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Introduction 

Laparoscopic and robotic-assisted procedures, collectively 
known as minimally invasive surgery (MIS), are rapidly gain-
ing popularity in the field of gynecology. Compared to lapa-
rotomy, they offer several advantages, including improved 
postoperative recovery, decreased postoperative pain and 
hospital stay, better visualization, better cosmetic outcome, 
and decreased blood loss (1, 2). Surgeons who adopt MIS 
must undergo a learning curve, the steepness of which varies 
among individuals. This learning curve involves mastering the 
hand-eye coordination associated with a 2-D screen, a skill 
similar those developed during video game and computer 
use. In fact, reports have demonstrated that video game play-
ing is associated with improved reaction time and spatial 
visualization (3-7). It is therefore conceivable that individuals 
who have more video game exposure may have a different 

set of baseline skills for performing MIS, which has been the 
subject of multiple reports (8, 9). 
New surgical technologies are usually introduced to practic-
ing physicians before reaching residency training programs. 
Only after initial studies demonstrate safety and effectiveness 
do educational institutions begin incorporating the technol-
ogy into residency training. For example, the first laparo-
scopic hysterectomy was described in 1989 (10); however, 
it did not become part of residency training objectives until 
the 2000s. Robotic surgery training seems to be following a 
similar trend. Although it was Food and Drug Administration 
(FDA)-approved in 2005, it is not yet part of the Accreditation 
Council for Graduate Medical Education (ACGME) training 
objectives. As a consequence of this delay, current teaching 
strategies are targeted towards practicing physicians, an older 
generation, rather than the younger generation of current 
and future gynecologic trainees. These strategies may not be 
appropriate, however, as the younger generation may possess 

Objective: Knowledge of baseline laparoscopic and robotic surgical skills of future learners is essential to develop teaching strategies that best 
fit them. The objectives of this study are to determine baseline laparoscopic and robotic skills of high school and college students and compare 
them to those of current obstetrics and gynecology residents.
Material and Methods: A cross-sectional (Class II-2) pilot study. Laparoscopic and robotic surgical skills of college and high (secondary) 
school students were evaluated using simulators and compared to those of obstetrics and gynecology residents. In addition, questionnaire data 
were collected regarding video game playing and computer use.
Results: A total of 17 students, both high school (n=9) and college (n=8), in addition to 11 residents, completed the study. Overall, students 
performed comparably to the residents in simple exercises (p>.05). However, students took significantly longer time to complete complex 
exercises (p=.001). Finally, students played video games significantly more than residents (p<.001). 
Conclusion: Future learners may have a different background skill set. This difference may be related to improved hand-eye coor-
dination, possibly due to playing video games. The results of this pilot study should spur more research into surgical teaching strategies.  
(J Turk Ger Gynecol Assoc 2014; 15: 69-73)
Key words: Simulation, education, robotic surgery, laparoscopy, video games 

Received: 06 May, 2014	 Accepted: 08 May, 2014 

Assessment of minimally invasive surgical skills of 
pre-medical students: What can we learn 

from future learners?
Mostafa A. Borahay1, Mary Jackson1, Ömer L. Tapısız1,2, Elizabeth Lyons3, Pooja R. Patel1, Ramsey Nassar4, Gökhan Sami Kılıç1

1Department of Obstetrics and Gynecology, University of Texas Medical Branch at Galveston, Texas, USA
2Department of Gynecologic Oncology, Etlik Zübeyde Hanım Women’s Health Training and Research Hospital, Ankara, Turkey

3Department of Psychology, Institute for Translational Sciences, University of Texas Medical Branch at Galveston School 
of Medicine, Texas, USA

4Taylor High School, Houston, Texas, USA

Abstract



a distinct set of background skills, given their early exposure 
to technology, that may render the current teaching strategies 
obsolete.
With the current widespread use of video games, it is reason-
able to assume that future MIS learners may have a different 
set of “background” skills, impacting the design of more effec-
tive MIS teaching strategies. In this cross-sectional study, we 
evaluated the MIS simulation performance of college and high 
school students, as a proxy for future learners, in correlation to 
their exposure to screen time, defined as personal computer or 
video game use. To the best of our knowledge, this is the first 
study that assesses MIS simulation skills in high school and col-
lege students. 

