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Abstract. A virtual reality (VR) manual skills experiment was conducted 
comparing Human performance measures to experiences indicated on a 
questionnaire handed out. How much do past experiences influence human 
performance on a VR surgical skills simulator? Performance measures 
included; time, accuracy, efficiency of motion and errors. Past experiences are 
among video games and computer proficiency. Results showed little or no 
relations between experience level and performance. Significant results could 
only be established for computer gaming experience versus task completion 
time, F(1, 22) = 3.3, p = .083. Participants familiar with computer gaming were 
able to carry out tasks faster than their counterparts. 
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1   Introduction 

Minimally invasive surgery has been shown to have advantages over conventional 
open methods with decreased postoperative morbidity and more rapid healing. 
Laparoscopic procedures now represent the ‘gold standard’ for various abdominal 
surgical procedures [1], and endoscopic procedures are commonplace in other 
surgical specialties.  Both utilize endoscopes and instruments to access a cavity, but 
the term laparoscopic is used for abdominal or pelvic endoscopic procedures.  
Microscopic procedures also require specialized skill training and are utilized to some 
extent in most surgical specialties.  Training is necessary to ensure skills acquisition 
prior to patient contact to maintain the highest standards of patient care, and to 
maintain skills for infrequently performed procedures.  With the steady validation and 
assimilation of simulation training into medical education, there is also the ethical 
imperative to utilize such training whenever possible before laying hands on the 
patient [2]. 

Beginning endoscopic surgeons are faced with two nuances to the procedure.  
Unlike open surgery, laparoscopic and endoscopic surgeons have to work in three 
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dimensions (3-D) while viewing an operation on a 2-D video monitor. This change 
decreases depth perception which can increase technical errors. Secondly, an 
instrument must be manipulated through a single entry point into the cavity, which 
creates a pivot or fulcrum point. This limits instrument maneuverability and also 
causes the surgeon to have decreased access and visibility, which can lead to an 
increase in technical errors. Due to these technical issues, training is necessary to 
reduce the incidence of potential complications during surgery. 

Currently employed training environments include inanimate box trainers as well 
as virtual reality simulators. Advantages to box trainers are the following: low cost 
which increases access and availability; the use of actual laparoscopic instruments and 
a video camera and monitor, which helps with pivot point training and transitioning 
from 3-D to 2-D on a monitor. Its weaknesses in comparison to VR trainers are the 
following: lacks automated objective scoring which increases the need for instructors; 
lacks graphics and immersive features which reduces gaming characteristics of user 
interactivity, competition, and “fun”; lacks intermediate or advanced task training. 
Detailed performance assessment on inanimate box trainers requires subjectively 
monitored human evaluation. This process is not only costly but also error-prone [3]. 
VR simulators collect data automatically and therefore more data can be accurately 
recorded [1;4;5].  

In a first step to validate a virtual reality surgical skill trainer created, a usability 
study has been conducted to assess satisfaction levels with the skills trainer. During 
the study, experiences of participants using the system were collected in order to 
compare the data to performance measures. Experiences were among video games 
and computer proficiency. Performance measures included time, accuracy, efficiency 
of motion and errors. 

2   Related Work 

The impact of hand dominance, gender, and experience with computer games on the 
performance in virtual reality laparoscopy shows computer gaming experience as well 
as right hand dominance to have an impact on laparoscopic performance [6-8]. Prior 
experience with billiards has also been shown to improve performance in VR 
simulators [8]. In another study, right-handed subjects were found to perform better 
with either hand in terms of error rate and first time accuracy [9].  

In non-VR based studies, improvement was shown after generalized and task 
specific laparoscopic skills training, with no difference observed between left and 
right-handed surgeons [10;11]. 

Based on results from those studies, participants for the surgical skills exercise are 
expected to exhibit increased performance if they had prior computer gaming 
experience compared to those with none or little.  

3   VR Skills Study 

A virtual reality manual skills experiment was conducted comparing Human 
performance measures to experiences indicated on a questionnaire handed out. 
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3.1   Participants 

The VR skills study took place November 13-15, 2006 in the lobby of the Medical 
Education Building, John A. Burns School of Medicine, University of Hawaii. 
Faculty, staff, students and visitors were randomly asked to volunteer and participate 
in a surgical skills study evaluating a manual surgical skills simulator. Twenty-four 
subjects were recruited during the three day session. Participants were among various 
age groups and professions.  

