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Title:   Computerized feedback during colonoscopy training leads to improved performance: a 

randomized trial 

Abstract 

Background and Aims: Simulation-based training in colonoscopy is increasingly replacing the 

traditional apprenticeship method to avoid patient-related risk. Mentoring during simulation is 

necessary to provide feedback and to motivate, but expert supervisors are a scarce resource. We aimed 

to determine whether computerized feedback in simulated colonoscopy would improve performance, 

optimize time spent practicing, and optimize the pattern of training. 

Methods: Forty-four participants were recruited and randomized to either a feedback group (FG) or a 

control group (CG). Participants were allowed 2 hours of self-practice where they could practice as 

they saw fit on 2 different cases: one easy and one difficult. The CG practiced without feedback but the 

FG was given a score of progression every time they reached the cecum. All participants were tested on 

a different case after end of training. The primary outcome was progression score in the final case and 

secondary outcomes were time spent practicing and training pattern. 

Results: Regression analysis adjusting for sex was done due to an uneven sex distribution between 

groups (P = 0.026) and significantly higher performance scores by men (37.6, SD 25.9) compared with 

women (19.7, SD 18.7), P = 0.012. The FG outperformed the CG in the final case (FG scoring 14.4 

points (95% CI, 1.2 - 27.6) more than the CG, P = 0.033) and spent more time practicing (FG 

practicing 25.8 minutes [95% CI, 11.6 - 39.9] more than the CG; P = 0.001). The FG practiced more on 

the easy case and reached the cecum 3.2 times more (95% CI, 2 - 4.5) during practice (P < 0.001).  
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Conclusions: Our findings of this study revealed that an automatic, computerized score of progression 

during simulated colonoscopy motivates the novices to improve performance, optimize time spent 

practicing, and optimize their pattern of training (Clinical trial registration number: NCT03248453). 

 

Introduction 

Colonoscopy is the criterion standard for diagnosing colorectal diseases. Novices handling the 

colonoscope impair patient-related safety, diagnostic accuracy, and cecal intubation rates (1,2). 

Traditionally, the training is done bedside but simulation-based training is increasingly replacing the 

initial introduction to avoid patient-related risks (3). Virtual reality colonoscopy simulators can provide 

the user with feedback (3,4) but lack tactile sensory realism. In contrast, physical simulators have been 

found to be more realistic but lack the feedback mechanism. Feedback is central in motivating and 

guiding the learner and is essential for all involved in education. How and when feedback is applied 

affects and motivates with different results (5). Evidence supports findings that feedback given by 

instructors compared with feedback from a simulator helps to increase performance (5), but drawbacks 

such as time spent by instructors and observer bias have led to the need for less-expensive, automated 

and objective systems.  

Predefined proficiency level based on expert performances and not a fixed training time is currently the 

end goal for novices (6,7). Previous studies have explored how skills gained in a simulation-based 

setting transfer to the clinic but have not focused on how feedback affects performance during training 

(3,4,8). Currently, no one has investigated the influence on performance of receiving computerized 

feedback during simulated colonoscopy on a physical model.  
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The colonoscopy progression score (CoPS) is an automated and objective computerized score. CoPS 

was created to assess the progression of the tip of the endoscope by tracking it through the colon, 

calculating the progression score using a patented algorithm. The system has been validated in both a 

simulation-based and a clinical setting (9,10) and found to be positively correlated with patient-related 

pain during a colonoscopy (11). 

We aimed to determine whether feedback from a computerized system could motivate and improve the 

novices’ performance during self-practice in simulated colonoscopy on a physical model. We 

hypothesized that CoPS as feedback on a physical model versus no feedback motivates novices to 

improve performance, optimize time spent practicing, and optimize their pattern of training.  

 

Methods 

Participants: 

Forty-four volunteer participants (interns and junior residents) were recruited for inclusion into this 

study. Participants were identified from mailing lists of graduate students within the last 2 years and 

advertisements on websites at the Copenhagen Academy for Medical Education and Simulation. 

Participants were included if they had no former experience with simulated or clinical colonoscopy. 

Demographics are shown in Table 1. All participants gave oral and written informed consent before 

enrolment. Participants were not compensated for their participation. 

