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ABSTRACT 

INVESTIGATION OF INNATE VISUOSPATIAL AND DEXTERITY ABILITY IN A 

VETERINARY MEDICINE PROGRAM 
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University of Guelph, 2020

Advisor(s): 

Ameet Singh 

Alex zur Linden 

Veterinary students require developed visuospatial and dexterity skills to be able 

to succeed in their profession. Assessing these skills separately allows investigators to 

see where an individual student may be lacking and offer remediation, creating well-

rounded veterinarians. This investigation studies both the level of visuospatial skill and 

dexterity skill present in students. Purdue Visualization of Rotations Test (PVRT) and 

Mental Cutting Test (MCT) were used to test visuospatial skill, while Grooved Pegboard 

Test (GPT) and Coin Rotation Task (CRT) were used to test dexterity skill. Males had 

significantly higher visuospatial scores in both tests when compared to females. Phase 

and class rank were both significant variables in the GPT and CRT, with sex only having 

a significant association in GPT non-dominant hand scores. Evaluation of visuospatial 

and dexterity skills should be considered as an additional assessment throughout the 

veterinary medicine program, but further studies are necessary to establish further 

details.  
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1 Literature Review  

1.1 Introduction 

Technical skills include subsets such as dexterity and visuospatial skills. Dexterity 

can be defined as an individual’s ability to manipulate objects in a controlled and precise 

manner by coordinating finger movements65,74. For surgeons, dexterity is essential for 

maneuvering surgical instruments precisely and accurately66. Visuospatial skills are the 

ability of an individual to mentally perceive and transform three-dimensional 

objects3,50,51. One study suggested that the most accepted definition of spatial ability is 

the ability to mentally manipulate, rotate, twist, or invert pictorially presented stimuli56. 

Both dexterity and visuospatial skills have always been necessary as a veterinary 

professional, and developing and maintaining those skills is crucial to success in the 

veterinary medical field66. These skills are arguably more important now with the 

emergence of minimally invasive surgery (MIS) techniques11. MIS techniques require 

fine motor dexterity while working in a small opening and within small degrees of 

freedom11,49. Visuospatial ability is also important for MIS techniques, as the surgeon 

needs to indirectly view three-dimensional (3D) internal organs and structures on a two-

dimensional (2D) screen and be able to visualize different perspectives from videos, 

fluoroscopy, or live feedback10. Visuospatial and dexterity skills are also the foundation 

for sonographers when performing ultrasounds because multidimensional structures on 

a two-dimensional screen57. These particular skills have been assessed numerous 

times in human medicine, both for medical school students and for residency applicants, 

but have not yet been studied and evaluated in depth in veterinary medicine. 
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Our proposed research aims to gather dexterity and visuospatial data on DVM 

students at the Ontario Veterinary College. Our objective is to score visuospatial and 

dexterity skills in veterinary students and determine if there are any associations with 

phase, and class rank within each phase. We hypothesized that increased visuospatial 

and dexterity ability would be seen in participants with superior class rank, and in 

participants further along in the program (i.e., phase 4 scores would be better than 

phase 1 scores). This information will be used to evaluate how visuospatial and 

dexterity skills develop over the course of the veterinary program.   

1.2 Relevance of Dexterity and Visuospatial Skills 

1.2.1 Veterinary Medicine 

         With the rise of MIS techniques, on top of more complex surgical patients, and 

the pressure to become more economically efficient in the operating room, novice 

surgeons face the challenge of learning the necessary technical skills by the end of their 

program59,66. The media, public eye, and regulatory bodies are also putting pressure on 

students to reach surgical competency levels before performing on live patients, 

meaning a lower level of error is tolerated59,66. Minimal standardized evaluation and 

remediation techniques are available to students who may be struggling to learn 

dexterity and visuospatial skills, although these skills are used in everyday 

practice6,7,52,59,66. 

         On top of ethical constraints, learning MIS techniques requires novice veterinary 

surgeons to acquire dexterity and visuospatial skills rapidly11. However, when selecting 

students for veterinary school, no assessments of these technical skills are considered, 
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and throughout the program these skills are not objectively tested; only assessed in a 

subjective manner by peers and faculty8,25. 

         Studies performed using veterinary students pertaining to these topics are rare, 

and are more common in human medicine. Most of veterinary medicine research is 

based on research and reviews from human medicine, but these findings are extremely 

applicable to the veterinary population, as the same techniques and learning outcomes 

are expected of both student populations. 

1.2.2  Human Medicine – Surgery 

Within the area of human medicine, there have been reviews that show a positive 

relationship between dexterity and visuospatial skills regarding surgical 

performance55,59. The consensus seems to be that these technical skills are important in 

the medical profession and that selection criteria for medical school or advanced 

residency training programs should be considered32,55,59. Some studies have mentioned 

that the selection process relied upon for admissions positively correlates with the 

performance of their accepted students20. However, the majority of studies state that 

there is no correlation between a students’ technical skill performance and the 

admission process, with some suggesting evaluation of the current admission criteria 

instead of adding new critera19,66. It is important to note that, while the importance of 

testing technical skills during admission is established, the tests that should be used to 

provide the best predictive power of performance have not been agreed upon19,66. 
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It is also important to mention that the literature consistently confirms that the 

correlation between visuospatial and dexterity skills and program performance was 

weaker in more experienced surgeons59, meaning that the technical skills of medical 

students and medical resident surgeons correlate better with program performance than 

students in fellowship, or specialist programs. Therefore, this relationship may hold true 

for novices to surgical training (such as undergraduates applying to medical or 

veterinary colleges), but it has been shown that accomplished surgeons that have 

already received surgical training do not exhibit this relationship59. 

1.2.3 Human Medicine – Radiology 

As recently as 2015, studies have indicated that there is not enough in-depth 

research explaining the importance of visuospatial and dexterity skills in radiology 

professions10. Selecting and training for visuospatial and dexterity skills in radiology 

programs has been highlighted in human medicine, but not investigated10, and there is 

even less literature on the importance of these skills in radiology specialties in 

veterinary medicine. Human medicine studies are stating that visuospatial and dexterity 

skills are the foundation of radiology training, many of which are researching alternative 

learning techniques and objective testing to develop and evaluate these technical skills 

within radiology programs1,6,7,52,57,73. 

Like surgical residents in both human and veterinary medicine, radiology 

residents are dealing with increased safety and ethical regulations, both of which limit 

the amount of hands-on training opportunities1,52. With these restrictions, the traditional 

approach of supervised procedures may need to be augmented with instructional DVDs, 
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simulation training, escape rooms, and other novel independent or group 

methods1,38,52,73. 

         Positive correlations have been found between innate visuospatial ability and the 

ability of novice medical students to detect pulmonary nodules, but these correlations 

were not found in radiology residents or consultants, suggesting that innate visuospatial 

ability has no effect in trained individuals7. Finally, one study done on veterinary 

students found that visuospatial skills were better predictors of ultrasonographic and 

fluoroscopic skills compared to dexterity skills, but acknowledged that both skill sets are 

important to the profession74. 

1.2.4  Other Professions 

Visuospatial and dexterity skills in other professions are also seen to have 

correlations to academic potential and career performance47,67. Dental students and 

nursing students both need to have developed dexterity and visuospatial skills to 

perform well in their educational programs and chosen careers. 

Dental students must learn how to see teeth and mouth structures indirectly by 

using a mirror, which requires highly developed visuospatial and dexterity skills47. The 

researchers of a study on dental students mentioned that, although there is not a 

consensus on what test should be used within admission testing for dental school, 

having an objective dexterity score would be beneficial during the selection process47. 

Another study on dental students showed that there is a positive association between 

dexterity and visuospatial ability and academic potential and program success in dental 
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students33,67. Based on studies like these and others, admissions for dental schools in 

the USA use spatial ability tests like the Perceptual Aptitude Test as criteria for 

selection33. It was reported that selecting students out of high school based on GPA is a 

poor selection method, making graduation from the program difficult47. Similar findings 

were reported for college admission criteria in general58. In contrast, one study stated 

that it is not necessary to select dental students based on basic dexterity ability, as the 

training within the program should be sufficient30. 

         A recent study sought to determine the best predictors for selecting nursing 

students at the School of Nursing in Auckland, New Zealand72. Researchers found that 

high school GPA was the best predictor of first-year GPA in nursing school, 

demonstrating a positive association72. Similar results were reported in a nursing school 

in Italy43. However, it is noted that even in academically successful nursing graduates, 

there is a disconnect between the classroom and workplace with respect to technical 

skills23. That is, even those with high marks are not guaranteed to perform technical 

skills such as blood draws, infusions, and injections at a competent level when they 

graduate23. 

As outlined above, other professional programs, including human medicine, 

dental, and nursing, have found importance in evaluation of visuospatial and dexterity 

skills, as such skills are essential in these disciplines, which use very similar skill sets in 

comparison to veterinarians. 
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1.2.5 Admission Criteria and Curriculum Changes 

In veterinary and medical schools across North America, students are admitted 

based on four main categories: grades, GPA, or test scores; interview scores; clinical 

experience; and letters of recommendation19,20,60,66. Although these criteria are 

extremely important when assessing a veterinary school applicant, they fail to assess 

one of the critical skill sets a veterinarian needs to have: technical skills66. 

         There is no guaranteed admission process that will always admit the best of the 

best; it is a working paradigm48. However, it seems that there may be some important 

criteria missing from these admission processes, especially when selecting for 

surgeons19,32,48,55. For example, even though dexterity and visuospatial skills are very 

important — for novice veterinary students as well as practiced veterinary specialists — 

they are not objectively tested during the admission process or throughout the DVM 

program at the Ontario Veterinary College. Two studies performed with general surgery 

residents showed that those selected using the competency-based admission method 

actually had higher job performance ratings than those chosen using the traditional 

admission method, though this relationship was not found in any other specialty60,61. 

An updated curriculum including competency-based or proficiency-based 

assessment may also be needed, considering the restrictions on work hours and 

caseload, reducing the amount of experiential learning opportunities22. Another reason 

this type of assessment may be needed is due to the public expectation that all 

surgeons have standardized training in surgery, among other disciplines22. The ability to 

demonstrate competency in the operating room upon graduation from surgical 
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programs, especially from residency programs, is gaining attention among educators in 

both human and veterinary medicine18,22,24. 

