be beneficial.  Learning fundamental US principles on 

this simulator may affect a learner’s ability to perform other US-related technical skills. 

Subsequent clinical trials could combine other validated US simulation models (including 

interventional procedures) to further evaluate participant’s ability to contextualize their 

theoretical knowledge.   To improve external validity, multiple institutions could be enrolled, 

perhaps even extending to the human health care field such that study conclusions may be 

applied outside the context of veterinary students at the OVC. With the validation of this 

simulator model and subsequent research, there are many avenues to explore and questions to 

answer. 

3.4.1 - Future Studies 

Once the model validation phase is complete, multicenter randomized controlled trials 

assessing skill acquisition and subsequent transfer of those skills to a clinical environment will 

be sought.  In a study evaluating skill acquisition, a group of veterinary students could be 

randomly allocated to either receive (1) simulator-based training on top of the typical didactic 

US theory taught in the DVM curriculum or (2) just didactic US theory.  Students allocated to 

the first group would attend a predetermined number of simulator training sessions until 

demonstrating proficiency using a validated test, scored by a blinded reviewer.  The second 

group would receive only the standard diagnostic imaging training excluding any practice with a 

simulator.  To assess skills acquired on the simulator, both groups could be tested on a novel but 

similar US simulator and asked to complete a series of tasks.   Ability of each group to perform 

said tasks would be evaluated and compared. 

A study evaluating transfer of skill from a simulator to a clinical environment would be set 

up in a similar way.  However, instead of using another simulator to assess skill acquisition, 
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participants would scan a live dog and be assessed by a blinded evaluator on specific 

tasks.  Examples of assessments include probe orientation, ability to measure with the caliper 

tool, performing an AFAST scan or finding an organ (bladder or a kidney), etc.  Performance 

scores using a modified version of the previously validated Objective Structured Assessment of 

US Skills (OSAUS) (47) could be used for evaluation.  The goal of the study would be to 

demonstrate a relationship between performance on the US simulator and technical skills 

measured in a clinical scenario.  If successful transfer of skill is demonstrated and this 

relationship is found to be robust, simulator performance could then be used to predict 

performance of novice scanners in a clinical scenario.  

3.4.2 – Skill retention 

In addition to assessing transferability of skills, once a simulator and clinical training 

program have proven effective through clinical trials, the long-term effects could be evaluated 

as well as learner skill retention post simulator use.  It has been shown that without constant 

practice, skills deteriorate quickly and that retention is maximized with skill practice and 

periodic feedback as in the context of a simulated environment (48).  It would be interesting to 

determine if students who practiced on the US simulation model were more likely to preserve 

their skills over an elapsed period of time versus those who learned through conventional 

training methods as previously demonstrated (49).  One may hypothesize that this would be the 

case given novices learning on simulators are permitted to repeat a task until achieving 100% 

proficiency, whereas those learning through a more traditional apprenticeship model receive 

variable and inconsistent exposure to US tasks (50).  Infrequent exposure to specific tasks and a 

variety of teaching styles may make it more difficult for novice learners to develop movement 

automaticity and commit tasks to muscle memory.  Conversely, achieving skill proficiency may 
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not be realistic for every skill in a busy curriculum or equate to skill transferability.  To further 

evaluate task retention, a cohort of students exposed to US simulation and a cohort of students 

who received conventional training could be followed longitudinally over a number of years 

post-graduation to assess their ability to retain certain tasks after an elapsed period of time. This 

type of study would contrast the more traditional studies where the assessment phase evaluating 

the effects of US simulation on performance occurs immediately after the training phase 

(51,52). 

The effects of simulation to improve recall could also be evaluated.  Determining the 

amount of time it takes for an individual to regain an US skill after a period of absence or non-

use (maternity leave, holiday, or other) could shed light on how often radiologists or 

practitioners require skill review and the accepted frequency of continuing education. 

Maintaining a log book to track clinical outcomes for various procedures during the learning 

process could provide valuable insight and quantify progression of learning for instructors and 

trainees (37).  Ultimately, the goal is to determine which type of learning (simulation versus 

other) results in better encoding of tasks and consolidation of learning which will ideally lead to 

better performance in a clinical scenario.    

