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ABSTRACT

Objective: Video games can be a valuable tool for surgery training. Individuals who interact or play video games tend to have a better visuospatial 
ability when compared to non-gamers. Numerous studies suggest that video game experience is associated with faster acquisition, greater sharpening, 
and longer retention of laparoscopic skills. Given the neurocognitive complexity of surgery skill, multimodal approaches are required to understand 
how video game playing enhances laparoscopy skill.

Material and Methods: Twenty-seven students with no laparoscopy experience and varying levels of video game experience performed standard 
laparoscopic training tasks. Their performance, subjective cognitive loading, and prefrontal cortical activity were recorded and analyzed. As a reference 
point to use in comparing the two novice groups, we also included data from 13 surgeons with varying levels of laparoscopy experience and no video 
game experience.

Results: Results indicated that video game experience was correlated with higher performance (R2= 0.22, p< 0.01) and lower cognitive load (R2= 0.21, 
p< 0.001), and the prefrontal cortical activation of students with gaming experience was relatively lower than those without gaming experience. In 
terms of these variables, gaming experience in novices tended to produce effects similar to those of laparoscopy experience in surgeons.

Conclusion: Our results suggest that along the dimensions of performance, cognitive load, and brain activity, the effects of video gaming experience 
on novice laparoscopy trainees are similar to those of real-world laparoscopy experience on surgeons. We believe that the neural underpinnings of 
surgery skill and its links with gaming experience need to be investigated further using wearable functional brain imaging.

Keywords: Mental workload, NASA-TLX, laparoscopy, surgical education

IntRODuCtIOn

Laparoscopic surgery offers substantial benefits to patients, including small 
incisions, rapid recovery, short hospital stays, and reduced post-operative pain. 
These translate into increased patient safety and significant economic benefits to 
healthcare systems. However, laparoscopic surgery is difficult and imposes 
additional demands on surgeons’ perceptual and cognitive abilities. A laparoscopic 
surgeon operates with an indirect, narrow visual access and minimal tactile 
feedback. Such conditions require new skills with different learning curves and 
new training methods beyond the traditional master-apprentice format. It is critical 
for residents to reach expertise in a safe training environment with documented 
criteria. There is increasing interest in characterising not only the observed 
performance but also the cognitive effort and physiological and brain activity 
profiles of trainees with the ultimate aim of devising better training and assessment 
methodologies (1-3). While direct observation may indicate that a trainee performs 
adequately, it may fail to predict the long-term retention of skill or actual 
performance beyond the training environment, and trainees who perform 
identically may differ in subsequent real-world performance.

Video games can be a valuable tool for surgery training. Video gamers demonstrate 
superior eye-hand coordination, faster reaction times, superior spatial visualization 
skills, high capacity for visual attention and spatial distribution. Both laparoscopic 
surgery and computer games require eye-hand coordination, visuospatial cognitive 
ability, attention and perception skills. Individuals who interact or play video games 
tend to have a better visuospatial ability when compared to non-gamers (4,5). 
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Numerous studies suggest that video game experience is 
associated with faster acquisition, greater sharpening, and 
longer retention of laparoscopic skills (6-11). Video game 
playing also appears to have value as warm-up preparatory 
exercise for surgery. These advantages accrue preferentially to 
laparoscopic or robotic rather than to traditional surgery (12). 
Yet, neither the direction of causality nor the mechanisms 
through which video game experience affects surgery skills are 
well understood (13). To our knowledge, studies to date 
investigating these links have exclusively utilized overt 
performance and behavioural measures. However, given the 
neurocognitive complexity of surgery skill, multimodal 
approaches are required.

We investigated the impact of video game playing experience 
on the performance, subjective task load, and prefrontal (PFC) 
brain activity of novice trainees and compared them with the 
corresponding variables in expert surgeons of varying levels of 
laparoscopy experience. In order to measure performance, we 
chiefly employed task completion times. For cognitive load, we 
used NASA-TLX, which has been widely used to measure 
subjective task load in surgery (14-16). It is a multidimensional 
ratings scale that provides an overall index of mental workload 
as well as the relative contributions of six subscales: mental, 
physical, and temporal task demands; and effort, frustration, 
and perceived performance. We also used a high-density, 
wireless functional near-infrared spectroscopy (fNIRS) device, 
which allowed us to discover hemoglobin concentration 
changes as a proxy for brain function. 

