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OBJECTIVE: The primary objective is to assess psycho-

motor aptitude of medical students interested in pursu-

ing a procedural career. Secondary objectives include

exploring the relationship between actual and perceived
aptitude, and identifying predictors of superior aptitude.

DESIGN: This is a cross-sectional, multisite study in

which participants completed a paper survey, four

visuospatial aptitude assessments, and a laparoscopic
simulation modeled after the Fundamentals of Laparo-

scopic Surgery (FLS) peg transfer test (used as a proxy

for psychomotor aptitude).

SETTING: Johns Hopkins University School of Medicine

and Mayo Clinic School of Medicine.

PARTICIPANTS: All second-year medical students who

had not yet initiated clinical rotations were eligible.
Sixty-four students participated.

RESULTS: Students interested in a procedural career exhib-

ited superior psychomotor aptitude (faster FLS task comple-
tion time), and a majority of these students correctly

identified themselves as having above-average aptitude com-

pared with peers. However, over one quarter of all students,

regardless of career interest, incorrectly over- or under-rated

their psychomotor aptitude. Upon completing their preclini-

cal curriculum, a minority of students felt prepared to partic-

ipate or assist in their surgical clinical rotations.

CONCLUSIONS: Prior to embarking on their clinical

rotations, over one quarter of medical students lack

awareness of their psychomotor aptitude and many do

not feel prepared to participate in the next phase of
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their training. Early aptitude testing and introduction to

laparoscopic training may assist in career selection, pre-

paredness, and success. ( J Surg Ed 76:1526�1533. �
2019 Association of Program Directors in Surgery. Pub-
lished by Elsevier Inc. All rights reserved.)
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INTRODUCTION

Current challenges in surgical education include limi-

tations on time for training due to resident work-hour

restrictions and nonclinical demands, as well as the

increasing diversity and complexity of surgical proce-

dures. As a result, trainees are expected to achieve

proficiency in procedures with fewer opportunities
for repetition and efficiency in skill acquisition

becomes essential. In an effort to adapt to these con-

straints, there has been an increasing interest in

assessment of medical students’ technical aptitude

prior to residency application.

Proxies for technical aptitude, such as visuospatial (VSP)

tests, perceptual and psychomotor skill assessments, have

been shown—to varying degrees—to correlate with surgi-
cal simulator and operating room performance.1-6 Certain

studies suggest that novice surgeons with superior perfor-

mance on VSP aptitude tests perform better on laparo-

scopic simulators in areas such as economy of movement

and completion time.3,7 VSP and psychomotor aptitude has

also been shown to impact proficiency learning curves,
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with high aptitude learners rapidly achieving proficiency in

a simulated procedure, while others may make little or no

progress.3 However, other studies have demonstrated a cor-

relation between VSP scores and robotic skills, but no asso-
ciation with traditional laparoscopic skills.21

In theory, it would be ideal for all surgical residency

applicants to have high technical aptitude—among

other nontechnical skills essential for the professional

development of an effective surgeon. However, there is

conflicting evidence regarding students’ capability to

self-identify and select into a procedural field based on

upon their inherent abilities; some students may per-
form lower on technical simulations than applicants

applying to nonprocedural fields.8,9

In response to these concerns, some residency pro-

grams have included a form of aptitude testing into their

residency selection process;10 however, this takes place

after a student has selected a surgical field for their career.

Little is known about when and whether to identify those

future trainees with lower psychomotor aptitude, how
best to provide them with early exposure and training

opportunities, and what impact this self-knowledge might

have on their career aspirations.

