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ABSTRACT  
 
Objective To determine whether Proficiency Based Progression (PBP) training leads to better 

robotic surgical performance compared to traditional training as the value of PBP training for 

learning robotic surgical skills is unclear.   

Material and Methods The PROVESA trial is a multicentric, prospective, randomized and 

blinded clinical study comparing PBP training with traditional training for robotic suturing and 

knot tying anastomosis skills. 36 Robotic naïve junior residents were recruited from 16 training 

sites and 12 residency training programs. Participants were randomly allocated to metric-based 

PBP training or the current standard of care Traditional Training, and compared at the end of 

training. Primary outcome was percentage of subjects reaching the predefined proficiency 

benchmark. Secondary outcome was the number of procedure steps and errors made. 

Results: 17% of the Traditional Trained Group and 67% of the PBP group demonstrated the 

proficiency benchmark (i.e., ~ 10 times as likely to demonstrate proficiency (p=0.006)). The 

PBP group demonstrated a 51% reduction in performance errors from baseline to the fina l 

assessment (18.3 vs 8.9). The Traditional Trained Group demonstrated marginal improvement 

(15.94 vs 15.44) in errors made. 

Conclusions: The PROVESA trial is the first prospective RCT for basic skill training in robotic 

surgery. Implementation of a PBP training methodology resulted in superior surgica l 

performance for robotic suturing and knot tying anastomosis performance. Compared to 

traditional training, a better surgical quality could be obtained by implementing PBP for robotic 

basic skill training.  
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INTRODUCTION  

 

Halsted’s apprenticeship model is still widely used during the training of surgeons (1,2). Novice 

surgical residents still perform their first surgical steps on patients, risking higher peri-operative 

morbidity (3,4). Surgical training depends on quality of the trainer with a lack of 

standardization, objective, transparent and fair feedback(5). Reduced work hours, increased 

bureaucracy and ethical concerns have forced the surgical community to explore new training 

modalities. In similarity with training of airline pilots, mitigating the initial learning curve in 

an out-of-hospital setting, and developing a standardized, simulation-based training system, 

could improve patient safety (6).  

Proficiency Based Progression (PBP) has demonstrated its value in different surgical specialtie s 

(7,8). Cornerstone of PBP training are procedure-specific, validated and binary performance 

metrics derived from characterization of this procedure done by experts with well-defined 

procedural steps and errors. A specific level of training outcome, defined by a quantitative score 

(benchmark) on a standardized assessment, must be demonstrated to gain the proficiency level. 

Progression in training is only allowed by meeting the quantitatively defined performance 

benchmarks (7). In a meta-analysis, an average reduction of metrics-based performance errors 

of 60% was observed in multiple specialties compared to traditional training(9). 

Fundamental to creating a proficient robotic surgeon is the acquisition of basic surgica l 

skills(10). The “Venezuelan chicken model” is generally accepted as an optimal model to learn 

robotic suturing, anastomosis and knot tying skills. It is, for example, a good model for the 

vesico-urethral anastomosis (VUA) training part of a robot-assisted radical prostatectomy 

(RARP). The development of performance metrics and its construct validity have been reported 

by Puliatti et al (11). This randomized controlled trial (RCT) aims to compare the effectiveness 



   

of the apprenticeship approach to training with the PBP approach for teaching robotic suturing 

and knot tying of a VUA on a chicken model for novice surgical residents.  

MATERIAL AND METHODS 
 
Participants/Subjects 

The study subjects were robotic naïve, first and second year surgical residents (n=36) from 

Ghent University and KU Leuven. All included participants were indeed robotic naïve, meaning 

that they did not have any previous experience in suturing and knot tying using robotic 

technology. Any experience on the robotic console as operator was deemed to be an exclus io n 

criterium.  Approval for the study was received from the local ethical committee and the trial 

was registered at the National Institution of Health (NCT04786834). All subjects completed 

informed consents.  