Material and Methods

The study was approved by the Institutional Review Board (IRB) 
at the University of Texas Medical Branch. This work was car-
ried out in accordance with the Declaration of Helsinki, includ-
ing, but not limited to, there being no potential harm to par-
ticipants, guarantee of anonymity of participants, and informed 
consent from participants. This cross-sectional study included 3 
groups of participants: high school students, college students, 
and obstetrics and gynecology residents. Questionnaires were 
used to obtain background information about the study sub-
jects. The survey included questions about the subjects’ edu-
cation or PGY levels, years of computer use, and video game 
playing. Game use was further detailed by determining the 
number of gaming hours each day of the week, as well as aver-
age daily and weekly use. Furthermore, the types of consoles 
used e.g. Xbox (Microsoft Corporation, Redmond, WA, USA), 
PlayStation (Sony Corporation, Minato, Tokyo, Japan), personal 
computer, or Wii (Nintendo, Kyoto, Japan) and types of games 
played (war games, car racing, sports games, strategy games, 
or other) were delineated. Subjects were also asked how many 
minutes per day they used their computers, both for personal 
use and homework. 
MIS simulation exercises were then performed, and data were 
recorded and analyzed. We used the Mimic Technologies dV-
Trainer platform (Mimic Technologies Inc, Seattle, WA, USA) for 
robotic simulation and the 3-Dmed Trainer platform (3-DMEd, 
Franklin, OH, USA) for laparoscopic simulation testing. Four 

robotic exercises mimicking EndoWrist manipulation were 
performed: “Pick and Place,” “Ring and Rail,” “Match Board-
1,” and “Peg Board-1.” For laparoscopic simulation testing, we 
used the “Loops and Wire” exercise. Time to complete each 
exercise was recorded.

Statistical Analysis
All variables were examined for unusual and missing values 
using dot plots for each variable. Medians, interquartile ranges, 
and minimum and maximum values were examined for each 
of the background variables by group (High School, College, 
or Resident). A one-way analysis of variance procedure for 
nonparametric data (Kruskal-Wallis U test) was used to assess 
whether the variation among groups was significant for each of 
the variables. Separate pairwise comparisons for each group of 
subjects were performed using a Bonferroni adjustment. Data 
were analyzed using SAS Software, v. 9.2 (SAS Institute Inc., 
Cary, NC, USA).

Results

A total of 17 students, both high school (n=9) and college 
(n=8), were enrolled in this study. In addition, a group of 
obstetrics and gynecology residents (n=11) was included for 
comparison. As expected, the age range was significantly dif-
ferent among groups (p<.001). 
Results of the laparoscopic and robotic simulation assessment 
are presented in Table 1. Pairwise comparisons with Bonferroni 
adjustment show that students took significantly longer time 
than residents to complete laparoscopic exercises (p=.027). 
However, the time needed by students to complete robotic 
simulation exercises was not statistically significant from resi-
dents (p-values ranged from .319 to .967). Only the Peg Board 
exercise showed a longer time to complete for high school 
students compared to residents (p=.006). 
Given that the students’ performance was close to that of resi-
dents in robotic simulation, we also analyzed screen time expo-
sure. Background characteristics are shown in Table 2, where 
variables are presented as medians and interquartile ranges 
and stratified by group. Kruskal-Wallis tests showed that num-
ber of years of computer use, minutes of daily personal com-
puter use, and minutes of weekly video game playing differed 
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Table 1. Age and screen time data

						                p values

	 High School (n=9)	 College (n=8)	 Resident (n=11)		  HS vs	 HS vs	 College vs
	 median (IQ range)	 median (IQ range)	 median (IQ range)	 Kruskal-Wallis	 College‡	 Resident‡	 Resident‡

Age (years)	 16 (16-16)	 19.5 (18.5-20)	 29 (28-32)	 <.001*	 .001*	 .001*	 .001*

PC use (years of use)	 10 (10-11)	 15 (11-17.5)	 15 (15-20)	 .011*	 .022	 .002*	 .429