The simulator and equipment: 
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The Kyoto Kagaku Colonoscopy Training Model, a realistic physical phantom model, was used as a 

model for the human colon. The phantom can be configured into 6 standard cases, each with a different 

formation and difficulty. Two cases were chosen for training, one easy (Case 1, no loops) and one 

difficult (Case 4, alpha loop with a very flexible sigmoid), and the final case for testing (Case 3) had a 

more classic fixed alpha loop in the sigmoid. We used the Magnetic Endoscope Imaging (MEI, 

ScopeGuide, Olympus), to record the route of the colonoscope (CF-H180DL, Evis Exera II video 

center CV-180, Olympus Medical System Ltd, Tokyo, Japan) when participants performed 

colonoscopies. The established CoPS was measured after each colonoscopy (9,10). The CoPS is based 

on the movement of the tip of the colonoscope as recorded by the MEI displayed on a monitor (Figure 

1). The score is reduced if the tip returns to a position already visited and increased if the tip 

continuously visits new positions (indicating progression along the colon).  

Intervention and randomization: 

Participants had no former experience with colonoscopy and were introduced by the same instructor to 

the colonoscope and the simulator, and were taught basic skills to handle the colonoscope correctly. All 

participants were given a standardized introduction of 30 minutes and randomized (by the instructor) in 

1:1 ratio to either the feedback group (FG) or the control group (CG). One investigator prepared 

numbered, sealed and opaque envelopes for the randomization. Both groups were allowed a maximum 

of 2 hours of practice without supervision. Participants were free to switch between the easy and the 

difficult case or stop the practice session and proceed to the final test whenever they wanted. 
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Participants in the FG were given the CoPS as the only feedback each time they reached the cecum. 

They were encouraged to score as high as possible, and for comparison a leaderboard presenting high 

scores from experts in colonoscopy was present. The CG was not given any feedback during practice. 

All participants performed once on the final case where they were allowed a maximum of 30 minutes 

to reach cecum. The CoPS in the final case was registered as zero if the participants did not reach the 

cecum within the time limit. Neither of the groups was aware of the primary outcome measure in the 

final case. 

The participants in the FG were asked to complete a questionnaire on motivation after the test. Figure 2 

gives a summary of the study design. 

 

Sample Size 

The sample size was calculated based on data from a previous trial (9). We assumed that participants in 

the FG would have a mean score of 75 points and in the CG 40 points, with a standard deviation 

estimated to be 36 points. A significance level of 5% and a power of 0.9 required 22 participants in 

each group.  

 

Performance measures: 

The primary outcome was the actual CoPS in the final case, and the secondary outcomes were as 

follows: (1) Time spent during practice measured from the insertion of the colonoscope in the physical 

phantom model and until the participants voluntarily stopped or the time limit was reached and (2) 
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Training pattern measured as times the cecum was reached during practice on the easy and the difficult 

case, respectively.  

 

Ethics 

The regional committee of ethics evaluated and approved the study (no. H-16039935). All participants 

were provided with oral and written information regarding the trial. Participation was voluntary; no 

material goods were donated to the participants. The trial was registered (October 13, 2016) at clinical-

trials.gov with trial identification number: NCT03248453. 

 

Statistics 

Statistical analysis was done with IBM SPSS statistics (PASW, version 22; SPSS Inc, Chicago, Ill). 

Univariate analyses were conducted to examine the randomisation of participants in the control and 

feedback groups. Comparison between groups was made using independent sample t-test for 

continuous data and the Pearson chi-squared test for categorical data. To control for confounding 

factors, multiple regression analyses were conducted to adjust for confounding factors including 

gender, to estimate the main effect of intervention. The correlation coefficient was calculated and tested 

for significance to determine the probability of factors being related. Logistic regression was conducted 

to examine the effect of case difficulty between feedback and control groups. The level of statistical 

significance was set at p < 0.05 for all tests. 
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Results: 

The data collection was conducted over a period of four months in 2016-2017. Forty-four physicians 

participated; there were no incomplete data sets in the final case. One participant in the CG ended the 

practice session early due to orthostatic hypotension, and one participant in the FG ended training early 

due to pregnancy-related nausea, but both were able to complete the final case. All participants reached 

cecum at least once during the practice session. Men scored significantly higher; men 37.6 (SD 25.9) 

and women 19.7 (SD 18.7), P = 0.012 (fig. 3). Although randomization of participants should have 

minimized confounding effects, we found an uneven sex distribution between groups (FG = 4 men and 

CG = 11 men, P = 0.026). To account for this issue, we used multiple regression analysis to adjust for 

sex and to estimate the intervention effect. 