3.2   Materials 

The study consisted of a consent form, a surgical skills trainer and a questionnaire to 
assess experiences and satisfaction levels. 

The VRMSS [12;13] is a surgical skills training environment created by the 
Telehealth Research Institute in collaboration with Stanford University using 
SPRING, a real-time soft-tissue simulation platform for building and running surgical 
simulators to be used in medical education of surgeons [14]. VRMSS allows for 
Haptics interaction with a 3D training environment for surgical skills acquisition. 
Two Phantom Omnis are used to keep costs low. Task configurations include 
dominant, non-dominant hand as well as bimanual training. Environment layouts are 
comprised of normal, microscopic and endoscopic views. A foot pedal supports 
zooming. See Figure 1 for details. 

 

  

Fig. 1. Virtual Reality Motor-Skills Simulator Scenarios. Left: Transfer skills training with 
hinged cup in basic environment. Right: Transfer skills training with blood suction in 
microscopic environment using a foot pedal for zooming. 

The questionnaire handed out was based on the Questionnaire for User Interaction 
Satisfaction (QUIS), a tool developed by a multi-disciplinary team of researchers in 
the Human-Computer Interaction Lab (HCIL) at the University of Maryland at 
College Park [15]. QUIS is designed to assess a users' subjective satisfaction with 
specific aspects of a human-computer interface. QUIS7 was extended to address the 
utilized virtual reality interface. Questions asked were among (1) past experiences, (2) 
overall user reactions, (3) screen, (4) learning, (5) multimedia and (6) virtual 
environment. 
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3.3   Procedure 

At the beginning, each participant received a consent form and information about the 
study conducted. Participants were then asked to sit down at the VRMSS to execute 
the surgical skills exercises. 

The VRMSS experiment consisted of two parts; participants were first introduced 
to the virtual reality surgical skills simulator using a tutorial-type scenario explaining 
the instruments and tasks to perform. A second scenario was designated as the actual 
experiment for performance data recording. Performance measures for both scenarios 
were among (a) time, (b) accuracy, (c) efficiency of motion and (d) errors committed. 

After the VRMSS session, subjects were given the QUIS questionnaire to assess 
their experience and satisfaction level with the surgical skills training environment. 

3.4   Results 

Averaged performance measures have been compared to past experiences indicated 
on the QUIS questionnaire. The following experiences were selected for analysis. 
Subjects would check the box to state that they had personally used and were familiar 
with a system: 

 

• Computer Games 
• Trackball 
• Joystick 
• Pen Based Computing 
• Graphics Tablet 
 

Participant’s occupation (medical vs. non-medical) was recorded as well. 
Performance measures chosen: 

 

• Task duration (time: how fast did a participant finish) 
• Failed placements in target area (accuracy) 
• Instrument-Wall Collisions for dominant & non-dominant hands (errors) 
• Instrument path length for dominant & non-dominant hands (efficiency) 
 

Data analysis showed little or no correlations between past experiences and 
performance measures. One-Way ANOVA displayed significance at the .1 level for 
“Computer Gaming” experience and “Task Duration” only, F(1, 22) = 3.3, p = .083. 
No other relations could be established. 

3.5   Discussion 

It appears experiences with trackball, joystick, pen and graphics tablet do not transfer 
to increased performance on the VRMSS. A participant’s occupation, medical or non-
medical, does not show differences in score.  

However, results indicate significance at a marginal level for computer gaming 
experience versus task completion time. Participants familiar with computer gaming 
were able to carry out tasks faster than their counterparts.  
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4   Contributions and Future Directions 

Results have confirmed findings with previous publications describing computer 
gaming experience to be beneficial for surgical skills training [7]. Gaming experience 
transfers to increase speed in task execution on the VRMSS at a significant level, 
F(1, 22) = 3.3, p = .083. 

No connection between computer input devices (trackball, joystick, pen, graphics 
tablet) and VRMSS performance was found. Input devices listed do not appear to 
enhance surgical training outcomes. No differences were observed between 
participants with medical and non-medical occupation. 

Further studies are planned to explore and compare surgical proficiency with 
performance measures such as accuracy, efficiency and errors committed. We will 
address questions on how surgeons compare to novices during surgical skills 
assessment.  
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