When to apply visuospatial and dexterity evaluation is important to determine as 

well. As there is contradictory evidence as to whether selecting for these skills during 

admission is necessary, further evaluation should be completed to determine the 

relationship between selecting for these skills and program performance19,32,55,59,66. It 

has been noted that more experienced surgeons do exhibit a weaker correlation 

between visuospatial and dexterity skill, suggesting that these skills can be learned 

skills, which would make selecting for them unnecessary59. There is also more evidence 

that including these assessments throughout the program instead of during selection 

would be a better use of resources18,22,24. 

1.3  Tests Used to Assess Dexterity and Visuospatial Skills 

The information regarding associations between visuospatial ability and dexterity 

ability and program performance is controversial and relies on how all three categories 

were tested or scored. There are a variety of visuospatial and dexterity tests that are 

used to measure an individual’s abilities, although more dexterity tests have been noted 

in the literature. For this study, the visuospatial tests being administered are the Purdue 

Visualizations of Rotations Test12 and the Mental Cutting Test17. There are more 

dexterity test options in comparison to visuospatial tests, and even though they all test 

individuals slightly differently, it would be time consuming and expensive to administer 

all of them within one study. The dexterity tests chosen for this study are the Lafayette 

Grooved Pegboard14 and the Coin Rotation Task34,36,53. These tests are efficient and 
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easy to administer. All the tests we have chosen for this study have been validated and 

used multiple times by different institutions. The following sections give an overview of 

the testing formats and rationale for using them. 

1.4 Visuospatial Skills Tests 

1.4.1 Purdue Visualization of Rotations Test 

The PVRT is a highly validated test that has been used to test visuospatial skills 

in multiple fields within the science discipline, but only a handful of times in the 

veterinary student population12,13,69,49,50,71,74. The PVRT consists of 20 multiple choice 

questions, each consisting of three concurrent tasks. First, the participant is shown two 

orientations of the same three-dimensional object and asked to assess the rotation 

between the two. Second, the participant is shown a different three-dimensional object 

and asked to perform the same rotation as the first object. Third, the participant is asked 

to choose the correct depiction of the second three-dimensional object from five multiple 

choice answers. Each question is given a 1-minute time limit for a maximum total of 20 

minutes. If a question goes unanswered after the time limit expires, that question is 

marked incorrect. The final score is recorded as the number of correct answers out of 

20. 

This test has been relied upon in the engineering field for decades to evaluate 

students’ spatial visualization skills, and has also been shown to predict success in 

graphics courses69,71. The PVRT has also been used to predict performance in 

introductory chemistry courses12.  Aviation programs use similar tests. Students are 
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given depictions of planes that will collide, and then the student is asked in what 

direction the plane needs to rotate in order to avoid collision12. 

The Kuder-Richardson 20 and Split-Half reliability coefficients for the 20-item 

PVRT test were calculated using general chemistry students and ranged from 0.78 – 

0.80 and 0.78 – 0.85, respectively12. A meta-analysis reported multiple reliability and 

validity measures from previously conducted studies50. Reliability measures ranged 

from 0.71 – 0.90, and validity measures by the Pearson product-moment correlation 

coefficient ranged from 0.19 – 0.67 in comparison to other validated tests such as the 

Mental Cutting Test and the Mental Rotations Test50. While this meta-analysis mainly 

focused on studies looking at sex differences, it still provides good insight as to how 

widely the PVRT is used50. 

A study done in 1989 concluded that the PVRT was the most significant predictor 

of success in engineering graphics courses out of 11 variables tested, and it has since 

been used in further studies to predict and evaluate visuospatial ability in a variety of 

student populations28. Three recent studies have used the PVRT in veterinary medicine, 

two of which were completed at the Ontario Veterinary College13,49,74. One used the 

PVRT to predict ultrasonography and fluoroscopic skills, and the other used the PVRT 

to predict laparoscopic skills49,74. Another recent study used the PVRT to compare 3D 

spatial analysis abilities in veterinary students at the University of Illinois13. There is 

extensive research showing that the PVRT is a well-validated test with the ability to 

evaluate and predict visuospatial skill. For that reason, the PVRT was chosen to 
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describe the variation present in the student population at the Ontario Veterinary 

College. 

1.4.2  Mental Cutting Test 

The Mental Cutting Test (MCT) is another widely used assessment to test 

visuospatial skills, and was developed as part of a university entrance exam in the USA 

in 193917. The original test consists of 25 multiple choice questions, where each 

question depicts a three-dimensional shape that is cut on a shown plane. The 

participant is then asked to choose the correct resulting cross-section from five potential 

views. In this study, a validated 10-question multiple choice quiz, the MCT was used to 

try and cut down on time testing to increase the number of participants recruited. 

         The Mental Cutting Test has been widely used for testing students at any level, 

and is used to evaluate spatial ability in multiple science fields, including engineering 

and mathematics, among other technical fields requiring spatial ability. This study was 

developed and validated by the College Entrance Examination Board17. A dissertation 

reported a Kuder-Richardson 20 reliability coefficient of 0.815 for the MCT, while a 

Turkish study reported a Cronbach’s Alpha reliability coefficient of 0.6940. 

         Sorby 200971 mentioned that another spatial ability test, the Differential Aptitude 

Test: Space Relations (DAT:SR), was better than the MCT when comparing success 

predictions in engineering graphics courses. The DAT:SR consists of 50 multiple choice 

questions, which makes it quite lengthy. The MCT was chosen for this study because it 
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is a reliable measure of visuospatial skill, and there is a much shorter version available 

that can be completed online at the convenience of the participant. 

1.5 Dexterity Tests 

1.5.1 Grooved Pegboard Task 

         The Grooved Pegboard Task (GPT) is a well-known and oft-used assessment of 

psychomotor speed and dexterity. It has been used in assessing manual dexterity 

aptitude in many professions, such as surgeons, dentists, and machinists, as an 

indicator of work performance75. After assessing a variety of variables, the GPT and 9-

Hole Peg Test (9HPT) were assessed in one study to be included in the National 

Institutes of Health Toolbox for the Assessment of Neurological and Behavioural 

Function75. This assessment proved that the GPT is a suitable test to include in the 

battery of tests in the NIH Toolbox, but the 9HPT was chosen over the GPT75. The main 

reasons the 9HPT was included over the GPT were 1) the three trials for the GPT on 

each hand exceeded the 5-minute time limit used in the study, and 2) the length of the 

9HPT was not appropriate for children75. The GPT was included as a supplemental test, 

as it measures higher-level dexterity function in neuropsychological testing75. This study 

reported moderate/high test-retest reliability with the right-hand and left-hand values at 

0.91 and 0.85, respectively75. Lower test-retest reliability has been reported for the GPT 

in another study, although the statistical power was low45. The GPT also showed 

moderate concurrent validity with the Purdue Peg Test and the Bruininks-Oseretsky 

Test (BOT), both of which are included in the NIH Toolbox75. 
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         Studies have shown that the GPT is a reliable predictor of skill acquisition in 

laparoscopic surgery in medical students and in veterinary students32,49. Due to the 

increased sensitivity to fine motor skills and the validity of the test, the GPT was chosen 

for inclusion in our study to evaluate dexterity skills in veterinary students. 

1.5.2  Coin Rotation Task 

         The Coin Rotation Task (CRT) is a relatively new test designed to evaluate fine 

motor dexterity ability. It has gained popularity as a quick and easy bedside assessment 

of dexterity in psychomotor diseases, depression, heart attacks, and even brain trauma 

cases5,36,53. This test consists of rotating a coin (a quarter is most frequently used) using 

your thumb, forefinger, and middle finger. The test administrator then times how long it 

takes for the participant to complete 20 180-degree turns of the coin. Three trials were 

completed on each hand, and an average time in seconds was recorded. Another 

version of this test counts how many rotations can be done within a certain time limit, 

but these studies showed lower sensitivities, specificities, and accuracy36,54. 

         All studies that used the time-to-completion method of testing reported that it was 

a good indicator of whether manual dexterity and/or psychomotor speed was 

impaired34,53. Rationale for using this test is that it is an efficient, cheap, and sensitive 

test, which is also the rationale for using the CRT in this study. 

         Mendoza et al., 200953 reported good diagnostic accuracy for the CRT (Table 

1.1). The area under the curve (AUC) of the CRT was not significantly different from the 

AUCs of the GPT and the Finger Tapping Test (FT) suggesting similar diagnostic 
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accuracy53. ROC curves were analyzed to determine the sensitivity and specificity of the 

dominant and non-dominant hands (Table 1.1). The CRT, along with the FT, had the 

highest classification rate at 84.9%, while the GPT was slightly lower at 81.4%53. The 

construct validity was assessed in relation to the FT, GPT, and the grip strength (GS) 

tests. The CRT was significantly correlated to both the FT and GPT (Table 1.1), and the 

correlation coefficients were similar to those found between the FT and GPT, 

demonstrating good construct validity53. A limitation of this study was that it only used 

male participants, so these numbers may not apply to a mainly female population. 

         Heldner et al., 201434 found that the CRT had moderate construct validity, good 

concurrent validity, and good diagnostic accuracy when assessing patients with multiple 

sclerosis. The CRT had a significant correlation with the 9-Hole Peg Test (9HPT) which 

is another measure of fine manual dexterity (Table 1.1). The CRT also correlated 

significantly with a dexterity questionnaire (Table 1.1), although this correlation was 

stronger than the correlation of the 9HPT to the same questionnaire34. This indicated 

that the CRT may be a better indicator of fine motor dexterity34. The CRT was also 

shown to have good diagnostic accuracy, and it is significant to mention that the AUCs 

in this study reported higher values than those reported in Mendoza et al., 200953 (Table 

1.1). 