Multiple regression analysis: Three regression analyses adjusting for sex were conducted to examine 

the effect of the intervention with the following: (1) CoPS in the final case, (2) time spent practicing, 

and (3) number of times the learner reached cecum during practice, as outcome variables. For CoPS in 

the final case, the difference in CoPS was significant with the FG scoring 14.4 points (95% CI, 1.2 - 

27.6) greater than the CG, P = 0.033. For time spent practicing, a t-test revealed a significant difference 

before adjusting for sex, with the FG practicing 103 minutes (SD 19)  and CG practicing 74 minutes 

(SD 25), P = 0.001. Men (76 minutes, SD 25) spent less time during practice compared with women 

(95 minutes, SD 25) (Fig. 4). When adjusting for sex, the difference remained significant, with the FG 

practicing 26 minutes (95% CI, 11.6 - 39.9) more than the CG, P = 0.001; the trainees in the FG and 

the CG reached the cecum during practice 5.5 (SD = 2.4) times and 2.6 times (SD = 1.6), respectively, 

P < 0.001. Adjusting for sex, trainees in the FG were able to reach the cecum 3.2 more times (95% CI, 
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2 - 4.5) during training than the CG, P < 0.001. Interaction effects between intervention and sex were 

not significant, confirming the reported intervention effects. 

Logistic regression: Logistic regression adjusted for sex was conducted to examine the likelihood of 

performing easy or difficult cases between the feedback and control group. Results show that the odds 

of the FG to perform the easy case in the first 5 cases was 2.1 times greater (95% CI, 1.1 - 4.1) than the 

CG, P = 0.022; the differences diminished when accounting for all 10 cases. Figure 5 shows the 

number of times participants reached cecum during practice. 

Number of times the cecum was reached was positively correlated to the time spent practicing (r = 0.4, 

P = 0.005) and CoPS in the final case (r = 0.4, P = 0.017). Figure 6 summarizes the choice of case-

difficulty during practice.  

Nineteen out of 22 participants in the FG completed the questionnaire (86%). Responses revealed that 

95% of the participants completing the questionnaire were motivated by the CoPS, but only 58% 

(11/19) felt motivated by the expert leaderboard because the expert scores felt unreachable. Nine 

participants (47%) believed they were affected by the CoPS when choosing case difficulty during 

practice. 

 

Discussion: 

Worldwide the numbers of simulation centers and simulation based training are increasing and it seems 

essential to investigate how to optimize the time spent on simulation based training without 

compromising the performance. Within the field of simulated endoscopy, training programs such as the 
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fundamentals of endoscopic surgery (FES) increasingly rely on simulation based practice before the 

trainees take the tests. The FES consist of 3 parts; didactic material in a web-based format, online 

written examination and a hands-on skill test on a simulator (12). Unsatisfactory pass-rates on the 

hands-on skill tests have led to the creation of simulation training systems and curricula (13). Self-

practice represents a major part of the preparation before the trainee is ready to take the examinations, 

and our study represents a method to optimize the time spent when novices engage the initial steps of 

learning a colonoscopy, the progression from anus to cecum. This randomized controlled trial provides 

evidence that a simple score of progression during simulated colonoscopy self-practice leads novices to 

improve performance, optimize time spent practicing, and change their training pattern to a more 

favorable learning approach compared with a control group not receiving feedback.  

In a study investigating the efficacy of a structured training program on insertion skills on the Kyoto 

Kagaku Colonoscopy Training model the participants spent 18 one-hour sessions spread across 9 weeks 

during which no performance related feedback was given (14). The performance related outcomes 

improved and the investigators concluded that future unsupervised training on the Colonoscopy 

Training Model is worthwhile. However, our study indicates that a feedback system has the potential to 

further improve the efficacy of training. Furthermore, a meta-analysis investigating the effect of 

different types of feedback in simulation-based medical education found that feedback given at the end 

of a training session increased long-term skill retention in novices compared with feedback given 

during a training session (5,15). Traditionally, supervisors are needed to provide feedback when 

training on realistic physical models using real colonoscopes. Supervisors are a scarce resource and our 

study shows that automatic, computerized feedback also has a positive effect. This finding aligns with 
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previous studies examining the effects of feedback in simulated training that demonstrated similar 

performance related outcomes regardless of the type of feedback (5).  