3.4.3 – Patient perceptions 

With a shift towards fear-free patient-centered care in veterinary medicine (53), evaluation 

of the role of US-based simulation education on patient perception and client satisfaction may 

be an important topic to explore. This has been minimally explored within human sonography 

education.  In a multicenter randomized trial, Tolsgaard et al. assessed perceptions of emergency 

patients receiving point of care transvaginal US with clinicians who had undergone simulation 

training and those who had not (54).  Simulation-based training beforehand led to a positive 
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effect on patient quality and efficiency of care as perceived by patients. Outward patient 

perceptions would be difficult to directly assess in the veterinary patient for obvious reasons 

however, there are indirect ways of doing so through evaluation of behavioral cues, stress 

response or perceived pain/discomfort levels in a hospital setting.  These reactions could be 

correlated back to the US procedure being performed and the competence of the 

veterinarian.  Additionally, evaluating the effect of simulation on client satisfaction could be 

considered as another indirect measure of competence.  

3.4.4 – One health 

Research within US simulation based-education remains sparse within the human health 

care field and to even a greater extent in veterinary medicine, therefore making collaboration 

between fields essential. As considerable overlap between US technical skills and knowledge 

exists, a multi-disciplinary, shared approach combining research across medical fields will yield 

innovative methods for procedural change (37).  Adoption and modification of principles from 

human medicine to be veterinary specific will be paramount to advancing research in the 

veterinary field.  

3.4.5 – Standardizing ultrasound simulation education  

In order to develop a valid US simulation model, an educational gap must be identified 

so that development of objective criteria for assessment can be determined.  A model must then 

be developed which is capable of effectively teaching the desired skills.  Model validation 

should follow model construction to prove that the simulator is capable of teaching what it 

intends to teach and then proficiency bench-mark scores must be established by experts in the 
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field.  However, before any of these steps can happen, a curriculum to teach US must first be in 

place (5,55). 

The long-term goal of this project is to assess how the use of simulation-based medical 

education can support veterinary students learning fundamental US techniques.  As discussed 

above, US education is not mandated nor regulated across veterinary schools in North 

America.  Likely only a subpopulation of schools are teaching US to veterinary students with 

variable integration of US simulation-based education.  Issuing a formal consensus statement 

requiring the implementation of US into the curriculum would help to standardize US learning 

across veterinary schools.  This movement could be founded on the existing body of evidence 

demonstrating student benefit within the human medical field thus far.  Prospective research 

could then be gathered to further evaluate the effects of US training within the diagnostic 

imaging curriculum.  Missed learning/research opportunities, the production of underprepared 

veterinary students, and a sacrifice in long-term patient care are possible consequences to 

delaying this movement. 

Another challenge is determining how to teach US effectively.  As different specialists and 

educators have conflicting views as to how US should be taught, it would be beneficial to the 

veterinary health care industry to create a more universal consensus.  With the movement to a 

mastery-based learning approach for teaching technical skills in the human healthcare field, 

International US Societies have modified their guidelines for training novice scanners. To be 

most effective, guidelines state that a curriculum should be composed of both hands-on and 

didactic theory components.  The integration of valid and pertinent simulation technology into 

US education has been proposed as a way of fulfilling this mandate (56).  A specific mastery-

based US simulation test was developed by Østergaard et al. in 2017, serving a dual purpose of 
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training and certifying professionals in diagnostic abdominal US.  The test demonstrated 

validity evidence and established pass/fail-standards without false-positive or false-negative 

results (56).  A similar form of standardized assessment using US simulation could be created or 

modified from that of Østergaard’s for use in veterinary sonography education.   In order to do 

this, a group of board-certified radiologists would need to come to a consensus regarding which 

skills pertaining to point of care US relate to competency. Novice performance would need to be 

assessed over a number of training sessions to determine if these skills are accurate and 

subsequent modification of those skills would occur over time after assessing novice 

performance.  An instrument to effectively teach these tasks would then be created, validated 

and evaluated to determine if the instrument is capable at improving novice proficiency (aka 

predictive validity) (56).  Although suboptimal for reasons mentioned before, until further 

research establishes proper assessments for learner competence, the industry may need to 

continue to rely on a set number of scans or procedures to assess competence (26). 

The next challenge is determining how to judge learner competence effectively.  Currently, 

no objective criterion for the evaluation of novice US competence exists within veterinary 

medicine.  Written exams, observation in a clinical setting, reviewing recordings of participant 

performance and simulation technology are all ways to evaluate novice learner performance 

(57).  As some of these methods are subject to biases and inter-observer variability, a more 

structured form of technical skill evaluation is preferred using global-rating scale or checklist 

tools (58,59).  Tolsgaard et al. (47) created the Objective Structured Assessment of US Skills 

(OSAUS) which is a valid, multispecialty and internationally accepted rating scale for assessing 

US competence in medical students which continues to collect validity evidence (57,60).  The 

scale considers machine familiarity, image optimization, systematic examination, interpretation 
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of images and documentation of exam findings (57).  This scale, combined with the US 

simulation test developed by Østergaard et al. (56) are forms of US assessment which possess 

high evidentiary support and could revolutionize how we teach and assess skills in veterinary 

sonography education.  

