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Abstract  

Complications of robotic-assisted surgery are on the rise, partly due to surgeons not 

receiving proper training. Using the current Da Vinci (DV) surgical system, 150-3,000 surgeries 

must be performed to achieve proficiency [10, 5].  To improve performance, a new system was 

developed using Nintendo Joycon (NJ) controls.  

The system was tested using NJ and the DV control systems, with two users (gamer and 

doctor), in a simulated skills assessment in 2-dimensional (2D) and 3-dimensional (3D) modes. 

The simulation completion time and error count were used to calculate a Fundamentals of 

Robotic Surgery Skills Assessment (FRS) score.  

The results indicate the task time, error, FRS scores, and learning rates had improved 

significantly (p<0.05). The risk ratios indicate the Da Vinci control system increases the risk of 

error significantly (p<0.05). Based on the data collected in this study, implementing a Nintendo 

Joycon control system improves task time by 83% for the doctor and by 88% for the gamer, 

reduces error by 73% for the doctor and by 82% for the gamer, improves FRS score by 72% for 

the doctor and by 46% for the gamer, and accelerates the learning rate by 84% for the doctor and 

by 86% for the gamer.  

The data collected indicates that implementing a Nintendo Joycon control system will 

significantly improve surgical performance by accelerating the learning rate and reducing error.  

Keywords: Robotic, learning rate, accelerated learning curve, simulation, Da Vinci Surgical 

System, Nintendo Joycon, FRS (Fundamentals of Robotic-Assisted Surgery Skills Assessment) 
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Introduction 

“Methods to improve surgical performance for trainees and practicing surgeons have 

become a national mission to mitigate surgical morbidity, reduce healthcare costs, and accelerate 

learning curves” [6]. Robotic-assisted surgery is being implemented to achieve this goal and 

complete the mission. Da Vinci Surgical System was approved by the Federal Drug 

Administration in 2000.  Only Da Vinci Surgical Systems are used for robotic surgery and are in 

3,800 hospitals worldwide [13]. The system itself costs $2 million and with maintenance and 

training costs thousands of dollars [11]; therefore, many surgeons do not have the necessary 

training on it.   

There is a lot of room for improvement in the field of robotic surgery. 

Over the past few years, complications associated with robotic-assisted surgery have 

skyrocketed. This is likely due to surgeons not completing the recommended training which 

requires surgeons to perform at least 150-3,000 surgeries to be proficient in robotic-assisted 

surgery. Many surgeons only do between 50-120 procedures, which is ineffective and may 

potentially endanger patients [12]. In fact, a study conducted by Johns Hopkins University found 

that the frequency of complications associated with robotic surgery is significantly 

underreported, so it isn’t possible to find exactly how many injuries and deaths result from 

robotic surgery [8]. Patients often need to travel to distant cities to find a surgeon qualified to do 

robotic-assisted surgery [9]. 

To fix this issue and reduce the risk of complications, a new surgical system was 

developed to replace the current Da Vinci control system with an easy-to-use Nintendo Joycon 

control system. It is hypothesized that an easier control system would reduce the amount of 

training surgeons need to be proficient by accelerating the learning curve and reducing operating 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27637v1 | CC BY 4.0 Open Access | rec: 5 Apr 2019, publ: 5 Apr 2019



(task completion) time, and errors. Nintendo Joycons were chosen for this study because the 

Nintendo Switch Joycon has more advanced technology, enabling more precise movements of 

the Da Vinci Surgical System, and the controls feel natural, making it easy to use. Many doctor 

trainees are familiar with the Nintendo Switch Joycons. In fact, 80% of students in medical 

school play videogames [7]. 

 

Methods 

Subject Selection. 

A pediatric nephrologist with minimal surgical experience in biopsies, from Driscoll 

Children’s Hospital and a 15-year-old gamer (gamer being someone who spends more than 5 

hours playing video games per week) from Veterans Memorial High School were recruited for 

this study. The doctor has no first-hand experience with either the Da Vinci or the Nintendo 

systems, while the gamer is familiar with the Nintendo system and regularly plays Nintendo 

Switch games, but has no first-hand experience with the Da Vinci system either. The gamer was 

recruited to show the results someone with no medical training would get in the surgical skills 

assessment. 

Study Design. 

The Nintendo Joycon control system and the Da Vinci control system were used in the 

simulated Fundamentals of Robotic Surgery Skills Assessment (FRS) in 2D and 3D by both 

users (Figure S1). The simulation was made in Blender3D using models provided by Intuitive 

Surgical. The Nintendo Joycon control system was integrated into the simulation via a Bluetooth 

connection with the computer and the use of JoyToKey software to translate the controller button 
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presses into key presses for Blender3D to read. The Da Vinci control system was integrated into 

the simulation by incorporating the Joycon’s accelerometer and gyroscope in the Da Vinci 

control 3D model. This was purposely done since the same gyroscope and accelerometer are 

used and the precision and accuracy are controlled. The accelerometer and gyroscope connected 

to the computer via Bluetooth and the motion controls were converted into key presses using the 

JoyToKey software, as well.  Both users received 5 minutes of practice prior to performing the 