This pilot study seeks to explore the relationships

between medical students’ career interests and their

actual versus perceived psychomotor aptitude. The

primary aim of this study was to assess the psychomo-

tor aptitude of students interested in entering a proce-
dural career compared to their peers. Our hypothesis

is that there is a positive correlation between interest

in a procedural field and psychomotor skills. Second-

ary aims were to determine the correlation between a

student’s perceived aptitude and their actual perfor-

mance on laparoscopic simulation, and to identify

predictors of superior performance.
MATERIALS ANDMETHODS

This cross-sectional study was offered to all second-year

medical students at Johns Hopkins University School of

Medicine and Mayo Clinic School of Medicine from July

2015 to July 2017. Recruitment consisted of a verbal

announcement followed by an email invitation, and all
participants provided written informed consent. Each

participant completed (1) a written survey, (2) VSP assess-

ment (VSP), and (3) psychomotor assessment in a single

session lasting <1 hour. A research coordinator adminis-

tered testing sessions in a standardized fashion. Partici-

pants were compensated with a $10 coffee gift card.

The survey included demographic information and a

self-assessment of VSP skills and dexterity, presented as a
continuous scale ranging from “exceptionally poor” to

“exceptionally good.” It also asked students to quantify
Journal of Surgical Education � Volume 76/Number 6 � November/Dec
their experience with the following activities: surgical

suturing and simulation, video gaming, knitting, and wood-

working, as well as their satisfaction with their hands-on/

procedural skills training during medical school. Partici-
pants were asked to report their interest in a procedural

career. Procedural fields included OB/GYN, all surgical

subspecialties, interventional and intensivist fields.

VSP aptitude assessments included 4 cognitive tests to

assess 2D-3D visual spatial ability: S-1 Card Rotations Test,

S-2 Cube Comparisons Test, SS-3 Map Planning Test, and

VZ-3 Surface Development Test, all licensed from Educa-

tional Testing Service’s Kit of Factor-Referenced Cognitive
Tests.11 These tests were developed by a 4-year research

program sponsored by the Office of Naval Research, aimed

at identifying individuals’ aptitude in 23 domains, including

VSP skills. The S-1 Card Rotations Test assesses image rota-

tion and the ability to see differences in figures. The stu-

dent is given an image, with 8 subsequent similar

images.11 They must select if the image is the same as the

index image and merely rotated, or different. Similarly, in
the S-2 Cube Comparisons Test, the student must compare

2 blocks side by side, with a unique symbol on each of the

6 faces of the block and determine if they are same (and

rotated) or different.11 The SS-3 Map Planning Test tests

the ability to find the shortest route between 2 spaces as

quickly as possible.11 Finally, the VZ-3 Surface Develop-

ment Test requires the learner to try to imagine how a

piece of paper can be folded to form an object.11 The VSP
tests used in this study were selected because they are

designed to assess an individual’s ability to comprehend,

differentiate, and make decisions regarding 2-dimensional

images that depict 3-dimensional structures—skills that are

important in laparoscopic procedures.

Each of the individual test components have been

studied for validity evidence in the predictive assess-

ment of psychomotor skills and the subsequent per-
formance of a surgical task. For example, a negative

correlation has been demonstrated between perfor-

mance on the Cube Comparison Test and duration of

training to reach simulator benchmarks in an endo-

scopic task in fourth-year medical students.12 Simi-

larly, performance on the Map Planning Test has

been shown to positively correlate with final perfor-

mance on a simulated endovascular task among third-
and fourth-year medical students.1 The 4 tests were

selected to measure skills relevant to laparoscopic

surgery. Each paper test consisted of a short practice

test followed by the official timed tests. Psychomotor

skills assessment was performed using the peg trans-

fer task from the Fundamentals of Laparoscopic Sur-

gery (FLS).13 Participants were provided instructions

for completion of the peg transfer task using both
written and verbal instruction. No formal training

was offered. The task was completed 3 times per
ember 2019 1527
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participant, and total time (sec) and number of peg

drops were recorded. For each of the 3 trials, a 10

second penalty per peg drop was added to the final

time. Final scores were then calculated by taking the
average of each participant’s 3 trials (FLS time). Par-

ticipants were allowed a maximum of 300 seconds to

complete the task at which point testing would end.