Currently, no universally accepted training program for veterinary sonography education 

exists as it does in human laparoscopy and other simulation education.  As US education 

becomes more widely accepted and structured, a skills training program specific to 

ultrasonography will need to be developed. The purpose of the program will be to teach and 

assess technical skills development in a uniform, reliable and valid way across institutions.  The 

training program could encompass a theory and manual task portion for teaching and evaluating 

proficiency. The program would serve novices and clinical radiologists seeking board 

certification similar to the Fundamentals of Laparoscopic Surgery Program (FLS) previously 

developed by The Society of American Gastrointestinal and Endoscopic Surgeons (SAGES)). 

Ideally, it would be adopted into veterinary schools alongside the current curriculum and studied 

longitudinally to further assess validity.  

3.5 - Conclusion  

Identification of a learning issue is paramount to developing an effective simulator therefore 

future research within sonography education must be directed towards identifying training needs 

and defining specific training requirements which will establish user proficiency (37).  

Additionally, evaluative work should be aimed at determining how much training is enough to 

determine competency or mastery for a specific skill, who qualifies as an expert, and who is 

responsible for setting the standards of instruction (37).  Further, a consensus that US be 

implemented into the diagnostic imaging curriculum must occur. Then, researchers must 
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critically evaluate current simulation-based literature to create follow-up studies which can 

demonstrate how structured training programs, including the use of simulation, affect student 

US skill level.  The aforementioned steps are required to create consistency amongst 

institutions, develop effective point of care US competence, and help produce veterinary 

graduates with skills that match the expectations of their employers upon graduation.  
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Appendix A 

Chapter II, Participant Consent 

 

PARTICIPANT WAIVER 

 

 
Ontario Veterinary College 

Health Sciences Centre 

 

Consent for Participation in Research 
Name of Study: Assessment of an Ultrasound Training Model  

          Principal Investigators: Alex zur Linden, Jocelyn Wichtel 

          Department: Clinical Studies 

 

Participant Name:  

Participant Title:  

 
1. Purpose of Study: The purpose of this study is to evaluate a novel bench-side ultrasound 

training model that could be a useful tool for the acquisition of foundation-level 

ultrasonography skills including: dexterity, visuospatial skills and machine familiarity. 

 

If deemed to be a suitable for training this model will be used to teach basic level 

ultrasound skills to students and assess if they can demonstrate transfer of skills from a 

simulation model to application in live patients. Ultimately, it is our hope that the model 

will become part of the clinical skills curriculum so it can be used to train DVM students 

in a safe environment without the need for live or cadaveric animals. 

 

 

2. Procedures 

 

Participant groups: novices vs. experts 

 

a) Training: Participants will watch a brief video familiarizing them with the model 

and the ultrasound.  For novices, the video will include how to use the basic 

ultrasound features necessary to complete the required tasks (image acquisition, 

roller ball and track pad use, how to measure objects etc.).  

 

http://www.uoguelph.ca/research/services-divisions/ethics/reb-app-guidelines#secaque01
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Participants will be provided with an ultrasound simulation model consisting of 

clear ballistics gel with embedded shapes of various sizes. They will be granted a 

practice period up to a maximum of 20 minutes to familiarize themselves with the 

machine and the model. Requested training time will be recorded. 

 

b) Testing: Participants will be given a new ultrasound simulation model, this time 

with opaque gel, removing the visual cue of seeing the embedded shapes as in the 

training section.  The embedded objects will differ in shape, number, and location 

from those in the training session.  Participants will be asked to: Identify the 

location and number of shapes embedded in the gel, identify which shapes are 

present (from multiple choice diagrams) and to measure the short and long axes of 

the shapes. Participants have up to a maximum of 20 minutes to complete the 

tasks. Time will be recorded. 

 

c) Survey: A brief two minute survey will follow. 