         Two other publications also support using the CRT as a tool to evaluate 

psychomotor and dexterity skills36,54. In both studies the test was administered as a 

count test, allowing the participant to rotate the coin as many times as possible within 

10 seconds. Based on the results of these studies, the sensitivity and specificity of this 
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test are lower than the other studies, which performed the CRT using the time-to-

completion method (Table 1.1)36,54. A remark in this study was made expressing that 

although this test was not ready to be a proxy for more validated tests like the GPT, 

results have shown that it is useful to indicate individuals with impaired dexterity. 
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Table 1.1: Review of new Coin Rotation Task validity and correlation values in current studies. All scores were significant in their 
respective studies. 

 

TTC = Time-to-completion method 

Count = Count method 

D = Dominant hand 

Paper  

AUC ROC Correlation 

D ND 

D ND 

Test D ND cut-off Sn Sp cut-off Sn Sp 

Mendoza 

et al. 

2009 

TTC 0.82 0.81 15s 84.6 71.7 19s 62.9 85 FT 

GPT 

RH r =-

0.282 

RH r =0.538 

LH r 

=0.400 

LH r 

=0.434 

Heldner 

et al. 

2014 

TTC 0.848 0.919 18.75s 81.5 80 19.25s 90.3 81.8 9HPT 

Q 

r =0.73 

r =-0.49** 

 

Hill et al. 

2013 

Count 0.75 0.74 10 

rotations 

13 

rotations 

0.43 

0.78 

0.88 

0.63 

10 

rotations 

13 

rotations 

0.52 

0.83 

0.84 

0.43 

GPT 

FT 

GS 

r =-0.70 

r =0.46 

r =0.40 

r =-0.64 

r =0.38 

r =0.31 

Minor et 

al. 2010 

Count   20 

rotations 

0.72 0.61       
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ND = Non-dominant hand 

RH = right hand 

LH = left hand 

Q = Questionnaire 

AUC = area under the curve 

ROC = receiver operating characteristic 

**denotes a negative correlation between tests due to opposite measuring scales 
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1.6  Variation in Dexterity and Visuospatial Ability 

An individual’s previous life experiences have been shown to have an effect on 

both visuospatial and dexterity skills. These experiences can include video game use, 

chopstick use, playing sports, playing a musical instrument, and even knitting, 

crocheting, cross-stitch, and the like37,49,68,74. Handedness has also been shown to 

affect results with respect to dexterity and visuospatial scores, although these findings 

are conflicting16,63. 

1.6.1  Sex 

For decades it has been evident that males tend to perform better on dexterity 

and visuospatial tests than females69-71. However, recent evidence has shown that the 

difference between males and females with regard to these skill sets may not be as 

obvious as it has been previously, with some studies reporting no difference in test 

scores between males and females13,74. 

Studies done before 2005 – 2010 tend to show that there are sex differences 

when it comes to both visuospatial and dexterity ability, but more noticeable differences 

were present with respect to visuospatial ability. Sheryl Sorby, a professor of 

engineering, has published many studies stating the statistically significant difference 

consistently found between males and females in visuospatial skills; skills that are 

highly valued in engineering programs69-71. The PVRT and MCT were used in these 

studies69-71. Studies done earlier, in the 80s and 90s, show an extensive difference 

between males and females with regard to visuospatial skills28,46,69,70. However, one 

study provided reasoning for this difference between sexes46: Males and females tend 
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to approach visuospatial tasks differently. Males tend to have a more holistic strategy 

where they visualize the whole object, while females tend to have a more analytical 

strategy, which includes a stepwise approach46. The analytical strategy commonly used 

by females is less efficient and can take more time, causing a decrease in scores when 

speed is a factor of performance46. 

More recent studies are more likely to report a small difference or a complete 

lack of difference between sexes, and this raises some questions as to why this 

difference has dissipated over time. One study even reported a reverse effect in 

dexterity ability, that females had faster performance times than males14. It has been 

hypothesized that the development of our culture and the decreasing relevance of 

stereotypical gender roles is the reason behind this shift. Today, females are more likely 

to engage in activities like video games or graphic design, activities that increase both 

visuospatial and dexterity skills. Touchscreen devices and mobile phones have also 

levelled the playing field as virtually everyone has access to a device that requires 

dexterity to operate, and if a user plays games on their phone, that only adds an extra 

level of practice. Another reason for the shift is that more measures are being assessed 

when performing these tests. In one study using the PVRT, there were no differences 

between females and males when considering not only time-to-completion, but also 

errors and previous experiences13. An exception to this shift is a systematic review done 

on medical students and residents in 20152. This review showed that male medical 

students tend to perform better with respect to surgical skills, while there was no 

difference between males and females in residents2, suggesting that longer periods of 
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training result in a smaller difference between sexes. A study done in 2012 on recent 

medical graduates also showed that males outperformed females in visuospatial ability 

tasks, but they did not assess residents44. Notably, one study suggested that the new 

CRT may not be affected by sex, which would make it a more accurate tool, but this 

claim requires further testing54. At this point, there are many conflicting studies on this 

topic; as such, sex will be included in this study as a potential bias. 

1.6.2  Video Game Experience 

         Previous experience playing video games has been repeatedly addressed when 

assessing visuospatial and dexterity skills, as many games incorporate both skill sets. 

There are many different types of video games and many different types of consoles to 

play them on. These different variations may have different effects on skill level, 

although there are not many studies that distinguish between the types of games. More 

recently, there have also been studies showing the benefits of virtual reality games and 

virtual scenarios on the development of surgical skills, including visuospatial and 

dexterity26. Those with virtual reality experience may have an advantage with the tests 

used in these studies, resulting in better scores. 

Based on both older and more recent findings, it is quite clear that increased 

video game experience leads to increased surgical skill, as well as increased ease of 

surgical skill acquisition2,48,49,69-71. Video game experience has become a reliable 

predictor of surgical performance, although one study showed weak associations in 

third-year veterinary students between video gaming experience and spatial analysis 

scores and video gaming experience and laparoscopic skills scores13. It is worth noting 
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that this study also showed that those who were interested in pursuing a surgical 

specialty had higher video game scores, regardless of sex13. 

1.7  Evaluation of Skills and Remediation 

In both human and veterinary medicine, the opportunities to teach and train 

technical skills such as visuospatial ability and dexterity in a real-time setting has 

become limited1,19,25,39,52. Recently, there have been concerns raised about the ethics of 

using client-owned animals to train and teach with, as well as reduced work hours or 

reduced caseloads in some instances1,19,25,39,52. These limitations have created a need 

for a way to evaluate a student’s skills and provide remediation if said skills are below 

par. Questions have also been raised as to whether there should be a way to 

standardize the skills students learn, to certify that they have reached proficiency at a 

certain skill level before proceeding to the next set of skills6,7,59,66. 

         The lack of objective and standardized evaluation has been raised with respect 

to surgical skills, in both human and veterinary medicine6,9,21,27,29,42,62,64. In human 

medicine, it was shown that only higher-level residents were able to accurately evaluate 

their skill level in line with faculty, while lower level residents were unable to correlate 

their answer with faculty, suggesting an over- or underestimation of their skills62. This 

could be mitigated by providing assessments of these skills throughout medical school 

and veterinary college, allowing students to be more self-aware of their strengths and 

weaknesses. One study done on American College of Veterinary Surgeons (ACVS) 

small animal residents revealed that only 58% of residents were satisfied or highly 

satisfied with the way technical skills were taught. Of the residents who were not given 
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explicit technical skills assessment, 61% would like an assessment to be 

implemented42. More recent studies have been piloting methods to evaluate surgical 

skills in resident candidates and students within their residencies. Many studies 

explored the idea of introducing these types of evaluations. Similar to the Objective 

Structured Clinical Examinations (OSCEs), evaluations including Proficiency Based 

Training (PBT), Competency-based Model (CBM) and Objective Structured Assessment 

of Technical Skills (OSATS) have been tested to assess proficiency in certain tasks 

deemed to be appropriate for each year of training9,21,27,29,64. These tests provide a way 

to accurately assess an individual’s performance level of surgical tasks, using a 

pass/fail cut-off value for specific measures9,21,27,29,64. One study showed that the 

OSATS testing performed on first-year surgical residents was able to predict the 

success rate of the residents, with those who passed the OSATS outperforming those 

who failed21. However, one study stated that the OSATS scores did not correlate with 

the quality measurements of surgical results in orthopaedic surgical residents4. These 

resources have only been piloted in human medicine, and most of the studies using 

these resources are only including residents. It would be beneficial to include these 

types of evaluations at the student level to mitigate any potential deficits in technical 

skills before reaching the resident level, where they may be expected to use technical 

skills that haven’t necessarily been developed. 

         Many of these pilot studies revealed that there were residents who were falling 

below average, or were at a level of skill that was deemed to require intervention27,64. 

One study reported that 89% of surgical residents received subpar scores on at least 
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one station27, whereas a similar study reported 65% of first-year residents failed at least 

one module, and 48% failed two modules, both studies using proficiency-based 

assessments64. For the students in the study, remediation programs were offered on a 

volunteer basis, as none of these methods were mandatory in the pilot stage of the 

study. Different types of remediation methods were offered to residents in the study 

including computer-based modules, in-class tutoring, and self-taught procedures with 

access to equipment. Some studies offered all three types of remediation and allowed 

the participants to choose which would be most effective, while one study required the 

participants to complete all three types of remediation41. A 6-year longitudinal study at 

the Western College of Veterinary Medicine on the pass/fail rate of a competency-based 

assessment, consisting of several stations to perform specific suture techniques, as well 

as identify and explain the use of specific instruments, reported a pass rate of 88.2% on 

the first attempt, and a 99.2% pass rate after remediation for those who had failed18. 

Remediation attempts in one study reported a 100% success rate on all stations for 

those who failed the first time and subsequently completed remediation27. Remediation 

opportunities provided included practice at stations under staff surgeon supervision, 

instructional videos, and take-home task trainers27. A similar study reported that all 

residents who failed a module on their first attempt passed those modules after 

mandatory faculty-supervised remediation done in the skills laboratory64. The numbers 

suggest that monitoring the development of dexterity and visuospatial skills through 

repeated evaluation of proficiency-based tasks would afford students the chance to 

realize their weaknesses and work on them through remedial instructions. 
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The main limitations to implementing evaluations and remediation techniques 

tend to be the same: cost of the equipment and/or software, time to perform the testing 

and remediation, time to provide reports for feedback, and faculty participation. Some 

studies provided ways to cut down on costs, such as choosing lower costing tests, or 

using equipment already used within the teaching facility. Other studies suggested 

hiring separate faculty members to create a team dedicated to ensuring the students 

were gaining the necessary skill sets through evaluation41. 