 

Faculty Training 

The PROVESA PBP faculty were supervised by the PROVESA research coordinator, a 

consultant behavioral scientist (A.G.G.). The panel members were randomly assigned to four 

fixed pairs which remained constant through scoring of all live and video-recorded 

performances. Prior to commencement of the trial raters were trained to mastery of the metrics 

which was indicated by repeated inter-rater reliability > 0.8 between pairs of reviewers for 

objective assessment of full- length surgical videos.  

 

In the apprenticeship model, a resident is depending, for its surgical exposure, on its mentor 

and the institution where he or she is trained. Consequently, when recruiting first and second 

year surgical residents, participants with different levels of surgical exposure are gathered. 

Therefore, to rule out selection bias based on surgical skills, all participants had a baseline 

assessment of their first VUA. Then, a matched 1:1 randomization was performed (using an 



   

online randomizer www.random.org). Subjects were matched for age (± 2 years), residency 

year and skill at baseline as determined by the objectively assessed performance metrics score 

(Figure 1a & b). The Traditional Trained Group (TTG) were yoked to the same training time 

as their counterpart in the PBP Group. 

 

Group PBP training: 

Eighteen participants were randomized to the PBP group. They were given access to a dedicated 

e-course on the online Bridge® platform one week before their training in the skills lab of ORSI 

Academy (Figure 1a & b). In this e-course, the validated operative metrics were reviewed 

during which errors and steps were illustrated (Appendix 1). Immediate performance feedback 

was given to the participants during the course. Training in the skills lab required all subjects 

to reach the quantitively defined proficiency benchmark (94%) on the eLearning module 

(defined as the mean score on the test by the panel of experienced surgeons). Training and 

assessment methods, including the VUA task are described in more detail in Supplementa ry 

information (appendix 2). 

 

In the skills lab training was delivered to teams of three participants per trainer during a full 

day by the PROVESA PBP faculty in a standardized way with the operative metrics as guiding 

instrument. While one subject was training, other two participants scored and gave metric-base 

formative feedback to their colleague on task completion. Each group of three trainees was 

supervised by an experienced faculty member who gave ongoing metric-based performance 

feedback (i.e., deliberate practice training)(12). Participants could train as long as they liked, 

and faculty indicated when they thought the trainee had reached the proficiency level. 

Subsequently, the final trial was supervised, and videorecorded by one of the designated 

PROVESA faculty members.  



   

 

Group Traditional Training: 

Eighteen participants were randomly assigned to the TTG. Surgical trainers from different, 

recognized robotic training centers were invited to train the TTG based on the way surgica l 

residents currently get trained. For one week, trainees had continuous access to the exact same 

online learning platform as the PBP Group and were repeatedly encouraged to study the 

material.  Subsequently, they were invited to ORSI Academy for a full day of training by seven 

robotic experts. All experts were selected from different Belgian hospitals and were considered 

to be experts in robotic surgery and excellent trainers. Each trainer had three participants to 

train. As matching was done for training time with their counterparts in the PBP group, every 

participant in the TTG had a preset number of trials before doing the final assessment.  

 

Video Scoring 

The PROVESA research coordinator randomly assigned the 36 full- length study videos, each 

with only the designated unique identifying number attached to a single pair of reviewers. Other 

than the research coordinator, all video reviewers remained blinded to the subject and training 

condition of the video being reviewed. Each video was independently reviewed and scored by 

the 2 members of an assigned pair of reviewers. Performance was scored in a binary fashion 

for performance units in the operative metrics that were or were not observed to have occurred 

by the reviewer.  

 

Statistical Analysis  

Statistical Analysis was performed with SPSS 26 (Armonk, New York). Differences between 

the relationship of the two training programs on proficiency demonstration (the primary end 

point) at the end of training were examined using logistic regression analysis. A 2 * 2 Mixed 



   

Model analysis of variance (ANOVA) was used to determine if there was a statistical difference 

for secondary end points (the number of completed steps and the total number of errors made) 

between the Traditional Trained and the PBP trained groups 1) at baseline and 2) post training 

assessments (i.e., repeated measures) with specific within-subject contrasts for Steps and Errors 

compared with t-distribution in the mixed model ANOVA.  Results are reported in terms of the 

statistical estimate (Est), the standard errors (SE), degree of freedom (df), test statistic (t) and  

the probability value (p). 
 