 

 

3. Potential Benefits to Participants/Society: The tutorial training session will provide novice 

participants with a review of basic ultrasonography and then allow the theoretical 

knowledge to be put into effect using the ultrasound simulation model. This study may 

enhance participants’ dexterity and basic ultrasonography and procedural skills as well as 

improve confidence.  It may also spark interest in the field of diagnostic imaging and 

increase participant involvement in the future. Participants may identify specific areas 

where they are having difficulty, hat they may not have otherwise recognized and then go 

on to pursue additional help. Lastly, participants may feel that they are positively 

contributing to research within the discipline of diagnostic imaging, at their school, and to 

veterinary medicine as a whole. 

 

4. Potential Risks and Discomforts: The risks involved in this study are minimal and include 

risks associated with any ultrasonographic examination; mild hand discomfort and fatigue.  

Some degree of embarrassment or frustration may become evident when asked to find, 

identify and measure shapes within the gel if the participant’s performance is not what 

they expected it would be. The potential for these negative emotions will be minimized by 

having only one tester (Jocelyn Wichtel) present during the study to record data.   

 

5. Alternative Treatments or Procedures, if applicable: None. 

 

6. Financial Considerations for Participation in the Study: There is no compensation for 

participation in this study. 

 

7. Confidentiality: Surveys will be anonymous, with information such as level of experience 

included at the top of each survey, but no direct or indirect identifiers included.  

 

8. This project has been reviewed by the University of Guelph Research Ethics Board for 

compliance with federal guidelines for research involving human participants (REB #19-

04-010). Please address any questions about ethical concerns and your rights as a 
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research participant to: S. Auld; Director, Research Ethics; reb@uoguelph.ca; 519-824-

4120 X56606 

 

9. Consent: By signing this Consent, I confirm that I acknowledge and agree that I have read 

and understand the Consent and especially the Risks identified above and consent to 

participation in this Study. I understand that I am free to withdraw my consent and 

discontinue my participation in this Study at any time without this decision affecting my 

professional or personal relationships or academic or professional standing by notifying 

the Study Contact. The results from the questionnaire and study outcomes will be 

anonymous so will still be used for analyses if completed by the participant. You do not 

waive any legal rights by agreeing to take part in this study. 

 

_______________________________________ 

Participant’s Name (please print) 

 

________________________________________  ________________  

Participant’s Signature       Date (d/m/year) 

 

________________________________________  ________________ 

Witness Signature       Date (d/m/year) 

 

 

Study Contact: 

Requests to withdraw from this study and/or questions related to this study can be directed 

to: 

 

Name: Alex zur Linden 

Telephone Number: (226) 924-5891 
 

 
Distribution: 

Original – Researcher 

Copy 1 – Participant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:reb@uoguelph.ca
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Appendix B 

 

Chapter II, Participant Training Form 

 

  

 

 

 

 

 

 

PRACTICE EXAMPLE  
 

The image below is demonstrating what your sheet should look like after you have completed 

the testing phase of this study.  You will be asked to: 

 

1. Indicate where you have found a shape in the gel by placing a circle in the rectangle 

below; which mimics the model in front of you.   

 

2. Choose a letter from a shape bank that best correlates with the shape you find in the gel. 

Place the letter within the circle you made in step #1. 

 

3. Measure the short and long axes of the shapes you find in centimeters, up to one decimal 

point and record it next to the circle on your sheet. 

 

Take some time to practice scanning, measuring shapes and orienting yourself with the model. 

Note that in the testing phase, the size, geometry, location and number of shapes may vary from 

this teaching model. 

 

NOTE: You will notice that some of the shapes in this practice model are too large to effectively 

measure the long axis.  This will not be an issue in the testing model as the shapes are smaller.  

 

 

 

 

 

 

 

 

 

 



 105 

 

L  

Top Practice Model: 

E 
Short axis: 1.6  
Long axis: 3.5 

L 
Short axis: 1.0 
Long axis: 4.1 

D 
Short axis: 4.2 
Long axis: N/A 
 

G 
Short axis: 1.3  
Long axis: N/A 
 

K 
Short axis:  

2.1 
Long axis: 

4.3 
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A  B   C   

D   E  F   

 

G H  

  

I 

J  K   

 

 

 

 

 

 

L    

Practice Shape bank: 
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Appendix C 

 

Chapter II, Participant Assessment Form 

 

 

 

 

 

 

 

 

TEST 
 

The ultrasound simulation model in front of you contains a predetermined number of shapes 

embedded within opaque gel. Using the ultrasound machine, probe and the sheets provided, 

please: 

 

1. Indicate where you have found a shape in the gel by placing a circle in the rectangle 

below (which mimics the model in front of you).  Don’t worry about exact location, just 

approximate. 