MAtERIAL and MEtHODS

Subjects 

Data from thirteen surgeons with varying levels of laparoscopy 
experience and no video game experience, and 27 students 
with no laparoscopy experience and varying levels of video 
game experience were used in this study. The students were 
subdivided into 12 non-gamer students (with no experience in 
video gaming) and 15 gamer students (with experience in 
video gaming). Subject demographics are listed in Table 1. 
Research Ethics Board of Medipol University approved this 
study (10840098-604.01.01-E.33230), and it was performed in 
agreement with the Declaration of Helsinki. All participants 
signed informed consent and could withdraw from the study at 
any time. Participants had normal or corrected to-normal 
vision. 

Experimental Design 

Participants performed standard laparoscopic training tasks 
including peg transfer (Task 1) and string pass (Task 2) using a 
laparoscopic trainer box. Peg transfer task involved grasping, 
lifting and relocating rings from one rod to another using both 
laparoscopy graspers and was performed on a ring stack base. 

String pass involved grasping a piece of string and passing it 
through the holes using both graspers and was performed on 
a threading base. Data were recorded including time to 
completion, error rate, and overall work quality. Following the 
completion of each task, the subjects filled out the NASA task 
load index (NASA-TLX) questionnaire. At the beginning of the 
experiment, two 2 minute-long videos demonstrating the tasks 
were shown on a computer screen to the subject. After the 
video session, the 15 min training was repeated by each 
subject for gamers and non-gamers. Further details of the 
procedure were provided in a recent study where we reported 
an analysis of the brain activity of surgeons and a subset of the 
student participants without regard to game playing experience 
(3). All participants filled out a questionnaire detailing their 
video game experience including frequency, duration and 
category. The gamers were divided into three groups based on 
their replies to the questionnaire: only shooter game group 
(that played first-person shooter and/or third person shooter 
and/or role-playing games), only strategy game group (real-
time strategy, turn based strategy and multiplayer battle arena 
games), shooter + strategy game group (both strategy and 
shooter games). 

Imaging and Data Analysis 

fNIRS data were collected using a high-density fNIRS device 
(NIRSIT, OBELAB, Korea) with 24-light sources at 780 and 850 
nm and 32 detectors, with a sample rate of 8.138 Hz. The 
channels overlap with parts of the dorsolateral and ventrolateral 
prefrontal and the upper part of the orbitofrontal and medial 
PFC. Completion times of three laparoscopic tasks were 
recorded. The participants used NASA-TLX to evaluate six 
criteria: mental, physical, and temporal task demands; and 
effort, frustration, and perceived performance. Each criterion 
was scored from 1 to 20. A total mental workload score was 
obtained from the sum of the criteria scores. In order to analyze 
the fNIRS data, source-detector pair readings (with a separation 
of 3.35 cm) at two distinct wavelengths are first converted into 
hemoglobin concentration changes via the modified Beer-
Lambert law, and the average of the task episode are calculated 
(3). In this paper, standard deviation of oxyhemoglobin 
concentration changes over an episode is denoted HbO and 
represents the extent of local cortical activation of a subject 
during the corresponding experimental episode.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 
9 for Windows, GraphPad Software. When conducting 
regression analysis comparing two numerical variables, linear fit 
with analysis of variance was used. The descriptive results 
comparing two groups, such as completion time vs. game 
experience; completion time vs. laparoscopy experience; NASA 
total vs. game experience and NASA total vs. laparoscopy 
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experience, HbO changes contained non-paired data. In order 
to assess the statistical significance of the difference between 
the two groups of non-paired results, we used the non-
parametric Kolmogorov test. We did not utilize null-hypotheses 
whose rejection would have required corrections for multiple 
comparisons or false discovery.