Fundamentals of Robotic Surgery Skills Assessment (Figure S2). Seven tasks were performed 

by each user using the Nintendo Joycon control system in 2D and 3D, and using the Da Vinci 

control system in 2D and 3D, for a total of twenty-eight tasks for each user. The task consisted of 

a pegboard with 12 poles: six on the left side arranged in a rectangle formation and six on the 

right arranged in a diamond formation. The users had to move the rings from the left side to the 

right side. This task is designed to test fundamental skills needed in the operating theatre 

including hand-eye coordination, bimanual dexterity, speed, and precision. The skills acquired 

from the peg transfer task directly translate into better bimanual handling of needle and other 

small objects during surgery [2]. The pegboard task is endorsed by the American College of 

Surgeons and approved by both, the Food and Drug Administration and the Advanced Medical 

Technology Association. Each task had 3 levels of difficulty: low, intermediate, and high based 

on the distance and angle the rings in the simulation module had to be moved during the task. 

The primary outcomes analyzed were task time, error frequency, learning rate, and FRS score for 

each user using each control system, and using 2D and 3D modes. The results of the gamer and 

the doctor were analyzed separately to show if the individual’s simulated surgical performance 

improves when using the Nintendo Joycon control system compared to the Da Vinci control 

system. The tasks were completed in four sessions, 1st session was both users using the Nintendo 
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Joycon control system in 2D, 2nd session was both users using the Joycon control system in 2D, 

3rd session was both users using the Da Vinci control system in 2D, and the 4th session was both 

users using the Da Vinci control system in 3D. Each session was separated by a time period of 

one week to mitigate the potential for compounded learning from previous sessions. 

Objective Performance Metrics 

Based on existing surgical curricula validation studies, the following performance metrics 

were tracked in the simulated skills assessment. 

1. Mean task time (seconds) = sum of task times / number of tasks  

2. Technical errors (percentage) = number of rings dropped / total rings moved X 100% 

3. FRS score (lower is better) = task time in seconds + (%error × task time in seconds) 

4. Learning rate (percentage) = 10ln(𝐹𝑅𝑆 𝑆𝑐𝑜𝑟𝑒 𝑜𝑓 𝑛𝑡ℎ 𝑇𝑎𝑠𝑘FRS Score of first Task)∗log (2)ln (nth Task)  

Statistical Methods. 

The primary comparison for the four sessions was a test for the overall mean difference 

between the results when using the Joycon control system and the Da Vinci control system. The 

users were not compared to each other because this study was focused on improving a given 

user’s individual performance. Student’s t-test was used to test for a significant difference 

between study groups by calculating the p-value, where a p-value < 0.05 was considered 

statistically significant. Mean and p-value calculations were made in Microsoft Excel. To 

calculate the significance of error, the relative risk was calculated using an online risk calculator. 

Results 

The doctor and the gamer each performed seven tasks for each test (n=7 Nintendo Joycon 

2D, n=7 Nintendo Joycon 3D, n=7 Da Vinci 2D, n=7 Da Vinci 3D). For sessions 1 and 2 (2D 
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Nintendo Joycon and 2D Da Vinci), testing whether the Nintendo Joycon control system 

improved simulated surgical performance for the doctor, there was a statistically significant 

decrease in mean task time (-33.16 seconds, p=0.016), mean error (-19.07, p=0.015), mean FRS 

score (-74.06, p=0.012), and mean learning rate (-28.64, p=0.0094) (Table S1). The proportion 

of tasks with errors favored the Nintendo Joycon control system and was statistically significant 

(Relative Risk Ratio=3.0, p=0.0398) (Table S3). For sessions 3 and 4 (3D Nintendo Joycon and 

3D Da Vinci), testing whether the Nintendo Joycon control system improved simulated surgical 

performance for the doctor, there was a statistically significant decrease in mean task time (-

33.11 seconds, p=0.016), mean error (-16.73, p=0.0021), mean FRS score (-66.17, p=0.0013), 

and mean learning rate (-3.79, p=0.047) (Table S1). The proportion of tasks with errors favored 

the Nintendo Joycon control system and was statistically significant (Relative Risk Ratio=4.5, 

p=0.0451) (Table S3). For sessions 1 and 2 (2D Nintendo Joycon and 2D Da Vinci), testing 

whether the Nintendo Joycon control system improved simulated surgical performance for the 

gamer, there was a statistically significant decrease in mean task time (-36.29 seconds, 

p=0.0002), mean error (-35.72, p=0.0009), mean FRS score (-89.14, p=0.0003), and mean 

learning rate (-11.96, p=0.004) (Table S2). The proportion of tasks with errors favored the 

Nintendo Joycon control system and was statistically significant (Relative Risk Ratio=6.0, 

p=0.0022) (Table S4). For sessions 3 and 4 (3D Joycon and 3D Da Vinci), testing whether the 

Nintendo Joycon control system improved simulated surgical performance for the gamer, there 

was a statistically significant decrease in mean task time (-94.28 seconds, p=0.000006), mean 

error (-19.05, p=0.02), mean FRS score (-130.54, p=0.000002), and mean learning rate (-14.97, 

p=0.008) (Table S2). The proportion of tasks with errors favored the Nintendo Joycon control 

system and was statistically significant (Relative Risk Ratio=5.0, p=0.0304) (Table S4). The 
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data collected indicates that implementing a Nintendo Joycon control system will significantly 

improve surgical performance by accelerating the learning rate (Tables S1, S2, S3, and S4), and 

reducing error.  