Statistical Analysis

Participant characteristics are summarized with

counts and percentages for categorical variables, and
either mean § standard deviation or median (inter-

quartile range) for continuous variables. Outcomes of

interest included stated interest in pursuing a proce-

dural career, self-rated VSP and psychomotor skills,

FLS time, and VSP score. Characteristics of those

with a procedural interest were compared to those

with no interest using t tests and Wilcoxon rank sum

tests as appropriate for continuous variables, ordinal
variables were compared using Mantel-Haensel chi-

square tests, and nominal discrete characteristics

were compared using chi-square tests. The associa-

tion between FLS time and VSP score was evaluated

using Spearman’s correlation and regression meth-

ods. Similarly, regression methods were used to eval-

uate the association between FLS time and other

participant characteristics. All statistical tests were 2-
sided and p values less than 0.05 were considered sta-

tistically significant. All analyses were conducted

using SAS version 9.4 and R version 3.1.1. This study

was IRB approved by the IRB of Johns Hopkins Uni-

versity, and deemed exempt by the Mayo Clinic IRB.
RESULTS

Of approximately 210 eligible second-year medical

students invited to participate, a total of 64 partici-

pated in this study. The average age was 25.6 §
2.4 years (range: 22-33 years) and 53.1% of partici-

pants were female. Procedural interest was endorsed

by 33 (51.6%) of participants. There was no signifi-

cant difference in age, gender, or prior experience

with surgical suturing or simulation, video games,
knitting, or woodworking between participants with

a reported interest in a procedural career and partici-

pants unsure or not interested (Table 1). Higher self-

rated VSP aptitude and agreement with the statement

“I am good with my hands” were associated with self-

reported interest in a procedural career (p = 0.044

and p = 0.010, respectively). Upon completion of

their second and final preclinical year, a minority of
students felt satisfied with their hands-on training

(21.9%) or felt prepared to participate in their surgical
1528 Journal of Surgi
clerkships (14.1%). These numbers did not differ sig-

nificantly by career interest (Table 1)

Predictors of Psychomotor Aptitude

Mean adjusted completion time for the FLS peg transfer

task was 129 seconds. Faster completion time for the

FLS peg transfer task (FLS time) was associated with

higher self-reported experience with suturing, surgical

simulation, and woodworking. FLS time was not associ-

ated with gender or experience with video games

(Table 2).
Students’ stated career interest (procedural vs. nonpro-

cedural) was associated with FLS time (Fig. 1, Table 3).

Mean FLS time was significantly faster among students

interested in pursuing a procedural career than among stu-

dents who were unsure or uninterested (118.0 (§38.1)

seconds vs. 141.0 (§47.7) seconds, respectively,

p = 0.048). Furthermore, the interquartile range for stu-

dents interested in a procedural career was tighter than for
the unsure or uninterested group (92.3-119.0 seconds

vs.103.3-150.0 seconds, respectively) (Table 3).

Performance on VSP tests did not correlate with FLS

time and had a Spearman correlation coefficient of

¡0.0363 (Fig. 2). Regardless of procedural interest, stu-

dents with higher VSP scores were not significantly

more likely to have faster FLS times.

Self-rated and Actual Psychomotor Aptitude

Higher self-rated dexterity was associated with faster FLS

peg transfer time (p < 0.001) (Table 2). Students’ self-rated

dexterity was compared to their performance on the FLS

peg transfer test; students were considered to have cor-
rectly self-rated themselves if these 2 measures were con-

comitant. For example, a student who self-rated their

dexterity as “below average” subsequently performed

slower than average for this cohort on the FLS task. Overall,

the majority of students (71.9%) correctly self-identified;

however, 28.1% of students incorrectly self-rated them-

selves as having superior or inferior dexterity (Table 3). Spe-

cifically within the group of students interested in a
procedural career, over one quarter of students incorrectly

self-rated their dexterity as either above or below average,

with 15.2% (n=5) over-estimating this parameter and

12.1% (n= 4) underestimating.
DISCUSSION

Psychomotor aptitude testing has become an increas-

ingly popular tool for assessing and selecting medical

students and surgical trainees.14 While this may encour-

age the selection of trainees of high aptitude into respec-
tive surgical programs, it does little for the trainee who

demonstrates lower aptitude on the interview day, or
cal Education � Volume 76/Number 6 � November/December 2019