1.8  Study Limitations 

As discussed above, sample size seems to be a recurrent issue when evaluating 

the literature. These studies are usually describing small, closed populations of 

students, which limits these studies to what proportion of these students volunteer to 

participate. This limitation also subjects our study to volunteer bias, which may limit our 

external validity. Our proposed study is not excluded from this limitation, but since this 

area of research is quite new, we need this study to provide a basis for future studies in 

this area. This study could be subject to both Type 1 and Type 2 errors, potentially due 

to sample size restrictions, or even test choices as mentioned above. Due to our 

specific restrictions, we are more likely to come across a Type 2 error due to not 

enough power from small sample sizes. Last, the population of students at the OVC are 

primarily females, which will most likely bias our results. As noted above, many studies 

have shown that females have overall poorer dexterity and visuospatial skills in 

comparison to males, although more recent results have contradicted these 

findings2,13,14,46,69-71. There may be bias in the overall results concerning sex and 
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dexterity and visuospatial scores, and the results will need to be explicit with respect to 

this possibility.   

1.9  Future Objectives and Next Steps 

There is a paucity of information regarding the visuospatial and dexterity skills of 

veterinary students. In contrast, there have been many recent studies investigating how 

to evaluate and teach these skills to medical students at all 

levels4,6,9,10,15,19,21,26,27,30,36,38,41,48,49,52,59,60-62,64,66,73. With this study, we hope to determine 

how these skills can be better taught and integrated into admission processes and 

curriculums of veterinary schools. This information will provide a basis for future studies 

to objectively assess and test these skills in different veterinary schools, and to include 

entire populations of veterinary schools. 

Surgical practice and skills also come into question when thinking about ethics. 

Recently there have been questions surrounding the use of patients as practice tools for 

novice surgeons. Stepping back from the traditional teaching method of “see one, do 

one, teach one” and looking at using simulations and virtual reality in place of live 

patients may be the future for both human and veterinary medicine students19,39. These 

technologies allow for errors to be made without causing complications in a live 

patient25,39. They can also be used to test students’ reactions to stressful environments 

in a virtual world, instead of a real-world situation that has real consequences39. 

Obtaining and using the data collected in veterinary students can start the journey 

toward further validating these technologies, not only in human medicine, but in 

veterinary medicine as well. 
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2 Investigation of Innate Visuospatial and Dexterity Skills in 
Veterinary Students 

2.1 Introduction 

Veterinary medicine is a multidisciplinary field, requiring advanced knowledge in 

many subspecialties including diagnostic imaging (e.g., interpretation of radiographs 

and ultrasonography) and surgery23,45. In order to be proficient in these areas, 

visuospatial and dexterity skills are required23,45. Dexterity skill requires an individual to 

be able to manipulate objects in a coordinated manner using their 

fingers37,45.  Visuospatial skill refers to an individual’s ability to mentally perceive and 

manipulate 3D objects2,24,26. The inherent dexterity and visuospatial ability of a 

veterinary medical student may allow one student to excel and succeed at a faster pace 

than another who may not possess the same inherent skill level. Currently, dexterity and 

visuospatial skills are not objectively assessed in the selection for, or in the curricula of, 

many veterinary medical schools8,45. Objective assessment of dexterity and visuospatial 

skills, and intentionally improving these skills to a standardized level in students who are 

struggling, may prove to be an important learning concept throughout veterinary 

school8,45.  

These skill sets have proven to be important in other medicine-based programs 

including dentistry, nursing, and human medicine10,22,28,38,40,41. Like veterinary medicine, 

human medical professionals are more frequently put under the spotlight for quality of 

care in patients8,9,35,38. This jumpstarted the need for more standardized training with 

regard to clinical skill sets requiring visuospatial and dexterity skills8. Many studies in 
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human medicine have shown a positive relationship between visuospatial and dexterity 

skills and clinical performance, specifically in surgical specialties4,38,39. Studies 

performed on both dental and nursing program populations have shown that using an 

objective dexterity test during the admissions process would be beneficial. Many current 

dental and nursing programs rely mainly on GPA, which may not be the best selection 

method10,22,40,41. These studies report a weak or no relationship between program GPA 

and technical skills upon graduation, stating that adding dexterity and visuospatial 

testing during admission may be the next step10,15,22. 

To date, current techniques to quantify visuospatial skills include multiple choice 

tests, such as the Mental Cutting Test (MCT) or the Purdue Visualization of Rotations 

Test (PVRT), and interactive tests, such as video game-based modules, among 

others11,19,25. These tests evaluate how skilled an individual is at mentally perceiving 

three-dimensional (3D) changes to an object and are scored based on how many 

scenarios are correctly answered11,19,25.  Dexterity skill level can be quantified using 

validated tasks such as the Grooved Pegboard Task (GPT)23, but newer, simpler, and 

faster tests are now coming to light, such as the Coin Rotation Task (CRT)3,16,17,27. 

Using these tests, individuals are asked to perform a task requiring fine hand motor 

movements and are timed to see how long it takes to completion. Testing visuospatial 

and dexterity skills in this manner provides insight into how individuals compare to their 

peers within the same program. 

This descriptive study aims to describe the dexterity and visuospatial skills 

present in veterinary students in a closed population. We hypothesized that visuospatial 
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and dexterity skills would increase as participants progressed from phase 1 to 4. We 

also hypothesized that visuospatial and dexterity skills would increase in participants 

with better class rank. Being able to measure and describe these skill sets is important 

to evaluating how veterinary students are developing throughout their educational 

career. With this information, this study hopes to start the discussion about how 

students are learning in this advancing world of veterinary medicine. 

2.2 Materials and Methods 

2.2.1 Study Participants 

Study participants included students in phases 1 to 4 of the Doctor of Veterinary 

Medicine (DVM) program at the Ontario Veterinary College, University of Guelph. 

Listserv emails, classroom announcements, and newsletter announcements invited 

students to voluntarily participate in the study, which consisted of two testing periods: 

the online testing period and the in-person testing period. Recruitment occurred for the 

entire four-month semester. Listserv emails were sent the first week of the semester 

and repeated once a month for four months. Classroom announcements occurred once 

for each phase. Newsletter announcements within the student community occurred 

once a month in the last two months of recruitment. This study protocol was approved 

by the University of Guelph Review Ethics Board (REB #18-11-007). 

2.2.2 Demographic Questionnaire and Visuospatial Skill Evaluation 

Participants initially conducted an online questionnaire (Appendix 1) consisting of 

an online consent form that participants had to answer “Yes” to in order to continue with 

the evaluation, followed by 17 questions regarding demographics, program information, 
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and activities relating to dexterity and visuospatial skills. This questionnaire took a 

maximum of 10 minutes. Upon completion of the questionnaire, a link brought the 

participant to the online testing of visuospatial skills portion, which consisted of two tests 

(Appendices 2 and 3). All online portions of this study were delivered via Qualtrics 

software32, which also randomized the order of the visuospatial tests and timed the 

length of each test question. If a test question was not answered within one minute, the 

question was marked as incorrect and the participant moved on to the next 

question. These tests were scored on a percentage scale by how many questions were 

answered correctly. The total time spent on the online testing period was maximum 40 

minutes. Two tests were used to evaluate visuospatial skills: The Purdue Visualization 

of Rotations Test (PVRT) and the Mental Cutting Test (MCT). Both tests are designed 

to challenge a participant’s mental ability to perceive changes to a 3D object5,6,42-44. 

         The PVRT is a test consisting of two example questions and 20 marked 

questions (Figure 2.1). For each question, a 3D object was presented, with a 

corresponding rotation of that 3D object. A second 3D object was then presented, and 

the participant was required to choose the correct view of the second 3D object if it were 

rotated in the same way as the first 3D object. Five views were presented as potential 

answers and the participant had to choose the correct rotated view. 
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Figure 2.1: Sample question taken from the PVRT 

         The MCT is made up of two example questions and 10 marked questions (Figure 

2.2). For each question, a cross-section of a 3D object was presented. Each participant 

then had to choose the correct view of the object matching the shape that the cross-

section produced. Five potential answers were provided. 
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Figure 2.2: Sample question taken from the MCT 

2.2.3 Dexterity Skill Evaluation 

The second testing period consisted of an in-person testing session with the 

primary investigator (EL). Each participant was given instructions on how to complete 

each task and were subsequently timed. The time-to-completion score for each hand 

was recorded in seconds. These tests were presented in a randomized order using an 

online random number calculator, with the CRT being test 1 and the GPT being test 2. 

 Two tests were used to evaluate dexterity skills during the in-person testing 

period: the Grooved Pegboard Test (GPT)14,23,46 and the Coin Rotation Task 

(CRT)3,17,27. 

         The GPT required each participant to place 25 pegs into a 5x5 pegboard with 

grooved peg holes (Figure 2.3). The participant grabbed one peg at a time from the well 

above the pegboard and oriented the peg correctly to fit in the grooved hole. This 

continued until all pegs had been placed in the board in the correct orientation. If a 
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participant dropped a peg, that peg was left where it fell, and the participant grabbed a 

new peg from the well without any stoppage in time. The dominant hand was used for 

the first trial, with the right-handed participants placing pegs from left to right across the 

pegboard and the left-handed participants placing pegs from right to left across the 

pegboard. 

 

Figure 2.3: Grooved Pegboard Test board and pegs 

          The CRT required participants to complete 20 rotations of a Canadian quarter 

with each hand using their thumb, index, and middle fingers (Figure 2.4). Three trials 

were completed on the dominant hand, followed by three trials using the non-dominant 

hand. The task was performed on a tabletop. If the coin was dropped and stayed on the 
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table, the time continued. If the coin fell off the tabletop, the trial was stopped and 

restarted. The average time to completion was taken for each hand. 