Without feedback and the opportunity of comparing with expert scores, participants in the CG were not 

aware of the gap between their own and the expert’s performance. The gap represented a reference-

scale and gave the participants a goal but also forced a judgment of one´s capability to progress within 

the time limit based on previous CoPS.  

Time spent during practice was significantly lower in the CG compared with the FG. This could be 

overcome by having trainees practice until a predefined proficiency level but a performance measure is 

also necessary for this approach and reaching the predefined goals may not be cost-beneficial when 

comparing time spent with skills gained. A randomized trial investigated instructor feedback versus no 

instructor feedback in a virtual reality simulated laparoscopy and found reduced time spent reaching a 

predefined proficiency level when given standardized instructor feedback (16). They concluded that 

feedback given by the instructor helped the participants to be more time-efficient and focus their 

learning and thereby reaching the proficiency goals faster. The control group was not given feedback 

by an instructor, but the simulator gave them performance related information at the end of each 

completed scenario. Our primary focus was not how we make the trainees practice more, but rather 

how we optimize the time spent and still increase performance scores. One interpretation of this might 

be that without feedback or goals given by a simulator or instructor participants are not motivated to 

practice longer as seen in our CG. 

Spending more time practicing seems a reasonable explanation for why the FG outperformed the CG in 

the final case, but the regression analysis examining the relationship between the intervention and time 

spent practicing revealed that time spent practicing in itself did not lead to the outperformance of the 
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CG. Participants in the FG repeated practicing on the easy case significantly more times than the CG. 

Participants in the FG deliberately chose to repeat practicing on the easy case (Figure 6 “Decision tree” 

generalizes decisions made based on group) as a consequence of getting feedback. Whereas the CG 

believed reaching the cecum on the easy case was the only success criteria and continued practicing on 

the difficult case instead. The expert leaderboard for score comparison made the FG aware of the 

performance gap and as a natural consequence repeated practicing on the easy case before taking a 

more technical challenge, the difficult case. A balance between the complexity and difficulty of a task 

has an impact on learner’s performance and learning (17). Progression from easy to difficult case 

scenarios during practice has previously shown improved performances, which partly explain why the 

FG outperformed the CG (17,18).  

Our results show that men outperformed women. Evidence suggests that men have an initial advantage 

compared with women when learning new technical skills such as colonoscopy but that the difference 

(at least) evens out throughout following training programs (19). Reasons suspected are the ability to 

comprehend objects in a three-dimensional space (visual-spatial ability) and translate that into 

movement, and interest related to a simulator task such as video games and ball games during 

childhood (19). Former studies indicate that one-on-one training favors the performance related 

outcomes for women compared with self-practice (16,19). First, this partly explains why the women 

didn’t gain as much when given a computerized feedback as compared with men; second, particpants 

had none or very little experience (average time since graduation was less than 1 year), and thus men 

had an advantage based on technical abilities. Performance and training related results at the level of 

residency is more complicated and do not show a clear difference between sexes,  although men do 

have a tendency to take more risks and women are more thorough (20,21). A large retrospective study 
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investigating adenoma detection rate (ADR) characteristics among physicians found a difference of 

4.2% (P = 0.02) between men and women, favoring the latter (20). These results support the theory that 

training and experience (at least) evens out the initial advantage that men may possess when learning a 

new technical skill.  

Hand size has been proposed to be part of the explanation for men to perform better. In a survey by 

Cohen et al(22) investigating the relationship between hand size and endoscopic learning, 227 of 1295 

gastroenterology fellows in the United States responded. Forty-one percent (93/227) considered their 

hand size too small for standard endoscope handle and 62% felt that small hand size affect performing 

endoscopy whereas 78% felt that learning was affected. They concluded that hand size is a factor when 

learning endoscopy and females, due to smaller hand size, would more likely be affected.  