Design 

Data at time one relates to Baseline, while that at time two refers to the post training 

performance level, and within group comparisons where individuals act as their own control. 

Respondents were randomly assigned to one of two conditions (a) Traditionally Trained and 

(b) Proficiency Based Progression Groups. Of particular interest in this design is the cross-level 

interaction of assessment occasion (i.e., Baseline Vs Post training) by Condition (i.e., TTG vs 

PBP), where it is anticipated that PBP training should perform better. 

 

Statistical Power Calculations 

Power calculation: the numbers needed in each arm were based on transfer of training (ToT) 

effects observed in previous studies of PBP simulation studies where ToT rates of 42-69% were 

observed (5,13–19). In the current study we therefore expected to observe differences of 6.9% 

v 60%(13) and 29% vs 75%(17) which generated statistical power of 0.96 and 0.82 respective ly 

for proficiency demonstration of 18 trainees in each group at the end of training. Likewise, a 

decrease in performance errors >40%, with a two-tailed test, and with n = 4 trainees in each 

group with an alpha of 5% (which corresponds to a 95% confidence interval) and Beta error 

10% (i.e., 1-0.1=0.9 βeta) would yield a statistical power of 95%.  



   

 

RESULTS 

Inter-rater reliability 

Baseline characteristics with respect to age, gender, handedness, surgical discipline etc., of the 

participants in each group are shown in Table 1. The mean IRR of video recorded performance 

assessments for all metrics was 0.87 (TTG IRR=0.86 and PBP Trained Group=0.87). None of 

the video recorded assessments were below the 0.8 IRR level.   

A significant difference between the two groups eLearning scores (PBP=96.9 (2) vs TTG=83 

(7), F=29.02, p<0.000) was observed.  

 

Descriptive statistics 

Figure 2 shows percentages of participants in each group who completed all five procedure 

steps at the baseline and post training assessments. At the baseline assessment 57% of the TTG 

and 43% of the PBP Group completed all five steps of the procedure. After training this had 

increased for both groups; 89% (n=16/18) in the Traditional and 94% (n=17/18) for the PBP 

Group. The post training difference between the two groups was not statistically significant 

(Pearson Chi2=0.364, p=0.5). 

 

Logistic regression 

The post training assessment showed that 17% of the TTG trainees (n=3/18) and 67% (n=12/18) 

of the PBP trained Group demonstrated the proficiency benchmark. In a logistic regression 

analysis (Figure 3c) it was found that in comparison to the TTG, the PBP group were >10 times 

as likely to demonstrate proficiency which was statistically different (Table 2 - Exp (B)=10.00 

(95% CI of Exp (B), Lower=0.722 - Upper=3.88), Wald Chi-Squared=8.157, p=0.004). 



   

On the post training assessment 39% (n=7/18) of the TTG had an anastomosis leak or failed to 

complete the procedure in comparison to the PBP Trained group which had a rate of 17.6% 

(n=3/17). Although the TTG had more than twice the rate of the PBP group, this difference was 

not statistically significant (Pearson Chi2=1.93, p=0.164). 

 

Multivariate statistics  

Procedure Steps 

The overall mean and 95% CI for the number of procedure Steps completed by both groups at 

Baseline and Post training assessments are shown in Figure 3a. The TTG showed a 66% within 

group performance improvement as well as a reduction in performance variability at post 

training assessment. At baseline, on average those in the TTG condition completed 2.9 

procedure Steps which had increased to 4.8 in the post training assessment (t=-3.929, p=0.001). 