 

Figure 2.4: Graphic of a 6-picture series of the CRT rotation movements 

2.2.4 Statistical Analysis 

Data resulting from the online questionnaire and two visuospatial tests was 

collected using Qualtrics software32. This data was collected by a third-party partner to 

ensure anonymity of the participants. An Excel spreadsheet was used to collect data for 

the two in-person dexterity skills tests. Due to the need for face-to-face testing for the 

dexterity tests, the initial testing for this section could not be blinded. To counteract this 

bias for statistical analysis, all online and in-person testing data was securely 

transferred to a third-party partner who anonymized all collected data. The anonymized 

data was then securely transferred back to the data collection team for analysis.  
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Statistical analysis was performed using SAS statistical software36. A general 

linear model was fit to determine if class rank, phase, sex, or age were predictors of 

visuospatial and dexterity ability. The model included the effects of class rank, phase, 

sex, and age, as well as effect interactions and quadratic effects. A Shapiro-Wilk test 

and examination of the residuals was used to test for normality. Data was transformed 

to meet the assumptions of the model. Scored data and percentage data, along with 

PVRT and MCT scores, was logit transformed. Continuous data, GPT and CRT tests, 

were log transformed. Models were simplified by removing non-significant effects. 

Slopes of the final linear equations with a significant class rank or phase effect were 

tested against 0 as well as compared to each other. Mean estimates for sex and phase, 

when significant, are reported as the average class rank value. Post hoc Tukey tests 

were used to adjust for multiple pairwise comparisons between the slopes. The 

significance threshold was set at 0.05. Data was back transformed using either a log or 

logit transformation for graphs and interpretation. 

The sample size was calculated using α = 0.05, a population size of 475, and a 

margin of error of 5%. Using the Qualtrics XM sample size calculator with these values, 

a sample size of 213 participants was needed33. 

2.3 Results  

2.3.1 Online Questionnaire and Visuospatial Skill Evaluation  

One hundred and thirty-seven veterinary students volunteered to participate in 

this portion of the study, which included a questionnaire, performing the Purdue 

Visualization of Rotations Test (PVRT), and performing the Mental Cutting Test (MCT) 
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in an online format. Collected data from four participants were removed due to 

incomplete data, which resulted in a total of 133 participants providing data for final 

analysis. Table 2.1 shows that most participants were in phase 3 (32%), were female 

(86%), and were right-handed (91%). Age ranged from 21–36, with a median of 24. 

Class rank ranged from 1 (the highest class rank) to 117, where the lowest possible 

class rank was 121. The total time taken to complete the online testing period did not 

exceed 40 minutes.  

Table 2.1: Descriptive statistics of variables reported in the initial participant questionnaire 
included in the online testing period. 133 participants were included in the online testing period. 

Variable Response Percent (%) Range 

Phase 1 

2 

3 

4 

27 

24 

32 

17 

n/a 

Sex Male 

Female 

14 

86 

n/a 

Class Rank Numerical n/a 1–117 

Handedness Right Hand 

Left Hand 

91 

9 

n/a 

https://d.docs.live.net/efb181054746155e/Desktop/MSc/Final%20Thesis/Results_FourthDraft.docx#_msocom_1
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Age (years) Numerical n/a 21–36 

  

2.3.2 Purdue Visualization of Rotations Test (PVRT) 

The only significant variable included in the final model was sex. Phase or class 

rank did not have significant effects on the PVRT score, while males and females were 

shown to have significantly different scores (p = 0.0008) (Figure 2.5). The average 

score for males was 85.79%, while the average score for females was 71.65% (Table 

2.2). 

 

Figure 2.5: Purdue Visualization of Rotations score for all participants separated by sex, score out 
of 20. Based on a general linear model, males had significantly higher scores than females 
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regardless of phase and class rank (p = 0.0008). There was no significant association with class 
rank.  

Table 2.2: Visuospatial tests, Purdue Visualization of Rotations Test, and Mental Cutting Test 
descriptive statistics including lowest score, highest score, and average scores as a percentage. 

Test Lowest 
Score 

Highest 
Score 

Average 

Purdue Visualization of Rotations 
Test 

10% 100%  

Male 85.79% 

Female 71.65% 

Overall 73.68% 

 

Mental Cutting Test 10% 100%  

Male 61.58% 

Female 49.21% 

Overall 50.98% 

 

  

2.3.3 Mental Cutting Test (MCT) 

         The variable included in this final model was sex only; phase and class rank had 

no significant effects on MCT scores. Males on average had higher scores than females 
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(p = 0.0081) (Figure 2.6). The average score for males was 61.58%, while females 

scored lower, with an average of 49.21% (Table 2.2). Phase and class rank did not 

have a significant impact on the MCT scores. 

 

Figure 2.6: Mental Cutting Test scores of all participants separated by sex, score out of 10. Based 
on a general linear model, males had a significantly higher score in comparison to females, 
regardless of phase or class rank (p = 0.0081). No significant association with class rank was 
found. 

 

2.3.4 Dexterity Skill Evaluation 

Of the previous cohort of 133 participants who performed the online visuospatial 

testing portion of the study, only 119 participants performed in-person dexterity testing. 
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This section included the Coin Rotation Task (CRT) and Grooved Pegboard Task 

(GPT). Most of the participants in this section were in phase 3, were female, and were 

right-handed (Table 2.3). There were no changes in age range in this cohort, but the 

class rank range decreased from 1–117 to 2–117, with two being the best class rank. 

Participants did not exceed 10 minutes to complete both tests in this section. 

Table 2.3: Descriptive statistics of the cohort that participated in the in-person testing period, 
which included the Coin Rotation Task and the Grooved Pegboard Test. One hundred and 
nineteen participants were included in this section. 

Variable Response Percent (%) Range 

Phase 1 

2 

3 

4 

28 

21 

33 

18 

n/a 

Sex Male 

Female 

14 

86 

n/a 

Class Rank Numerical n/a 2–117 

Handedness Right Hand 

Left Hand 

92 

8 

n/a 

Age (years) Numerical n/a 21–36 



 

 

46 

 

           

2.3.5 Grooved Pegboard Test – Dominant Hand 

Variables in this model included class rank and phase; sex did not have a 

significant impact on the GPT dominant hand scores. Of the overall GPT scores, 

dominant hand scores had an overall faster time to completion (Table 2.4). An 

interaction between phase and class rank was included in the model. In phase 1, time-

to-completion scores were slower at better class ranks (p = 0.002), but class rank had 

no other significant effect on time-to-completion scores. Phase 1 scores were 

significantly different from both phase 2 (p = 0.046) and phase 4 (p = 0.026) (Figure 

2.7). No other phase comparisons were significantly different (Table 2.5). 

Table 2.4: Coin Rotation Task and Grooved Pegboard Test descriptive statistics. Minimum 
(fastest) time-to-completion score, maximum (slowest) time-to-completion score, and average 
time-to-completion score reported for dominant (DH) and non-dominant (NDH) hand for each test. 

Test Handedness Fastest 
Score 

Slowest 
Score 

Average 
Score 

Grooved Pegboard 
Test 

DH 46.41s 80.35s 58.55s 

NDH 44.94s 100.3s 63.75s 

Coin Rotation Task DH 9.75s 30.34s 15.25s 

NDH 10.22s 30.61s 16.88s 
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Table 2.5: Pairwise comparisons between phases for the dominant hand Grooved Pegboard Test 
time-to-completion scores. Significant pairwise comparisons accounted for via adjusted p-values 
calculated by Tukey tests. 

Comparison Regression 
Coefficient 

95% CI P-
value 

Adjusted P-
value 

P2 vs P3 -0.00081 -0.00259 to 
0.000973 

0.3708   

P2 vs P4 0.000158 -0.00190 to 
0.002218 

0.8795   

P2 vs P1 -0.00214 -0.00392 to -
0.00036 

0.0187* 0.046* 

P3 vs P4 0.000966 -0.00080 to 
0.002731 

0.2806   

P3 vs P1 -0.00133 -0.00276 to 
0.000092 

0.0644   

P4 vs P1 -0.00230 -0.00406 to -
0.00054 

0.0110* 0.026* 

*Denotes statistically significant results (P < 0.05). 
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Figure 2.7: Predicted values for dominant hand Grooved Pegboard Test time-to-completion scores 
(seconds) by phase. Equations represent values based on log transformed data in the regression 
model. Phase 1 showed a significant interaction with class rank; as class increased, time-to-
completion scores were slower (p = 0.002). Phase 1 also had significantly different scores from 
phase 2 (p = 0.046) and phase 4 (p = 0.026). 

2.3.6 Grooved Pegboard Test – Non-Dominant Hand 

Variables included in this model were phase, sex, and class rank. There was an 

interaction between class rank and both phase and sex, but the three-way interaction 

between class rank, sex, and phase was not significant. Males had longer time-to-

completion scores in comparison to females overall (p = 0.0342), with longer time-to-

completion scores also occurring at inferior class ranks in both males (p = 0.0040) and 

females (p = 0.0078) (Figure 2.8).  
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Class rank had significant relationships with both phase 1 (p = 0.0005) and 

phase 3 (p = 0.0355), with slower time-to-completion scores occurring at better class 

ranks (Figure 2.9). Phase 1 and phase 4 had significantly different slopes (p = 0.037), 

where phase 1 had a positive slope and phase 4 had a negative slope (Figure 2.9). No 

other comparisons were significant (Table 2.6). 

Table 2.6: Pairwise comparisons between phases for the non-dominant hand Grooved Pegboard 
Test time-to-completion scores. Pairwise comparisons accounted for via adjusted p-values 
calculated by Tukey tests. Adjusted p-value not needed for sex comparison as it is not a pairwise 
comparison. 

Comparison Regression 
Coefficient 

95% CI P-
value 

Adjusted P-
value 

P2 vs P3 0.000915 -0.00150 to 
0.003329 

0.4542   

P2 vs P4 -0.00136 -0.00306 to 
0.000344 

0.1165   

P2 vs P1 -0.00165 -0.00388 to 
0.000591 

0.1477   

P3 vs P4 -0.00228 -0.00463 to 
0.000077 

0.0578   

P3 vs P1 -0.00073 -0.00342 to 
0.001962 

0.5916   

P4 vs P1 -0.00301 -0.00516 to -
0.00085 

0.0067* 0.037* 

Male vs 
Female 

-0.00234 -0.00450 to -
0.00018 

0.0342*   
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*Denotes statistically significant results (P < 0.05). 