Limitations to this study are that the CoPS is a score of progression from anus and to cecum, and the 

score only assess the technical performance of the colonoscopy during insertion. Correct insertion skills 

of the colonoscope is more than just progression of the tip, but also relevant use of suction, inflation, 

loop management, and body position changes during the procedure (23). One might fear that trainees 

get bad habits when competing against a computerized score of progression, such as forceful 

progression, but a recent study exploring the correlation between pain measured on a visual analog 

scale on patients and CoPS revealed a positive correlation, meaning that increasing CoPS represents a 

smooth and even progression of the colonoscope and not forceful progression (11). However, it is 

important to acknowledge that a good insertion is not enough to ensure a good procedure. One of the 

major goals when performing a colonoscopy is to see as much mucosa as possible thereby increasing 

the chances of seeing a potential disease – CoPS does not measure this clinically important issue. 
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Currently, the feedback system gives a final score based on the movement of the tip but real-time 

feedback regarding the whole length of the colonoscope could give the opportunity of assessing every 

step of the procedure and identifying specific issues that the learner can improve. We did not ask 

participants of their former gaming experience and because a link between video games and increased 

technical abilities have been postulated, even though results are conflicting (24), this might have 

affected our results.  

The sample size was large compared with other randomized training trials (8,17,25,26). All participants 

were interns or junior residents which should have reduced random errors such as performance linked 

interest and experience in endoscopy. However, including complete novices in endoscopy might have 

favorized men as previously discussed. One participant in the FG had former experience with 

esophagogastroduodenoscopy (n=16), which might have improved performance in the final test. 

Eliminating this participant from data still reveals a significant difference between groups with the FG 

scoring 13.8 (P = 0.043; 95% CI, 0.45 - 27.25) greater the CG. Our randomization was not balanced 

regarding sex distribution which should be considered in future studies. The similarities of the difficult 

case and the final case might have favored participants spending most time practicing on the difficult 

case, but this was not apparent in our data analysis. When introducing automatic feedback systems it is 

important to acknowledge that it is necessary to master more than just the technical skills to be 

competent in colonoscopy (27). An important limitation is that we did not test transferability to the 

clinical world and our data are limited by the lack of validated metrics for the clinical setting. However, 

a systematic review and meta-analysis studying the relationship between simulations based assessment 

and patient-related outcome has revealed a positive correlation meaning that simulation leads to 

improved clinical performance (28).  
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In conclusion, this study revealed that a simple computerized score of progression during self-practice 

in simulated colonoscopy leads the novices to, increase time spent practicing, changes the training 

pattern to a more rewarding approach, and improve the performance. Applying the Colonoscopy 

Progression Score as feedback may diminish the financial and personnel cost in colonoscopy training. 
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Tables: 

Table 1. Demographics and experience among participants 

Variable Control Group (n = 22) Feedback Group (n = 22) P value 

Mean age (range) 29 (25-38) 28.3 (26-32) 0.364 

Sex (Female/Male) F = 11 (50%) / M = 11 

(50%) 

F = 18 (82%) / M = 4 (18%) 0.026 

Mean years since 

graduation (range) 

0.8 (0-4) 0.9 (0-7) 0.912 

Mean colonoscopies 

performed (range) 

0 (0) 0 (0)  

Mean gastroscopies 

performed (range) 

0.2 (0-3) 1.9 (0-16) 0.252 

 

Figure legends: 

Figure 1 – Two different procedures on the final case (case 3, alfa loop), exemplified by a 

colonoscopy progression map. Left: a low Colonoscopy Progression Score (CoPS) from a novice 
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(CoPS = 15) with uneven progression. Right: a high score from an expert (CoPS = 8556) with 

even progression.  

Figure 2 - Summary of the study design. 

Figure 3 - Colonoscopy Progression Score in the final case between groups and sex. 

Figure 4 - Time spent practicing between groups and sex. 

Figure 5 - x-axis: Number of times a participant reached cecum during practice. y-axis: Number 

of participants.  

Figure 6 – Decision-tree of the training pattern showing how the participants in the two groups 

decided to practice. The intervention group performed the easy case several times before 

proceeding to the difficult case whereas the control group very quickly began training on the 

difficult case. 
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Acronyms 

CoPS = Colonoscopy Progression Score 

3D-CoPS = 3D-Colonoscopy Progression Score 

3D-CoRS = 3D-Colonoscopy Retractions Score 

FG = Feedback Group 

CG = Control Group 

SD = Standard Deviation 

P = alpha 

95% CI = 95% Confidence Interval 

MEI = Magnetic Endoscope Imaging 

 