PC use-work (min/day)	 60 (45-120)	 120 (75-150)	 180 (90-240)	 .148	 .187	 .071	 .426

PC use-personal (min/day)	 60 (60-90)	 135 (82.5-240)	 45 (30-60)	 .003	 .020	 .075	 .002

Video games (min/week)	 675 (420-960)	 1260 (1250-1650)	 180 (30-200)	 <.001*	 .011*	 .001*	 .001*

IQ: interquartile range; PC: personal computer; HS: high school; n: number of subjects; min: minutes; vs: versus
*Statistically significant
‡For pairwise comparisons, p-value is significant if less than .017.



among groups (p-values .0105, .0026, and <.001, respectively). 
Subsequently, we analyzed study groups according to types of 
consoles used and video games played (Table 2, 3). Our results 
show that high school and college students played the Xbox 
game console more than residents. The most common games 
played by high school students were war games, followed by 
sports and then strategy games, while college students mostly 
played other game types, followed by war and then strategy. 
High school students played statistically significantly more war 
games than residents. Of note, Xbox game use, other game 
console use, war games played, sports games played, and other 
types of games played were all significantly different among the 
3 groups. 

Discussion

The results of this study show that high school and college 
students’ performance in basic MIS skills is comparable to 
residents. Initially, these results may seem unexpected; how-
ever, our finding that current students have more exposure to 
video games than residents have had in the past may provide 

an explanation. These findings are important, as they may 
influence the way training programs are developed. We should 
emphasize that this is an initial pilot study that should spur 
larger-scale research in the field.
While our study is the first to assess MIS skills in nonmedical  
students, it is not the first to address the possible relationship of 
video games to MIS skills. In fact, several reports have been pub-
lished in this area in recent years. For example, Shane et al. (11) 
showed that in a group of 26 medical students and first-year 
residents, individuals with previous video game experience took 
significantly less time to reach proficiency in laparoscopic skills 
than individuals without previous video game use. In 2 separate 
studies, Rosenberg et al. (8) and Glaser et al. (12) showed that in 
groups of 11 and 26 medical students, respectively, video game 
use correlated with both hand-eye coordination and reduced 
completion time for simple laparoscopic tasks. A potential bias 
with these studies, however, is the fact that prior exposure to 
laparoscopic surgery was not assessed. As medical students 
are exposed to MIS (both robotic and laparoscopic surgery) 
during their training, a study in younger students would be 
more pertinent. High school and college students, for example, 
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Table 2. Percentage of gaming time by game console and game type† 

						             p values	

	 High School (n=9)	 College (n=8)	 Resident (n=11)		  HS vs	 HS vs	 College vs
	 median (IQ range)	 median (IQ range)	 median (IQ range)	 Kruskal-Wallis	 College‡	 Resident‡	 Resident‡

Xbox	 80 (50-85)	 45 (5-55)	 0 (0-5)	 .005*	 .144	 .005*	 .009*

PlayStation	 15 (0-50)	 5 (0-20)	 0 (0-15)	 .472	 .541	 .246	 .474

Other	 10 (0-15)	 55 (27.5-82.5)	 70 (0-100)	 .016*	 .004*	 .029	 .454

War	 50 (40-85)	 35 (10-55)	 0 (0-10)	 .012*	 .111	 .005*	 .112

Car race	 1 (0-20)	 3.5 (0-12.5)	 0 (0-50)	 .977	 .882	 .842	 .930

Sports	 20 (5-34)	 0 (0-10)	 0 (0-0)	 .001*	 .016*	 .001*	 .298

Strategy	 10 (0-10)	 25 (12.5-30)	 0 (0-85)	 .319	 .062	 .597	 .671

Other	 0 (0-0)	 135 (82.5-240)	 0 (0-10)	 .016*	 .007*	 .050	 .117

IQ: interquartile range; HS: high school; n: number of subjects; vs: versus
*Statistically significant
†Percentages reflect division of playing time among console and game types at age of highest game use for each subject.
‡For pairwise comparisons, p-value is significant if less than .017.