 

 

Figure 2.8: Depiction of the relationship between sex and class rank with respect to Grooved 
Pegboard Test non-dominant hand time-to-completion scores. Equations represent the slopes 
using logit transformed model data. Based on a general linear model, males had slower time-to-
completion scores in comparison to females (p = 0.0342). Both males and females had 
significantly slower time-to-completion scores as class rank worsened (p = 0.0040; p = 0.0078; 
males and females respectively). 
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Figure 2.9: Depiction of the relationship between phase and class rank with respect to Grooved 
Pegboard Test non-dominant hand time-to-completion scores. Equations represent the slopes 
using logit transformed model data. Based on a general linear model, phase 1 and phase 3 both 
had slower time-to-completion scores as class rank worsened (p = 0.0005; p = 0.0355; phase 1 and 
phase 3 respectively). Phase 1 and phase 4 had significantly different slopes (p = 0.037). 

2.3.7  Coin Rotation Task – Dominant Hand 

Variables included in this model included phase, class rank, and an interaction 

variable between phase and class rank. Sex had no significant impact on time-to-

completion score. Overall, dominant hand CRT time-to-completion scores were faster 

than non-dominant hand scores (Table 2.4). Phase 3 was the only phase that had a 
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slope different from zero, with a significant positive interaction with class rank (time-to-

completion scores were slower at better class ranks) (p < 0.0001) (Figure 2.10). Phase 

3 also had significantly different scores in comparison to phase 1, 2, and 4 (Table 2.7), 

but no other comparisons were significant (p = 0.026; p = 0.0058; p = 0.0058, 

respectively). However, differences between scores in phase 1 and phase 2 (p = 

0.0787), and phase 1 and phase 4 (p = 0.0872) were approaching significance (Table 

2.7). 

Table 2.7: Pairwise comparisons between phases for the non-dominant hand Coin Rotation Task 
time-to-completion scores. Pairwise comparisons accounted for via adjusted p-values calculated 
by Tukey tests. 

Comparison Regression 
Coefficient 

95% CI P-
value 

Adjusted P-
value 

P2 vs P3 -0.00552 -0.00835 to -
0.00270 

0.0002* 0.0058* 

P2 vs P4 -0.00009 -0.00336 to 
0.003178 

0.9556   

P2 vs P1 -0.00253 -0.00535 to 
0.000294 

0.0787   

P3 vs P4 0.005429 0.002629 to 
0.008230 

0.0002* 0.0058* 

P3 vs P1 0.002992 0.000728 to 
0.005256 

0.0100* 0.026* 

P4 vs P1 -0.00244 -0.00524 to 
0.000361 

0.0872   
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 *Denotes statistically significant results (P<0.05). 

  

  

Figure 2.10: Depiction of the relationship between phase and class rank with respect to dominant 
hand Coin Rotation Task scores. Equations are representing the slopes of the lines using log 
transformed model data. Based on a general linear model, phase 3 had significantly different 
scores from phases 1, 2, and 4 (p = 0.026; p = 0.0058; p = 0.0058, respectively). Phase 3 also had a 
significant interaction with class rank; as class rank increased, time-to-completion scores were 
slower (p < 0.0001). 

2.3.8  Coin Rotation Task – Non-dominant Hand 

Variables in this model include phase and class rank, with an interaction effect 

between phase and class rank. Sex did not have a significant impact on time-to-

completion scores. Similar to the CRT dominant hand scores, phase 3 had significantly 
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different scores compared to phase 1, 2, and 4 (Table 2.8) (p = 0.0036; p = 0.005; p = 

0.0042 respectively). As seen in Figure 2.11, phase 3 has a significantly different slope 

from zero as well (p < 0.0001). Phase 1, 2, and 4 have trends that are either negative or 

stay neutral in their relationship with class rank, although they are not significant. Phase 

3, however, has a positive trend with class rank, showing that time-to-completion scores 

worsen as class rank worsens (p < 0.0001) (Figure 2.11). 

Table 2.8: Pairwise comparisons between phases for the non-dominant hand Coin Rotation Task 
time-to-completion scores. Pairwise comparisons accounted for via adjusted p-values calculated 
by Tukey tests. 

Comparison Regression 
Coefficient 

95% CI P-
value 

Adjusted P-
value 

P2 vs P3 -0.00514 -0.00832 to -
0.00195 

0.0018* 0.005* 

P2 vs P4 -0.000035 -0.00365 to 
0.003722 

0.9849   

P2 vs P1 -0.00089 -0.00408 to 
0.002292 

0.5800   

P3 vs P4 0.005171 0.002013 to 
0.008329 

0.0015* 0.0042* 

P3 vs P1 0.004244 0.001691 to 
0.006797 

0.0013* 0.0036* 

P4 vs P1 -0.00093 -0.00408 to 
0.002228 

0.5616   
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Figure 2.11: Depiction of the relationship between phase and class rank with respect to non-
dominant hand Coin Rotation Task scores. Equations are representing the slopes of the lines 
using log transformed model data. Based on a general linear model, phase 3 had significantly 
different scores from phases 1, 2, and 4 (p = 0.0036; p = 0.005; p = 0.0042, respectively). 
Significant in phase 3 only, as class rank increased, the time-to-completion scores were slower (p 
< 0.0001).  

2.4 Discussion 

Some underlying factors are linked to skill level of visuospatial and dexterity 

abilities in DVM students. Most prominent were the similarities seen in the visuospatial 

tests. In both models, the only significant effect was sex; there were no significant 

differences in visuospatial scores with regard to class rank or year of study. While this is 
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the first study to test these skills using class rank and year of study of an academic 

program, the effect of sex on these skills has been reported previously29,42-44. Many of 

these studies have shown that males typically have higher visuospatial scores, while 

few showed that there was no difference between males and females23,45. One theory 

explaining why this trend is continuously seen is that males and females have a 

different approach to solving visuospatial problems42-44. It is thought that females tend to 

think in a stepwise fashion, while males tend to look at the object as a whole, allowing 

males to come to a solution faster and more easily than females42-44. These results 

were also noted previously in human medicine1,21. One study tested spatial ability in 

medical students entering various residency training programs and found sex 

differences favouring males in two visuospatial tests, the Mental Rotations Test and the 

3D Mental Rotations Test21. A systematic review, looking at the acquisition of surgical 

skills in medical students and residents, showed that male medical students tended to 

perform better on virtual reality simulators and Fundamentals of Laparoscopic Surgery 

tasks, although differences between sex in residents were not commonly found1. 

Interestingly, these differences seem to be exclusive to visuospatial testing, although 

the same systematic review mentioned above did show that males tended to outperform 

females in suturing tasks1. It is still important to note that many studies testing both 

visuospatial and dexterity skills related to medical fields are not including sex in their 

analyses, making it difficult to compare our results11,12,34. 

The non-dominant hand Grooved Pegboard Test results were like those using 

the dominant hand. For both dominant and non-dominant hands, phase 1 and 3 had 
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either neutral or slightly positive trends, while both phase 2 and 4 had negative trends. 

One major difference between the dominant and non-dominant hand test results was 

that the non-dominant hand showed that male time-to-completion scores were longer 

than females, whereas the dominant hand results did not have a sex effect. The 

implications of this result are not clear as it could be a sampling error, and no other 

studies were found to support this finding, although one study found no difference in 

dexterity skill testing between sexes in veterinary students8. It is possible that there 

could be some skill transfer at play here between the dominant and non-dominant 

hands. Studies have shown that training a dexterity skill on the dominant hand can lead 

to increased performance of that same skill on the non-dominant hand, and vice 

versa18,20,30,31. If females had better skill transfer from dominant hand to non-dominant 

hand, that could explain why females had faster time-to-completion scores for the non-

dominant hand. Further studies would need to be done to confirm the legitimacy of the 

sex effect only being seen in the non-dominant hand using the GPT.  

Both males and females in the non-dominant hand GPT testing had better time-

to-completion scores, which aligns with our hypothesis. Also aligning with our 

hypothesis, in the non-dominant GPT testing, phases 1 and 3 had better time-to-

completion scores at superior class ranks. However, the opposite relationship was seen 

in phase 2 and 4, where better time-to-completion scores were seen at inferior class 

ranks. To understand why there is contradiction between phases would require a more 

detailed look at grades in specific classes instead of class rank. 
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The Coin Rotation Task results for the dominant and non-dominant hand had 

similar trends. Comparing the CRT results and the GPT results, the slopes stayed 

consistent, but were more pronounced in the CRT. Phase 1 and phase 3 both had 

neutral or positive trends, while phases 2 and 4 had negative trends, as did the GPT 

results. No sex effects were found in the CRT analysis. An important finding to highlight 

is the slope of phase 3 in both the dominant and non-dominant hand results in the CRT; 

the slope is highly positive and significant. This finding suggests that participants in 

phase 3 have better time-to-completion scores at superior class ranks, supporting our 

hypothesis. Phase 3 is the only phase that does not have males tested, and it is also 

the phase with the most participants tested, both of which could have contributed to this 

finding. It is interesting that looking solely at a female population gave rise to such a 

pronounced trend. Perhaps it is possible that we are missing more pronounced trends in 

other phases due to the smaller sample sizes and mix of males and females. To fully 

explain this, future studies may also have to look more closely at the classes or other 

specific factors in each phase of the veterinary program to gain a better understanding 

of whether this finding is due to the stage of learning, or if it is solely a finding found only 

in this cohort.  

One of the biggest limitations of this study was sample size, as we were not able 

to meet our calculated sample size goal of 209 participants. This limits the 

generalizability of these results to future cohorts, as some of the results may be 

underpowered. Volunteer bias may also be at play, as those who volunteered to 

participate may have a fundamentally different visuospatial and dexterity skill set than 
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those who did not volunteer. In order to determine this, you would need to assess all 

students within the veterinary program to see if similar results are found. Finally, the 

ability to generalize these results to future populations is limited, as more data is 

needed to make conclusions about the whole population. These results can be applied 

to this cohort.  