A similar pattern was observed for the PBP trained group in terms of improved performance 

and reduced performance variability. At baseline, on average they completed 2.7 procedure 

Steps which had increased to 4.9 in the post training assessment (t=-4.955, p<0.000). As a main 

effect for both groups, this difference was statistically significant for Baseline to Post Training 

Assessment (95% CI of the difference, Lower=-2.97 – Upper=-0.92, df=37.76, t=-3.831, p 

<0.000). No difference between the two Groups nor Group * Repeated Measure interaction was 

observed (Group, t=0.338, p=0.738 and for Group * Repeated Measure, t=-0.31, p=0.759) 

Errors 

The same analysis was completed for the number of errors made by each group (Figure 3b). 

The TTG demonstrated only a marginal performance improvement from Baseline to the Post 

training assessment (15.94 vs 15.44). In contrast the PBP trained group demonstrated a 51% 

reduction in performance errors from Baseline to the Post training assessment (18.3 vs 8.9).  



   

The overall difference between Groups was found to be statistically significant (Table 2: est=-

6.67, se=1.62, df=34, t=-4.11, p<0.000)  

 

The effect of test occasions on the number of errors reported/committed was different 

depending on the group allocation.  Those in the PBP condition made fewer errors (est=9.06, 

se=1.62, df=62.06, t=3.282, sig=0.002) during the Post Training assessment. 

 

 

DISCUSSION 
 
Suturing and knot tying are fundamental skills in the training of robotic surgeons. Our study 

represents the first RCT which investigated the possible added value of PBP in the training of 

novice robotic surgeons. After 1 day of training 67% of the PBP participants reached the 

quantitatively defined proficiency benchmark as compared to 17% in the traditional group. 

Consequently, PBP subjects were 10 times more likely to achieve proficiency. Had more time 

been available for training the number of trainees demonstrating proficiency would have been 

even greater (i.e., 83 – 89%)(20).  

 

No significant difference was observed between the number of procedural steps completed by 

the study groups, at baseline and in their final assessment. Conversely, there was a considerable 

reduction in procedural errors made during the final assessment in the PBP group indicating the 

key difference between both training methodologies. Where traditional training emphasizes 

what to do i.e., procedural steps, PBP training also emphasizes what not to do, i.e., performance 

errors because completion of the procedure does not guarantee the quality of the surgica l 

performance. 

 



   

The valid and reliable assessment of surgical skills is imperative to effective and efficient 

training. The Institute of Medicine has argued convincingly that medicine must move away 

from a process driven approach (e.g., time in training, number of procedures done etc.) (21) for 

the evaluation of skills to an outcome based approach, where the skills of the trainee are 

verified. Furthermore, evidence has now started to emerge which demonstrates a strong 

relationship between operative skills and patient outcomes, i.e., morbidity and mortality. 

Birkmeyer et al., have shown that better surgical skills lead to better outcomes (3). 

Consequently, the importance of surgical training to develop skill amongst surgeons cannot be 

underestimated. Conversely, it is shown by George et al, that 33.3% of US General Surgery 

residents are not ready to independently perform core procedures by the time they complete 

residency training (22). A substantial increase of procedural types, with higher complexity and 

skill requirement, combined with restriction on working hours for residents will further stress 

the current training paradigm. 

 

PBP training is a novel training methodology that approaches the airline pilot training model 

with the incorporation of surgical simulation and validated, binary performance metrics, and 

standardized procedure templates as cornerstones of training (23,24). Angelo et al., has shown 

in a prospective, blinded RCT that implementation of a PBP curriculum coupled with the use 

of a shoulder model simulator produced a superior arthroscopic surgical skill-set when 

compared with traditional and simulator-enhanced training methods (17,20,25). In a RCT by 

Breen et al., it was also shown that implementing PBP for the training of the ISBAR 

(Identification, Situation, Background, Assessment, Recommendation) communication skillse t 

in the context of a clinically deteriorating patient led to a significantly better communicat ion 

performance(13). In a systematic review, Mazzone et al. reported that the implementation of a 

PBP curriculum led to an average reduction 60% in performance errors compared to traditiona l 



   

training methodologies(9). A logical conclusion from these studies and the results reported here 

is that PBP is a more effective approach to skills training.  