Discussion 

It was hypothesized that implementing a Nintendo Joycon control system would improve 

surgical performance on Da Vinci virtual reality tests. In this study, it was demonstrated that the 

Joycon control system improves performance and reduces error. A possible explanation for this 

improvement in performance is the Joycons have better functionality and more advanced 

technology than the Da Vinci. For example, the Da Vinci only uses the gyroscope and 

accelerometer to control the robot, but the Joycons use analog sticks and buttons in addition to 

the gyroscope and accelerometer to refine the movement and enable more precise maneuvers 

than the Da Vinci. This is a fundamental observation because, to date, no studies have been made 

concerning implementing a Nintendo Joycon control system in robotic-assisted surgery. 

Furthermore, these results show that if virtual reality results are consistent with real results, then 

when Joycon control systems are implemented, operation times should decrease, complications 

should decrease, and the learning curve should accelerate. Decreased operation times would 

widen accessibility to patients since the surgeons would have more time for additional 

operations. Decreased complications would reduce healthcare costs. Accelerated learning would 

also reduce healthcare costs since less money would be spent on surgical training, surgeons 

would have more time to work, and it would increase accessibility to patients since more 

surgeons would be qualified to perform robotic-assisted surgery. The Joycon control system 

costs only $200, but the Da Vinci control system costs $200,000, so the immediate savings of 

implementing the Joycon control system would be $339,660,000 {Total cost of Da Vinci controls 
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for 1,700 robots is $340,000,000. Total cost of Nintendo Joycon controls for 1,700 robots is 

$340,000.}. In the long term, because the Joycon control system accelerates the learning curve, it 

reduces the number of required training surgeries by 85% and it reduces error by 75%. In turn, 

this will reduce costs by an estimated $79,200,000,000 {$264,000,000,000 for regular Da Vinci 

training plus erroneous procedures cost for 3,000 surgeries for the 44,000 surgeons performing 

robotic-assisted surgery. $184,800,000,000 for Joycon cost for 75% reduction in error and 85% 

reduction in training.}.  

There were some key limitations in this study that should be mentioned. First, official Da 

Vinci controls manufactured by Intuitive Surgical were not used due to the limited accessibility 

and the high cost of the controls, which is upwards of two hundred thousand dollars. To deal 

with this issue, a 3D model of the Da Vinci controls was created, and the accelerometer and 

gyroscope of the Nintendo Joycon were integrated into the model (Figures S3 and S4). The 

same gyroscope and accelerometer were used in the Da Vinci controller as the Joycons to keep 

the sensitivity of the motion-sensing technology controlled and accurately test the impact of the 

Joycon controller design. 

Second, the findings were unambiguous in a virtual reality setting, yet the true test of the 

Joycon control system will need to be in the operating room. This was not possible given the 

circumstances because the Da Vinci surgical system robot costs about on average slightly under 

two million dollars, in addition to several hundred thousand dollars of annual maintenance fees. 

The fundamental research in the robotic virtual reality setting, however, highlights the potential 

benefit of employing a Joycon control system for improving patient outcomes and reducing 

costs. Blender3D was used in this experiment to create the simulation (Figure S2) using the 3D 

models provided by Intuitive Surgical, so these findings may be easily translatable into the OR 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27637v1 | CC BY 4.0 Open Access | rec: 5 Apr 2019, publ: 5 Apr 2019



due to the parity between the simulated FRS skills assessment and the real FRS skills 

assessment. 

Potential future experiments include recruiting more users in the study and testing more 

complex surgical tasks such as the ligating loop test, suture strength test, round incision test, and 

camera targeting test in addition to the pegboard test. This study was the pilot study to verify that 

there is a statistically significant improvement in robotic surgery when implementing the Joycons 

and to evaluate feasibility, time, and difficulty of this experiment so the study design can be 

improved for a full-scale research project in the future. 

Conclusions 

Implementing a Nintendo Joycon control system improves robotic surgery task 

performance and reduces errors for the doctor and the gamer in a virtual reality setting. Further 

investigation is required to see if these results translate to the operating room. These data provide 

a foundation for future predictive validation studies assessing the role of implementing a 

Nintendo Joycon control system for improved patient outcomes, reduced operative cost, and 

pave the way for novel control system investigation in all areas of robotic surgery. 

 

Abbreviations 

FRS Fundamentals of Robotic Surgery Skills Assessment 

RR Relative Risk 

OR Operating Room 

CCISD Corpus Christi Independent School District 

2D 2 Dimensions 

3D 3 Dimensions 
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SD Standard Deviation 

NJ Nintendo Joycon 

DV Da Vinci 

FDA Food and Drug Administration 
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