Studies done in human medicine, nursing, and dental programs have shown that 

students who score higher in technical skills, including tasks that use visuospatial and 

dexterity skills, are more likely to receive higher academic and practical reviews in the 

program, as well as receive better performance reviews from their first 

employers7,9,10,15,41. Unfortunately, the use of class rank as academic achievement in 

this study did not prove to be a good measure to correspond with the visuospatial and 

dexterity test results. Only dexterity tests showed limited interactions with class rank in 

phase 1 and phase 3. The intention was to use specific classes within each phase 

related to these skills, but that data was too difficult to extract for each participant. Using 

a different variable to compare these skill sets to academic performance, such as 

Objective Structured Clinical Examinations, specific classes related to dexterity and 

visuospatial skills, surgical skills, radiograph interpretation, or future employer reviews, 

may unveil different results.  

Overall, it was an interesting first look at the distribution of visuospatial and 

dexterity skills present in a veterinary program, though there are some questions 

remaining that need to be answered. Could we improve visuospatial and dexterity skills 

for future veterinarians using a regimented proficiency-based or competency-based 
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learning program? Is it worth figuring out which students perform poorly in these skill 

areas, and providing remediation tactics to these students? Specifically, for visuospatial 

skills, it would be interesting to look more in-depth at how visuospatial skills can be 

improved upon in veterinary students, especially with a mainly female population. Using 

this information can act as a foundation to spur more investigations into veterinary 

visuospatial and dexterity skills.  

In conclusion, how dexterity and visuospatial skills develop in veterinary students 

is largely unknown. The trends seen in this investigation are a snapshot of one cohort in 

the veterinary program at Ontario Veterinary College, making it hard to generalize these 

results to future populations and to students at other veterinary schools. Dexterity and 

visuospatial skills are needed every day in the veterinary profession, and it is imperative 

to continue to study these skills in order to understand how these skill sets are learned 

and how best to teach them to veterinary professionals. 
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3 General Discussion 

3.1 Methods 

Online questionnaires used for collecting demographic data have been used 

previously in veterinary student populations5,16. This method worked well, as an online 

consent form was placed before the questionnaire began. This online section could also 

be done remotely, at the participant’s convenience. 

It was difficult to decide what tests were appropriate for testing dexterity and 

visuospatial skills in veterinary students. Based on a thorough literature review done 

prior to beginning this study, as well as a recommendation from an expert in the field, 

Dr. Sheryl Sorby, the two best visuospatial tests were the Mental Cutting Test (MCT) 

and the Purdue Visualization of Rotations Test (PVRT), and the two best dexterity tests 

were the Grooved Pegboard Task (GPT) and the Coin Rotation Task (CRT)2,6,8,9,13, 

17,19,20,21,23. The time required to perform all these tests was highly considered when 

researching and choosing tests for this study. A previous study testing minimally 

invasive techniques in veterinary students used longer testing methods and had a 

difficult time recruiting students from the same population10,22. 

   The two visuospatial tests, MCT and PVRT, were both created to test 

visuospatial skills. The MCT was created by the College Entrance Education Board as 

part of a university entrance exam2. This test has previously been used in a veterinary 

student population, as well as in other program testing requiring students to have 

developed visuospatial skills, including engineering students and chemistry 
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students19,14,21. Another spatial ability test, called the Differential Aptitude Test: Space 

Relations (DAT:SR), was compared to the MCT19,20,21. Both tests have similar reliability 

coefficients, but the MCT can consist of either 10 or 20 multiple choice questions,, while 

the DAT:SR involves 50 multiple choice questions. Therefore, the MCT was chosen to 

keep the testing time to a minimum. The PVRT was created to test chemistry students’ 

spatial ability, but is also widely used in engineering programs and graphics courses, 

with adaptations even made for aviation schooling1. The PVRT has also been used 

three times in veterinary student populations, with two of the studies using the 

population at the Ontario Veterinary College10,22. This test is a staple in testing 

visuospatial skills, so it was included in the testing regimen. 

The first dexterity test included in this study was the Lafayette Grooved Pegboard 

Task (GPT). It is a well-known test used to evaluate psychomotor and dexterity ability in 

professions such as human surgeons, machinists, dental hygienists, and dentists, and it 

has recently been adapted for veterinary medicine. When compared to other dexterity 

tests, reliability and test-retest scores are similar to the Purdue Pegboard and the 9-

Hole Pegboard Task, both of which are included in the National Institute of Health 

Toolbox. This test met the study criteria for skills testing and length. The second 

dexterity test that was chosen is the Coin Rotation Task (CRT). The CRT is widely used 

for testing patients with neurodegenerative and psychomotor diseases because it is fast 

and inexpensive. The validity test scores of the CRT resemble those of the GPT, and it 

is a much faster test. The CRT was chosen for this study because the length of time 
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taken to complete the test was very appealing and has a high chance of being used in 

future studies.  

Some limitations were expected for this study. The biggest limiting factor of this 

study is sample size. This study, at this level of research, was unable to feasibly test 

every student in the Ontario Veterinary College population. Due to the demands of the 

veterinary program, only 28% of the population volunteered to participate in this study 

(133/475). Twenty-eight percent of the population completed at least half of the testing, 

while only 25.05% (119/475) of the population completed all testing. We did not meet 

our target sample size of 209 participants, so the results of this study may be 

underpowered. A way to mitigate this in future studies is to have the online testing and 

in-person testing portion done at the same time, as well as inquiring about making the 

testing mandatory and creating a schedule for groups of participants to complete the 

testing. This would be especially beneficial for phase 4 participants, as it was more 

difficult to recruit them due to the nature of that level of the program requiring rotations 

outside of the school. Finding other dexterity and/or visuospatial tests that are shorter 

may also prove to be less intimidating for students who have a full course load to deal 

with. 

Another limitation includes the distribution of the sample with regards to sex. The 

Ontario Veterinary College typically has a high female-to-male ratio, which results in this 

sample only having 14% male participants in the online testing portion and the in-person 

testing, with no males being tested in phase 3. Although this is an accurate sample 

distribution for sex based on the actual population, it limits the power of statistical 
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analysis to compare males and females with regard to dexterity and visuospatial skills. 

Ensuring all students participate in studies such as this one, or opening this study to 

more veterinary colleges, should be considered for future studies. Sex was still included 

as a variable in this study, as it has been shown that sex can confound the results with 

respect to dexterity and visuospatial skills11.  

Due to this study using data from only one calendar year, the results must be 

carefully interpreted. This study does not delve into cohort vs. population effects. The 

main question we are unable to answer is whether these results are generalizable to the 

whole OVC population, or if these results are specific to this cohort only. Further testing 

of this population would be beneficial so as to compare these results to other cohorts, to 

decipher if these results are genuinely how visuospatial and dexterity skills develop in 

the veterinary program. Previous investigations into visuospatial and dexterity skills in 

veterinary students collected data on life experiences that have been shown to effect 

visuospatial and dexterity skills, such as playing video games, knitting, and artistic 

experiences such as painting, drawing, or design. Data was collected for this cohort 

regarding these experiences, but was not used in analysis due to how it was collected. 

In this study, the previous experience data was collected in a descriptive manner that 

required reorganizing the data into scores; a better approach would be to collect the 

data using a Likert scale.  

         Finally, the visuospatial tests used are many years old and could benefit from 

being remastered. One of the only complaints about the study from participants was that 

the MCT diagrams were difficult to decipher, making it hard to answer the questions. 
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Due to the copyright of the tests, it would be up to the governing bodies that created the 

tests to remaster them. 

Continuing to investigate these skills is imperative to keep up with the changes in 

veterinary medicine. Current factors limit veterinary students from performing as many 

procedures as their teachers, and recently graduated students, did during their training. 

These factors include client apprehension toward letting students perform procedures, 

limited case variation, limited operating room time, and weekly work hour limitations in 

veterinary programs in the United States4,5,12. Such factors have had a large impact on 

the way a veterinary student is trained, yet the learning system is still the same4,5,12. 

Human and veterinary medicine programs have been researching standardized 

evaluation methods, such as competency-based training, proficiency-based training, 

and training involving remediation methods. With these methods, students are taught 

skills based on levels; a student must successfully pass the required skills tests in order 

to begin training on the next set of skills3,18. If the student does not pass, this triggers a 

second evaluation following a period of remediation16,19. These methods prevent 

students from falling behind in developing necessary skills3,16,18.  

The best time to test visuospatial and dexterity skills is still an important factor in 

this research. A subset of studies in human medicine have used evaluation of 

visuospatial and dexterity ability in their admission criteria. Some studies determined 

that it should be an option to select for students with higher skill level, while others 

determined that the selection process does not need to change 3,10,18,19,22. It has been 

shown in human medicine that correlations between program success and these skills 
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diminish as the student gets further into their studies and takes on residencies and 

fellowships, suggesting that these skills can be learned. This finding would make 

selecting for these skills unnecessary, making evaluation throughout the program a 

better choice. 

As this area of research continues to grow, some improvements can be made. 

Using a larger population size would be important, and this could be accomplished by 

including other veterinary schools or making this type of investigation mandatory for all 

students within one veterinary program. This would eliminate any selection biases as 

well as increase the statistical power of the results. A longitudinal study would elucidate 

if the results in this investigation were due to cohort effects, or if these trends are seen 

throughout the entire population. It would also allow researchers to see how each 

individual learns throughout the entire veterinary program, following the same cohort 

from day one to graduation.  

 In conclusion, this information is important to creating a starting point for future 

research in the development of visuospatial and dexterity skills in veterinary students. 