TABLE 1. Participant Demographics

Procedural Interest

No Yes Total p Value
(N=31) (N=33) (N=64)

Age 0.21
Mean (SD) 26.0 (2.4) 25.2 (2.2) 25.6 (2.3)
Median (IQR) 25 (24, 28) 25 (24, 26) 25 (24, 26)

Gender 0.077
Male 11 (35.5%) 19 (57.6%) 30 (46.9%)
Female 20 (64.5%) 14 (42.4%) 34 (53.1%)

Self-rated dexterity (mm)y 0.27
Mean (SD) 61.1 (13.8) 65.2 (15.8) 63.2 (14.9)
Median (IQR) 63 (50, 74) 73 (53, 75) 68 (50, 75)

Self-rated VSP (mm)y 0.044*
Mean (SD) 59.3 (18.1) 68.5 (17.9) 64.0 (18.5)
Median (IQR) 56 (50, 75) 75 (50, 76) 68 (50, 75)

Good with hands 0.010**
Likely not 1 (3.2%) 0 (0.0%) 1 (1.6%)
Not sure 11 (35.5%) 4 (12.1%) 15 (23.4%)
Possibly yes 18 (58.1%) 21 (63.6%) 39 (60.9%)
Definitely yes 1 (3.2%) 8 (24.2%) 9 (14.1%)

Surgical suturing 0.059
Never 4 (12.9%) 1 (3.0%) 5 (7.8%)
Minimal 11 (35.5%) 6 (18.2%) 17 (26.6%)
Moderate 15 (48.4%) 20 (60.6%) 35 (54.7%)
Extensive 1 (3.2%) 6 (18.2%) 7 (10.9%)

Surgical simulation 0.23
Never 8 (25.8%) 3 (9.1%) 11 (17.2%)
Minimal 15 (48.4%) 18 (54.5%) 33 (51.6%)
Moderate 8 (25.8%) 11 (33.3%) 19 (29.7%)
Extensive 0 (0.0%) 1 (3.0%) 1 (1.6%)

Video games/play station 0.85
Never 4 (12.9%) 4 (12.1%) 8 (12.5%)
Minimal 5 (16.1%) 8 (24.2%) 13 (20.3%)
Moderate 11 (35.5%) 9 (27.3%) 20 (31.3%)
Extensive 11 (35.5%) 12 (36.4%) 23 (35.9%)

Knitting/crochet 0.39
Never 10 (32.3%) 17 (51.5%) 27 (42.2%)
Minimal 7 (22.6%) 7 (21.2%) 14 (21.9%)
Moderate 8 (25.8%) 6 (18.2%) 14 (21.9%)
Extensive 6 (19.4%) 3 (9.1%) 9 (14.1%)

Carpentry/wood work 0.10
Never 19 (61.3%) 11 (33.3%) 30 (46.9%)
Minimal 9 (29.0%) 12 (36.4%) 21 (32.8%)
Moderate 2 (6.5%) 7 (21.2%) 9 (14.1%)
Extensive 1 (3.2%) 3 (9.1%) 4 (6.3%)

Satisfied with hands on training 0.41
Dissatisfied/neutral 10 (32.3%) 15 (45.5%) 25 (39.1%)
Satisfied/very satisfied 21 (67.7%) 18 (54.5%) 39 (60.9%)

Satisfied with procedural training 0.66
Dissatisfied/neutral 23 (74.2%) 27 (81.8%) 50 (78.1%)
Satisfied/very satisfied 8 (25.8%) 6 (19.2%) 14 (21.9%)