Table 3. Minimally invasive surgery (MIS) simulation exercises data- time to completion in seconds

						             p values	

	 High School (n=9)	 College (n=8)	 Resident (n=11)		  HS vs	 HS vs	 College vs
	 median (IQ range)	 median (IQ range)	 median (IQ range)	 Kruskal-Wallis	 College‡	 Resident‡	 Resident‡

Pick and Place	 86 (81-90)	 86 (79.5-88.5)	 78 (59-85)	 .319	 1.000	 .148	 .282

Ring and Rail 	 58 (58-64)	 62 (25.5-76)	 62 (51-70)	 .967	 .772	 1.000	 .869

Match Board-1	 35 (31-45)	 38.5 (29.5-43.5)	 45 (26-48)	 .693	 .962	 .543	 .408

Peg Board-1	 62 (57-77)	 51.5 (42-63)	 45 (39-50)	 .006*	 .034*	 .003*	 .264

Loops and Wire	 159 (90-208)	 74.5 (67.5-91)	 55 (40-75)	 .001*	 .027*	 .001*	 .035*

IQ: interquartile range; HS: high school; n: number of subjects; vs: versus
*Statistically significant
‡For pairwise comparisons, p-value is significant if less than .017



are less likely to be exposed to MIS. Clearly, a study compar-
ing MIS skills in these students to those in residents who have 
already had some training would better assess the influence of 
video games on MIS skills.
Different types of video games likely produce different effects. 
Most studies of the cognitive effects of games have used action 
or “fast-action” games, typically first-person shooters, like the 
war games played by the students in this study (13, 14). In addi-
tion to shooter/war games, other games, such as Super Monkey 
Ball, which require complex navigation through virtual worlds, 
have successfully improved performance during surgical simu-
lations (15-17). 
These findings contribute to a growing body of literature inves-
tigating the potential of video games to influence visuospatial 
skills and psychomotor performance. Visual attention skills 
were shown to be higher in video game players than nonplay-
ers in studies in both adults and children (18), with differences 
found in samples as young as 7 years old (19). The range of ben-
eficial effects in studies that have tested video game training in 
nongamers suggests that these training effects may accrue in 
as little as 10 hours (15, 16) or may require longer periods of 
habitual use (17). Whether game-based training during child-
hood or adolescence may confer additional benefits over train-
ing in adulthood is an intriguing empirical question.
As previously mentioned, this study is a preliminary investiga-
tion; thus, its results must be interpreted with caution. The 
small sample size may have lacked sufficient power to detect 
differences among groups in their skills tests. There may also 
be unmeasured variables that contributed to these findings. It 
is possible that pre-existing differences in skills between those 
who choose to play games versus nongamers may confound 
the relationship between gaming and skill. Gender also may 
have played a contributing factor in producing these results. 
The students were male, while our sample of residents was 
mostly female (8/11). Though gender differences in visuospatial 
skills have been found in many studies, rigorous randomized 
controlled trials have shown that training women with action 
video games for as little as 10 hours can nearly eliminate gen-
der differences (15). In fact, video-game-based spatial training 
may be as effective (19) or more effective (20) in women than 
men. Because action and shooter video games are typically 
marketed to and played by males, gender disparities are likely 
perpetuated by greater opportunities for skills training for young 
men (21). Balanced designs with larger samples are necessary 
to investigate how gender and gaming experience may interact 
in predicting surgical simulator performance.
As Spence and Feng (14) have pointed out, a major value of 
observational studies is in exploring fruitful new areas for sub-
sequent research. Future studies are necessary to investigate 
potential cohort effects related to habitual video game use 
during childhood, the potential of video game-based inter-
ventions to increase surgical skills prior to residency, and the 
effectiveness of different educational strategies on gamers and 
nongamers.
Do we need to adapt our teaching strategies to fit the skills 
future learners already have? Clearly, we need to further inves-
tigate trends in hand-eye coordination in younger generations, 

which may lead to more successful teaching programs that 
use and build on skills already acquired. In addition, we can 
guide video game developers to create games that intentionally 
improve hand-eye coordination skills. It is intuitive to expect 
that such skills will not only improve MIS skills but also be 
advantageous to other professions requiring similar skills (eg, 
pilots, graphic designers, etc). Finally, we believe there should 
be close collaboration with developmental psychologists in 
building more effective MIS teaching strategies. 
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