The development of these skills has been shown to be a predictor of success in similar 

professions such as human medicine, nursing, and dentistry. Finding a way to 

objectively evaluate these skills in the veterinary profession may be the next step to 

properly training the next generation of veterinary professionals.  
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4 Appendices  

4.1 Appendix A – REB Approval 
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4.2 Appendix B – Qualtrics Consent Form 

 

 

 

ONTARIO VETERINARY COLLEGE 

Department of Clinical Studies 

CONSENT TO PARTICIPATE IN RESEARCH 

 

Research Project Title: Determining baseline dexterity and visuospatial skills of Doctor 
of Veterinary Medicine students at the Ontario Veterinary College  

Investigators: 
1. Dr. Ameet Singh, Associate Professor, Department of Clinical Studies, Ontario 

Veterinary College, University of Guelph 
2. Dr. Alex zur Linden, Associate Professor, Department of Clinical Studies, Ontario 

Veterinary College, University of Guelph 
3. Erin Longo, MSc Candidate, Department of Clinical Studies, Ontario Veterinary 

College, University of Guelph 

Purpose of the Study: 

To determine the dexterity and visuospatial skills of Doctor of Veterinary Medicine 
students at the Ontario Veterinary College and correlate with academic standing. 

Procedures: 

If you choose to participate in this research project, we ask that you: 
1. Complete the following online pre-trial questionnaire (~5 minutes) 
2. Perform two online tests to evaluate visuospatial skills (~10 minutes for each 

test) 
3. Perform two in-person tests to evaluate innate dexterity (~5 minutes for each 

test) 

Prior to testing, we ask that you complete an online survey about past experiences 
relating to dexterity and visuospatial activities. Once completed, you will be provided 
with a link within the survey that will lead you to two visuospatial tests. These will be 
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completed online. Once finished, you will be prompted to create an in-person testing 
session for the dexterity testing. Dexterity testing will take place at an agreed upon time 
in the Endoscopic Skills Lab (Rm 2114) found within the Department of Clinical Studies 
(above Companion Animal Hospital), Ontario Veterinary College. The online 
components will take approximately 40 minutes in total, and the in-person components 
will take approximately 10 minutes in total. To schedule in person dexterity testing, 
please contact Erin Longo (MSc candidate) at dexterity.testing@uoguelph.ca. 

Once you have read this form and completed the survey, your answers to the survey 
questions and your scores on the various tests will be linked and incorporated into this 
study and correlated with your class ranking. 

Potential Risks and Discomforts: 

We do not anticipate any risks during this study. Your data will remain anonymous to 
the principal investigators. Any confidential data will be kept on the researcher’s 
encrypted computer and will be associated to individuals using an anonymous and 
randomized coding system.  

Potential Benefits to Society: 

Innate visuospatial and dexterity skills have not previously been evaluated in veterinary 
students. Furthermore, correlation to academic standing has not been correlated to 
visuospatial and dexterity skills. The data gained from this study may provide important 
information on suggestion regarding future curricular amendments and even admission 
requirements pertaining to the teaching and learning of visuospatial and dexterity skills 
as these are critical for success as a practicing DVM. 

Incentive for Participation: 

There is a chance to win one of two $50 Visa gift cards for each phase of DVM student. 
Participants will be able to enter one ballot after completing the online portion of the 
study, and a second ballot will be automatically entered for each participant after 
completing the in-person testing portion of the study.  

There will also be a potential reward of $500 to the one phase of DVM students with the 
most participation. This money will go towards the class account.  

Confidentiality: 

Data collected from participants will be coded in order to link responses to the 
questionnaire to the data collected from completion of the trials. Furthermore, the 
results from this study will be presented in an aggregate format that will not identify the 
individual participants. 
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Participation and Withdrawal: 

You may choose whether or not to participate in this study with no repercussions. You 
may choose to withdraw from the study at any point in time. Any data collected that you 
wish to not have included in the study will be discarded. You may refuse to answer any 
questions you don’t want to answer and still remain in the study. Any ballots that have 
been entered throughout the study will remain part of the draw even if you withdraw.  

Rights of Research Participants: 

You may withdraw your consent to participate in the study at any time and thereby 
discontinue participation without any penalty. You do not waive any legal rights by 
agreeing to participate in this study. This project has been reviewed by the Research 
Ethics Board for compliance with federal guidelines for research involving human 
participants. Any questions regarding your rights as a research participant may be 
directed to: Research Ethics Board, University of Guelph; 519-824-4120, ext. 58024; 
reb@uoguelph.ca. If you are interested in receiving a summary of results from this study 
please email dexterity.testing@uoguelph.ca. For this summary of results please contact 
us before December 31, 2018. If you would like to withdraw your results from the study 
please contact us before December 31, 2018. 

Questions: 

Any questions regarding this research project, this consent form, or the following 
questionnaire may be directed to Dr. Ameet Singh via email at amsingh@uoguelph.ca. 

Research Participant: 

I have read the information provided above regarding the study, “Determining baseline 
dexterity and visuospatial skills of Doctor of Veterinary Medicine students at the Ontario 
Veterinary College.” My questions have been answered to my satisfaction, and by 
completing the following questionnaire and submitting my results I consent to participate 
in the study. 

A copy of the consent form will be made available to you at your request.  

If you have read the above information and agree to participate in this study, please 
select the “next” button below to proceed with the survey. 

By pressing the next button (>>) you are agreeing to the above consent form (*Note 
there will be a next button included in the electronic Qualtrics survey) 
  

mailto:reb@uoguelph.ca
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4.3 Appendix C – Qualtrics Questionnaire 

 

Please Complete the Following Survey            

Age: _________ 

Sex:  Male, Female, Other 

Year of Study:  1,2,3,4 

Dominant hand (hand used to write with): Right, Left, Ambidextrous 

Current or Future Stream Choice: 

 Large Animal, Small Animal, Mixed Animal, Exotics 

Specialty Interest: Do any of the following specialties interest you? 

 Surgery, Radiology, Internal Medicine, Other 

Do you need glasses/contacts to aid vision?   

 Yes, No 

Do you play a musical instrument?   

Yes, No 

If yes, what level do you consider yourself: Novice, Intermediate, Expert 

Do you play sports?    

Yes, No      

If yes, on average, how many hours per week?  

0-5 hrs/week, 6-10 hrs/week, 10-15 hrs/week, 15+ hrs/week 

What is your level of confidence using chopsticks?  

Low, Medium, High 

Do you play video games?  

Yes, No 
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If yes, on average, how many hours per week do you play video games? 

0-5 hrs/week, 6-10 hrs/week, 10-15 hrs/week, 15+ hrs/week 

At what level of playing video games do you consider yourself? 

Novice, Intermediate, Expert 

Typing Skills:   

Novice, Intermediate, Expert    

Do you sew, knit, crochet, cross-stitch, or similar? 

Yes, No 

 If yes: Novice, Intermediate, Expert 

 On average, how many hours per week do you knit, crochet, cross-stitch, 
or similar? 

 0-5 hrs/week, 6-10 hrs/week, 10-15 hrs/week, 15+ hrs/week 

Have you ever had any driving infractions? 

If yes: Yes, No 

Approximately how many?  

0-5, 5-10, 11-15, 15+  

Have you had a previous career or training that required dexterity/visuospatial 
skills (i.e. Registered Vet Tech, Nurse, Engineer)? 

Yes, No 

If yes, please specify what job or training:      

Number of years doing previous career: 0-2yrs 2-4yrs 5-7yrs 7+yrs  

Have you sustained a neuromuscular injury in the past involving your hand or 
arm?  

Yes, No 

If yes please specify the injury, including right or left, and how long ago it 
occurred: 
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____________________________________________________________________ 

Number of Open Surgeries Performed?  

Live animals: 0, 1-5, 6-10 10+ 

Cadavers: 0, 1-5, 6-10 10+    
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Next Steps and Information: 

Thank you for taking the time to participate in our study and completing the online 
questionnaire and tests. Your name will be automatically entered into a draw for one of 
two $50 gift cards. You have also helped your class get closer to the class participation 
reward of $500.  

 

If you have any questions or concerns please contact Ameet Singh at 
amsingh@uoguelph.ca or email dexterity.testing@uoguelph.ca. We would be happy to 
hear from you. 

 

For the next set of testing, please contact dexterity.testing@uoguelph.ca to set up your 
in-person testing session. This is the last stage of the study. The in-person testing 
session will be held in the Department of Clinical Studies (above the Companion Animal 
Clinic), in the Endoscopic Skills Lab, Room 2114. If we do not hear from you within a 
week after completing this survey, we will send you a reminder email to set up this 
session. 

Thank you again and hope to hear from you soon! 

  

mailto:amsingh@uoguelph.ca
mailto:dexterity.testing@uoguelph.ca
mailto:dexterity.testing@uoguelph.ca
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4.4 Appendix D – Mental Cutting Test 
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4.5 Appendix E – Purdue Visualization of Rotations Test 
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4.6 Appendix F – Grooved Pegboard Instructions 

 
Adapted from Lafayette Instrument Company (2014-2015) Grooved Pegboard User’s 

Manual, Model 32025, MAN192.  

 

Examiner: Graduate student investigator – Erin Longo 

 

1. The apparatus is placed with the peg tray oriented above the pegboard. The 

person is instructed to insert the pegs, matching the groove of the peg with the 

groove of the hole, filling the rows in the assigned direction as quickly as 

possible, without skipping any slots. Using the right hand, the participant is asked 

to work from left to right, and with the left hand, from right to left. The dominant 

hand is tested first. The participant is warned that only one peg should be picked 

up at a time and that only one hand is to be used. If a peg is dropped, the 

examiner does not retrieve it; rather, one of the correctly placed pegs (usually the 

first or second peg) is taken out and used again. If there are extra pegs in the 

peg tray, the participant can continue without interruption.  

2. The examiner demonstrates one row before allowing the participant to begin. A 

practice trial is not given, and a trial will be discontinued if a 5-minute time limit 

has been reached.  
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4.7 Appendix G – Coin Rotation Task Instructions 

Materials: Standard Canadian quarter, Stopwatch 

Examiner: Graduate student investigator – Erin Longo 

Methods: 

1. The examiner demonstrates how the task is performed before the timed sessions 

begin.  

2. The participant will start with the dominant hand and put the quarter between the 

first three fingers. 

3. The participant will rotate the quarter using those three fingers as fast as they 

can.  

4. The amount of time it takes to make 20 rotations will be recorded. If the quarter is 

dropped the time will not stop. The number of drops made will be recorded. 

5. The timing starts when the examiner cues the participant to start and ends when 

the last rotation is completed. 

6. This will be performed three times for each hand, and the average time will be 

taken.  

 