Prepared to participate 0.41
Disagree/neutral 25 (80.6%) 30 (90.9%) 55 (85.9%)
Agree/strongly agree 6 (19.4%) 3 (9.1%) 9 (14.1%)

Prepared to assist 0.83
Disagree/neutral 24 (77.4%) 23 (71.9%) 47 (74.6%)
Agree/strongly agree 7 (22.6%) 9 (28.1%) 16 (25.4%)

*p < 0.05.
**p < 0.01.
†Question presented as a continuous scale ranging from “exceptionally poor” to “exceptionally good.”
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TABLE 2. Predictors of Psychomotor Aptitude (as Measured by FLS)

Mean Time (sec) p Value

Gender Male/female 127.3 vs. 130.8 0.75
Self-rating Dexterity** ¡1.26y

<0.001
Visuospatial** ¡1.05y

<0.001
Experience Suturing** 118.5 vs. 149.6z 0.006

Surgical simulation** 121.8 vs. 132.5z
<0.001

Video games 128.6 vs. 130.4z 0.88
Knitting/crochet 131.9 vs. 127.6z 0.71
Carpentry/woodwork 121.4 vs. 131.1z 0.48

Satisfaction with Hands-on training 129.2 vs. 129.1x 1.00
Procedural training 116.5 vs. 132.7x 0.23

Perceived preparedness To participate 120.5 vs. 130.6x 0.53
To assist 113.3 vs. 134.9x 0.094

**p < 0.01.
†per 1 mm increase.
‡Moderate/extensive vs none/minimal.
§Agree/strongly agree vs neutral/disagree/strongly disagree.

FIGURE 1. Performance on FLS peg transfer task, by interest in procedural
career. The dashed horizontal line represents the overall mean FLS time of
129 seconds.
the one with self-perceived low aptitude but high train-

ability from applying to a procedural field altogether.

Assessing medical student aptitude earlier could be an
TABLE 3. Students Whose Self-rated Measure of Dexterity (above avera
the FLS Peg Transfer Task (faster vs. slower than average time of 129 seco

%Correctly Self-rated
Interested

Faster than average 16/24 (66.7%)
Slower than average 5/9 (55.6%)
Total 21/33 (63.6%)

1530 Journal of Surgi
important step in preparing learners for career selection

and in identifying those who will and will not likely have

subsequent efficient and successful acquisition of skill

during residency.
In our study, students with a stated procedural interest

demonstrated better psychomotor performance than those

without an interest. This could be potentially explained if

students with an interest in procedural fields possess a

higher level of self-confidence than peers less interested in

procedural fields, which could subsequently influence per-

formance. Lower procedural confidence could also lead to

nonparticipation in this study altogether. However, even
among interested students, one-quarter performed below

the mean (Fig. 2). Additionally, between one quarter and

one third of students interested in a procedural career

were unable to correctly self-rate their psychomotor apti-

tude compared to their peers (Table 3). This suggests that

some students may have limited self-awareness regarding

psychomotor aptitude. Students may be making career

decisions with incomplete or inaccurate information, or
without considering aptitude alongside other factors. The

authors suggest that the current medical education para-

digm should aim to help students understand and develop

their technical skills in a validated, transparent manner ear-

lier in their medical education.15
ge vs. below average of 63.2 mm) Matched Their Performance on
nds)

Unsure or Not Interested Total

13/18 (72.2%) 29/42 (69.0%)
11/13 (84.6%) 16/22 (72.7%)
24/31 (77.4%) 45/64 (70.3%)

cal Education � Volume 76/Number 6 � November/December 2019



FIGURE 2. Relationship between completion time for FLS peg transfer
task and performance on visuospatial perception tests, by stated interest in
procedural field (+ Interested in procedural field; ▯ Not interested in proce-
dural field).
Existing literature suggests that medical student per-

formance on psychomotor tests, such as the FLS peg

transfer task, is a strong predictor of initial performance
on virtual reality simulators, a primary training modality