RESuLtS

We present the behavioral and subjective metrics as well as the 
cortical activations of novice students (non-gamer and gamer) 
and expert surgeons, measured while performing laparoscopy 
training tasks. Forty participants (27 students, 13 surgeons, 
mean age 27.1 ± 4.8 years) were enrolled in the study. The par-
ticipants’ demographics, previous experience with laparoscopic 
surgery and gaming experience are shown in Table 1. Figure 1 
compares task completion time, NASA-TLX score, and task-
evoked oxyhemoglobin changes in the left prefrontal cortex of 
the three groups of participants. In Figure 2 and Figure 3, inter-
group comparisons of performance and cognitive load that 
were summarized in Figure 1 are further elaborated within each 

group. Finally, the subject averaged distributions of cortical 
activation over the PFC of the participants are shown in Figure 
4. 

Figure 1A shows that the surgeons completed the task in a 
significantly shorter period of time when compared to gamers 
and non-gamers. A significant difference in completion time 
was noted between surgeons and non-gamers (p< 0.01) 
confirming the difference between the two groups. Although 
gamers appeared to be faster, the difference between gamers 
and non-gamers did not reach significance in Task 1. In Task 2 
(not shown), there were similar trends although group 
differences were not statistically significant. Figure 1B shows 
that the surgeons had lower NASA-TLX workload scores when 
compared to gamers (p< 0.01) and non-gamers (p< 0.04) 
during Task 1. There was a similar trend for Task 2. Significant 
difference in task load was seen between gamers and non-
gamers (p< 0.02). Figure 1C indicates that the left prefrontal 
cortical activation of surgeons in Task 1 was significantly lower 
than that of gamers (p< 0.004) and non-gamers (p< 0.02). As in 

table 1. Group demographics

Group number

Median gaming 
hours per week 

(range)

Gaming hours 
per week, mean 

± SD
Median age 

(range)
Median LSE in 

number (range)
LSE in number 

mean ± SD

Non-gamer students 12 0 (0-0) 0 ± 0 26.5 (18-30) 0 (0-0) 0 ± 0

Gamer students 15 15 (1-40) 14 ± 12.7 19 (18-32) 0 (0-0) 0 ± 0

Laparoscopic surgeons 13 0 (0-0)  0 ± 0 35 (27-50) 75 (5-350) 116 ± 118.3

LSE: Laparoscopic surgery experience.

Figure 1. Performance, cognitive load, and prefrontal cortical activations of non-gamer students (gray triangle in-
dicates the median), gamer students (black squares), and surgeons (red circles). The students have no laparoscopy 
experience and the surgeons have no gaming experience. Error bars indicate sample standard deviations (*p< 0.05; 
**p< 0.01). (A) Task completion time. (B) Mean NASA-TLX score. (C) Oxygenated hemoglobin oxyhemoglogin con-
centration changes in the left prefrontal cortex measured by fNIRS.

A B C
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the previous comparisons, Task 2 differences between the 
groups were similar.

Figure 2A: Through regression analysis, we found a significant 
association between completion time and gaming experience. 
The extent of game experience was negatively correlated with 
completion time (R2= 0.22, p< 0.01). This figure only presents 
the results for Task 1. We observed a similarly significant 
association in Task 2 (R2= 0.18, p< 0.02). This figure also shows 
gaming categories which gamers play (the colour coded 
presentation used to show gaming categories). No significant 
different was seen between only shooters player vs. only 
strategy players; only shooters player vs. strategy + shooters 
players; only strategy players vs. strategy + shooters player and 
game experience. Figure 2B suggests that more experienced 
surgeons tended to be faster; however, laparoscopy experience 

was not significantly correlated with completion time of Task 1 
(R2= 0.15 p= 0.17). Similar results were found in Task 2. 

Figure 3A: We show the NASA-TLX subscales that indicate the 
distinct dimensions of cognitive load. Surgeon had lower 
scores of the six subscales of the NASA-TLX questionnaire 
compared to gamers and non-gamers for Task 1. A significant 
difference in physical (p< 0.02) and temporal demands  
(p< 0.0007) was noted between surgeons and non-gamers 
during Task 1. The effort of surgeons was significantly lower 
compared to gamers (p< 0.05) in completing the tasks. No 
significant difference was seen between the surgeons, gamers, 
and non-gamers in performance, frustration and mental 
demand. In Task 2, no significant difference was seen for pairs of 
groups in individual subscales. Figure 3B indicates that novice 
participants with higher game experience reported significantly 

Figure 2. Performance and its dependence on the gaming experience of students and on laparoscopy experience of 
surgeons. (A) Completion time v gaming experience for students. Gamers are shown as only strategy game players 
(red circles), only shooter game players (green triangle), and both strategy and shooter game players (blue circles). Best 
fit line to the gamer data is shown (R2= 0.22, p< 0.01). (B) Completion time v laparoscopy experience for surgeons. The 
solid black line indicate the linear best fit and the dotted lines indicate the 95% confidence interval (R2= 0.15, p= 0.17).