 

2. Choose the letter from the shape bank below that best correlates with the shape you 

found in the gel. Place the letter within the circle you made in step #1. 

 

3. For each shape you have identified in the gel, measure the short and long axes in 

centimeters, up to one decimal point and record it next to the circle on your sheet. 

 

If you are having trouble answering a question, please make an educated guess rather than 

leaving it blank.  You have up to 20 minutes to complete the tasks.  A short, written survey that 

will take approximately two minutes will be provided to you after you complete the task. 

 

The results of this test are confidential and anonymous.  If you feel uncomfortable at any time 

and you wish to discontinue the study, please notify me and you are free to discontinue without 

judgement or penalty. 
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Top Model 
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Shape bank: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

A  B   C   

D   E  F   

 

G  H   

 

 

  

I  

J  K   L    

M    

 

  

N  O  

 

Practice time  

Testing time  
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Appendix D 

 

Chapter II, Expert anonymous post-participation survey 

 

 

 

 

 

 

Expert survey 

 

 

Circle the category that best describes you: resident OR radiologist OR other specialist type and 

if so, which type ____________ 

 

Circle your current ultrasound experience: 1-3 years OR 3-10 years OR >10 years 

 

 

Please state your level of agreement for the following statements by marking a vertical line on a 

scale between the points “strongly disagree” and “strongly agree”: 

 

 

1. I would have benefited from using this ultrasound training model as a novice 

ultrasonographer in veterinary school. 

 

 

 

 Strongly disagree      Strongly agree 

 

 

2. Along with proper guidance, the ultrasound training model will help develop basic level 

ultrasound skills in veterinary students. 

 

 

 

 Strongly disagree      Strongly agree 

 

 

3. The ultrasound training model will help familiarize students with the basic functions of 

an ultrasound. 

 

 

 

 

            Strongly disagree      Strongly agree 
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4. The ultrasound training model will help students improve their 2D to 3D interpretation 

of structures. 

 

 

  

 

 Strongly disagree      Strongly agree  

 

 

5. This ultrasound training model should be incorporated into the veterinary school 

curriculum. 

 

 

 

 

 Strongly disagree      Strongly agree 

 

 

 

1. How do you think this training model could be improved? 

 

 

 

 

 

 

2. With respect to teaching basic ultrasonography skills, what are the strengths of this 

ultrasound training model? 

 

 

 

 

 

3. With respect to teaching basic ultrasonography skills, what are the weaknesses of this 

ultrasound training model? 

 

 

 

 

 

4. Can you comment on the fidelity (likeness to real world) of the model in regards to its 

appearance, feel or other? 
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5. Please write any additional comments you have in the space provided below: 
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Appendix E 

 

Chapter II, Novice anonymous post-participation survey 
 

 

 

 

 

 

Novice survey 

 

 

Circle the category that best describes you: student veterinarian OR DVM OR other and if so, 

what? ____________. 

 

Circle your current ultrasound experience: none OR seen it performed OR 1-2 hours of use OR 

1-2 days of use OR 1-2 weeks of use OR  1-2 months of use OR other ___________. 

 

 

Please state your level of agreement for the following statements by marking a vertical line on a 

scale between the points “strongly disagree” and “strongly agree”: 

 

1. I would use this ultrasound training model again to practice basic ultrasound skills. 

 

 

 

 Strongly disagree      Strongly agree 

 

 

2. My basic ultrasound skills and knowledge improved from using this model. 

 

 

 

 Strongly disagree      Strongly agree 

 

 

3. My confidence using ultrasound has improved using this model. 

 

 

 

 

 Strongly disagree      Strongly agree 
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4. I could teach a peer how to perform the ultrasound skills required for this study. 

 

 

  

 

 Strongly disagree      Strongly agree  

 

5. This ultrasound training model should be incorporated into the veterinary school 

curriculum. 

 

 

 

 Strongly disagree      Strongly agree 

 

 

 

1. What was the hardest part of this study? 

 

 

 

 

 

2. What was the most rewarding part of this study? 

 

 

 

 

 

3. With respect to teaching basic ultrasonography skills, what are the strengths of this 

ultrasound training model? 

 

 

 

 

 

4. With respect to teaching basic ultrasonography skills, what are the weaknesses of this 

ultrasound training model? 

 

 

 

 

 

 

5. Would you prefer learning ultrasound basics from a model, a text book or observing 

someone else perform the task. Please circle.  
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6. Please write any additional comments you have in the space provided below: 
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Appendix F 

 

Chapter II, Assessment section answer key. 
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