for laparoscopic surgery.16,17 Studies support the utility

of such testing by identifying learning curves between

low and high aptitude trainees.3 One study identified a

very troubling group—those that fail to improve despite

repeat attempts at simulation, those which struggle to

improve.14 Buckley et al. adeptly highlight the potential

risk and disappointment of the young trainee that strug-
gles during training and may ultimately have limited

career prospects, and they emphasize our responsibility

as educators to those trainees.3 In contrast, there may be

individuals of lower initial performance or “aptitude” yet

who are highly trainable, who with early exposure to

simulation training during medical school could improve

performance prior to clinical rotations, career selection

and residency applications. While aptitude testing can
inform resource allocation for low performing trainees

already in residency programs, we argue that early expo-

sure to training models and aptitude tests could provide

learners with insight into their performance and learning

curves before selecting their career path.

Our findings support much of what is often assumed

regarding the relationship between career interest, psycho-

motor aptitude, and self-assessment, as well as highlight a
potential educational gap and opportunity for early inter-

vention. The minority of students in our study expressed

satisfaction with their hands-on training in the preclinical
Journal of Surgical Education � Volume 76/Number 6 � November/Dec
years or their preparedness to participate in surgical clerk-

ships. More could be done to prepare students for clerk-

ships and create a forum for self-assessment and training to

best position them for their future and for choosing a
career. Future research into methods of skills instruction

and assessment, including the timing of such assessments

and implications of the outcomes is needed.

Strengths of this study include its large sample size rela-

tive to similar studies in the existing literature, inclusion of

students interested in procedural and nonprocedural fields,

and enrollment of participants from 2 medical schools.

There were some limitations. Although no students received
prior formalized surgical skills training, our cohorts per-

formed very well at peg transfer. The mean time to com-

plete peg transfer in our cohort was 119 § 37.7 seconds,

which is faster than some reports of first-year surgical resi-

dents (194 § 66 seconds), and comparable to other mean

resident times following a year of structured practice (101

§ 58 seconds).18,19 Students may have performed below

their peers, but above average in national benchmarks. Rea-
sons for this performance include probable past informal

simulator practice, and may impact generalizability. Another

potential weakness was our use of peg transfer alone for

psychomotor testing, a task that may assess a limited domain

of psychometric skill. Furthermore, psychomotor aptitude

was evaluated during a single encounter. This introduces

the possibility of high or low performance due to chance

and not actual skill. FLS peg transfer was selected given its
simplicity, ease of administration and grading, and sup-

ported literature on outcomes, thus supporting potential fea-

sibility for use as a future tool across larger cohorts. It may

be best utilized as a part of a panel of tests rather than a sole

measure of psychometric skill. We should also recognize

that skill was assessed in a simulated environment, not in

the operating room setting.

Although the Kit of Factor-Referenced Cognitive Tests is
widely used to assess VSP aptitude, we did not find a corre-

lation between superior performance on the VSP test and

faster FLS completion time. VSP testing should be further

studied prior to incorporating as a sole metric in screening

for residency applicants. Alternatively, in an era where lap-

aroscopic simulation is widely available, use of a laparo-

scopic simulation test itself may negate the need for other

tests designed to assess a potential surgeon’s VSP aptitude.
Finally, this cohort of students reported interest as second-

year medical students, and may not reflect the ultimate

cohort of students that apply to procedural fields, with the

possibility of crossover.
CONCLUSION

Some medical students interested in pursuing procedural

fields lack awareness of their technical aptitude. Traditional
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metrics of VSP aptitude may have limited application in

assessment of laparoscopic aptitude; however, laparoscopic

simulation itself may be a useful tool to identify and aid

students with an interest in a procedural field but who may
have psychomotor aptitude below their peers. These

individuals may benefit from targeted, early interventions,

and more research should be dedicated to exploring the

utility of psychomotor testing to help guide career decisions

and improve performance among candidates interested in

procedural fields.
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