 

Study Limitations 

Inevitably, this study was associated with some limitations. Although very well controlled, this 

was a small scale study, powered mainly for difference in proficiency level and performance 

errors(8,13,17). Therefore, it was not possible to show a significant difference in VUA leakage, 

although this was double the observed rate in the Traditional Group versus the PBP group. 

Larger future studies will be required to elucidate whether this reduction of performance errors 

could be translated into a reduction in adverse events. Nevertheless, as the first RCT in robotic 

surgery indicating a superior outcome of PBP training versus traditional training for basic skill 

training, the value of this paper is of high importance. 

 
 
CONCLUSION 
 
The PROVESA trial has shown that implementation of PBP methodology, compared to 

traditional training, resulted in superior surgical performance for robotic suturing and knot 

tying. Large RCT’s are necessary to confirm these results and further elucidate the clinica l 

benefit of PBP methodology. 
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FIGURE LEGENDS 

Figure 1a and b. a) The design of the multicenter, prospective, randomized, matched and 

blinded study and b) The CONSORT 2010 flow diagram of the PROVESA trial. 

 

Figure 2. The percentage of trainees who completed all five procedure steps at baseline 

assessment and at the end of their training in the video-recorded and blinded assessment.  

 

Figure 3a - c. The mean and 95% confidence intervals (CI) of a.) procedure steps completed 
and b.) the number of errors made by the Traditional and PBP trained Groups at Baseline and 
at the end of training and c.) Logistic Regression Analysis for the relative differences between 
the Traditional Trained Group (Reference Group for comparison) and the PBP trained group 
proficiency demonstration at the end of training. 
 

 Traditional Trained 
(n=18) 

 PBP Trained (n=18)  

        prob. level 

Age 25 (1)  26 (2) 0.323 

Gender 12F  8F 0.314 

Handed 13R  15R 0.437 

PG Year 1.2 (1)  1.2 (1) 1.000 

() = standard deviation; PG = Postgraduate; F = female; R = Right-handed 

Table 1. Demographic information for Traditional Trained group and PBP group 
 

 

Parameter Estimate Std. Error df t Sig. 

95% Confidence Interval 
Lower 

Bound Upper Bound 

 Number of Errors 

Intercept 15.44 1.147 34 13.470 .000 13.114 17.775 

Group=1.00 -6.67 1.622 34 -4.111 .000 -9.962 -3.372 

Assessment 

Occasion=1.00 

.50 1.951 62.065 .256 .799 -3.4 4.4 



   

Assessment 

Occasion=1.00 * 
Group=1.00 

9.06 2.759 62.065 3.282 .002 3.54 14.571 

 Number of Steps 

Intercept 4.83 .116 34 41.559 .000 4.597 5.07 

Group=1 .06 .164 34 .338 .738 -.279 .39 

Assessment 

Ocassion 

-1.94 .508 37.756 -3.831 .000 -2.972 -.917 

Assessment 

Occasion * 
Group=1.00 

-.22 .718 37.756 -.310 .759 -1.676 1.231 

Group=1: PBP, Group=2: Control (value set at zero and omitted) 
Assessment Occasion=1: Baseline, Occasion=2: Time two (value set at zero and omitted) 
All redundant parameters in the interaction term have been omitted. 

 

Table 2.  Estimates of a 2x2 fixed effects model representing the number of errors made and 
the number of steps taken 
 



 

 

 

 

Figure 1a and b. a) The design of the multicentre, prospective, randomised, matched and blinded study and b) The CONSORT 2010 flow diagram of the 
PROVESA trial. 

 



 

 

 

Figure 2. The percentage of trainees who completed all five procedure steps at baseline assessment 
and at the end of their training in the video-recorded and blinded assessment.  

 



 

Figure 3a - c. The mean and 95% confidence intervals (CI) of a.) procedure steps completed and b.) the number of errors made by the Traditional and PBP 
trained Groups at Baseline and at the end of training and c.) Logistic Regression Analysis for the relative differences between the Traditional Trained Group 
(Reference Group for comparison) and the PBP trained group proficiency demonstration at the end of training.