A B

Figure 3. Cognitive load and its dependence on the gaming experience of students and on laparoscopy experience 
of surgeons (*p< 0.05; ***p< 0.001). (A) Individual dimensions of cognitive load shown by the NASA-TLX subscores for 
non-gamer students (gray), gamer students (black), and surgeons (red). Error bars indicate sample standard deviation. 
(B) Total NASA-TLX score v gaming experience for students (R2= 0.21, p< 0.001). (C) Total NASA-TLX score v laparos-
copy experience for surgeons (R2= 0.36, p< 0.0001). In the scatter plots, the solid black lines indicate the linear best fit 
to the data points and the dotted lines indicate the 95% confidence interval.

A B C
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lower NASA-TLX workload scores (R2= 0.21, p< 0.001). Similarly 
(Figure 3C) we found that more years of laparoscopy experience 
correlated with significantly lower NASA-TLX workload scores 
(R2= 0.36, p< 0.0001). In Figure 3B and Figure 3C, we present 
NASA-TLX scores for both Task 1 and Task 2. With regard to the 
topographic distribution of brain activity in three groups, Figure 
4 indicates that the left prefrontal cortical activation in non-
gamers was substantially higher than that in gamers which, in 
turn, was somewhat higher than that and surgeons. 

DISCuSSIOn 

Our results suggest that some of the effects of video gaming 
experience on novice laparoscopy trainees are similar to those 
of real-world laparoscopy experience on surgeons. We showed 
this by using performance and subjective metrics as well as 
brain activity. To our knowledge, this is the first study that 
includes cognitive and brain metrics, and not just behavioural 
ones, in the investigation of video game experience in relation 
to laparoscopy skill, and directly compares these to those 
obtained from expert surgeons.

Taking novice students with no laparoscopy or gaming 
experience as a baseline, task completion time, self-reported 
cognitive load, and left PFC activation all were decreased with 
increasing gaming experience or with greater laparoscopy 
experience. Some of these inter-group differences were 
statistically significant and all followed a clear trend. Furthermore, 
within the group of gamer students, students with greater 
gaming experience completed the training task significantly 
faster. In previous studies, video game playing correlated with 
better surgical technique in medical school students and 
impacted the traditional skills of knot tying, incision making 
and suturing (9). Evidence shows that first-person shooter 
games preferentially enhance attentional control and executive 
function (5). However, whether a particular genre of video 
game plays a particular role has yet to be determined in a 
randomized controlled study. We did not see any difference in 
the effect of genres of game, likely due to insufficient data. In 
addition to the effect of game playing on performance, the 

number of laparoscopy procedures performed in the past may 
have enhanced surgeons’ task performance. 

There was a significant negative correlation between the 
cognitive load and gaming experience in students and 
laparoscopy experience in surgeons. This result is significant 
since NASA-TLX scores have been shown to independently 
predict future OR performance (14). In addition, higher cognitive 
load during surgery may lead to distraction, consideration of 
fewer options than those available, or inflexibility in choosing 
strategies. Low load on the other hand allows greater amounts 
of data to be processed, leading to appropriate responses to 
unexpected events (17). 

PFC activation provided that clearest inter-group discrimination, 
particularly with regard to differences between non-gamer and 
gamer novices. Brain activity in the left PFC, in particular, is 
reduced as a result of greater gaming or laparoscopy experience. 
The reduction in activity is consistent with the known 
dominance of the left hemisphere in motor action regardless of 
handedness (18), interference processing (19,20) and overall 
bi-manual coordination (21,22). By contrast, PFC lateralization is 
reduced in PTSD and other disorders (23). Previous fNIRS 
studies of laparoscopy skill have indicated that greater skill is 
accompanied by behavioral automation, which tends to reduce 
the engagement of executive areas in the PFC (24).

Our study had several limitations. The number of participants 
was low. A greater number of participants would allow us to 
rule out or show the significance of some of the trends 
observed. It may also reveal the differential effects of the genre 
of video game. Secondly, student participants did not all play 
the same set of games. More controlled gaming experience 
may help increase the accuracy and validity of the results. Our 
results show only correlation and not causation. Underlying 
factor (such as higher dexterity or motivation) could be causing 
both higher gaming experience as well as better laparoscopy 
training performance. This shortcoming may be circumvented 
by an interventional study that manipulates gaming experience 
systematically. Lastly, the quantification of video game 

Figure 4. Frontal view of the task-evoked cortical activations measured by fNIRS. The subject averaged topographic 
distributions of oxyhemoglobin over the prefrontal cortex are shown. (A) Non-gamer students. (B) Gamer students. 
(C) Surgeons.

A B C
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experience may have been subject to inaccuracy since it was 
self-reported. Both in gaming and laparoscopy experience 
some self-reporting inaccuracy is evident from the fact that 
there appears to be a bias to report in multiples of fixed values.

COnCLuSIOn

Our results indicate that multimodal investigations may shed 
light on how video games affect not only performance in sur-
gery training, but cognitive load and brain activity, as well. The 
understanding of neural underpinnings of surgery skill and its 
links with gaming experience will likely increase in the near fu-
ture as wearable functional brain imaging becomes more wide-
ly available.
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Video oyun deneyimi, laparoskopik cerrahi eğitiminde performansı, bilişsel yükü ve beyin 
aktivitesine etkisinin incelenmesi
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ÖZET

Giriş ve Amaç: Video oyunları cerrahi eğitim için değerli bir araç olabilir. Video oyunları oynayan veya etkileşime giren bireyler, oyun oynama-
yanlara kıyasla daha iyi görsel-uzaysal yeteneğe sahip olma eğilimindedir. Çok sayıda araştırma, video oyunu deneyiminin laparoskopik becerileri 
daha hızlı edinme, daha fazla keskinleştirme ve daha uzun süre elde tutmayla ilişkili olduğunu öne sürmektedir. Cerrahi becerisinin nörobilişsel 
karmaşıklığı göz önüne alındığında, video oyunu oynamanın laparoskopi becerisini nasıl geliştirdiğini anlamak için çok (multimodal) yaklaşımlar 
gereklidir.

Gereç ve Yöntem: Laparoskopi deneyimi olmayan ve farklı düzeylerde video oyunu deneyimi olan yirmi yedi öğrenci standart laparoskopik 
eğitim görevlerini yerine getirdi. Performansları, öznel bilişsel yükleri ve prefrontal kortikal aktiviteleri kaydedildi ve analiz edildi. İki acemi 
grubu karşılaştırırken kullanılacak bir referans noktası olarak, aynı zamanda 13 cerrahın verileri de çalışmaya dahil edildi.

Bulgular: Sonuçlar, video oyunu deneyiminin daha yüksek performans (R2= 0,22, p< 0,01) ve daha düşük bilişsel yük (R2= 0,21, p< 0,001) ile ilişkili 
olduğunu ve oyun deneyimi olan öğrencilerin prefrontal kortikal aktivasyonunun nispeten daha düşük olduğunu gösterdi. Bu değişkenler açısın-
dan acemilerdeki oyun deneyimi, cerrahlardaki laparoskopi deneyimine benzer etkiler üretme eğilimindeydi.

Sonuç: Sonuçlarımız, performans, bilişsel yük ve beyin aktivitesi boyutları boyunca, video oyunu deneyiminin acemi laparoskopi kursiyerleri üze-
rindeki etkilerinin, gerçek dünyadaki laparoskopi deneyiminin cerrahlar üzerindeki etkilerine benzer olduğunu göstermektedir. Ameliyat beceri-
sinin sinirsel temellerinin ve oyun deneyimiyle olan bağlantılarının, giyilebilir fonksiyonel beyin görüntüleme kullanılarak daha fazla araştırılması 
gerektiğine inanıyoruz.
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