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ABSTRACT 
Hypothesis:  To quantify the effects of cognitive distraction on surgical task performance in 

residents and medical students using a laparoscopic surgical simulator. 

Design:  Within-subjects design. 

Setting:  A surgical skills laboratory. 

Participants:  Thirteen surgical residents and medical students volunteered for the study.  

Interventions:  Subjects performed six tasks on the Minimally Invasive Surgical Trainer – 

Virtual Reality (MIST-VR), under two different conditions (distracted and undistracted).  Task 

order remained the same for all subjects, but the order of distraction was counterbalanced.  In the 

distracted condition, distractions consisted of mental arithmetic problems posed sequentially so 

that subjects were continually distracted. 

Main Outcome Measures:  Time to task completion, surgical errors committed, economy of 

motion, and overall performance score were generated by the MIST-VR program software.  

Arithmetic error was not a factor in the overall performance score. 

Results:  Time to task completion was significantly greater when subjects were distracted.  This 

was true for all six tasks performed.  Overall score and economy of motion were negatively 

affected by distraction but the effect did not reach a level of statistical significance. There was no 

effect of distract on surgical errors. 

Conclusions:  Cognitive distraction appears to negatively influence the performance of 

laparoscopic surgical tasks by increasing task completion time.  Further study is required to 

determine what the effects would be on experienced surgeons and actual surgical outcomes. 
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INTRODUCTION 

Common sense would suggest that a surgeon’s peak performance can be affected by noise 

and other distracting activities in the operating room environment.  In fact, the operating room is 

a noisy and dynamic environment; sounds from phones, pagers, patient monitors, surgical 

equipment, background music, and conversation can be as high as 80-85 dB1,2.  However, even 

though noise is an environmental pollutant, it has been shown that surgeons’ performance on a 

surgical task simulator is not affected by loud noise (80-85 dB) or background music3.  

Furthermore, music has been shown to lower autonomic reactivity and increase speed and 

accuracy of a subtraction task for surgeons in a controlled environment, compared to no music at 

all4.  Therefore, a more likely candidate distractor for surgeons may well be of the cognitive type 

– when they are pressed to answer questions about a patient on another floor, make a scheduling 

decision, or predict the timing of their current operation.  In fact, a survey of orthopedic surgeons 

revealed they viewed “full focus” and “distraction control” to be important factors in attaining an 

excellent outcome5.  Research on the impact of distraction on performance has largely been 

limited to measuring the effects of distraction on purely cognitive tasks (i.e., memorization or 

reading comprehension tasks)6,7,8,9 or purely motor ones (i.e., walking on a treadmill or finger-

tapping)10,11,12.  These studies have successfully demonstrated performance decrements in various 

cognitive and motor tasks when a cognitive distraction was imposed.  One study specifically 

compared the effects of using a secondary cognitive task to distract subjects while performing a 

primary cognitive task and found that the effect of a secondary cognitive task was similar to the 

effect of lorazepam (a depressant) use concurrent with primary task performance9.  Laparoscopic 

surgery, however, is a complex task likely involving both motor and cognitive functions and 

utilizing multiple areas of the brain concurrently.  This study aims to determine the effects of 
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cognitive distractions on laparoscopic surgical task performance, using the Minimally Invasive 

Surgical Trainer – Virtual Reality (MIST-VR), a validated surgical training simulator13.  

 

MATERIALS AND METHODS 

Thirteen medical students and surgical residents were recruited for this study.  The study 

was approved by the hospital Institutional Review Board.  All subjects had been previously 

trained once on the MIST-VR and were given an opportunity to watch the “demo” for each task 

before the experiment.   

Subjects completed one trial each of six simulated laparoscopic surgery tasks on the 

MIST-VR in both distracted and undistracted conditions.  For a description of tasks, see Table 1.  

The order of tasks remained the same for all subjects, but the order of distraction was 

counterbalanced.  During each trial where subjects were distracted, the experimenter posed a 

series of arithmetic problems (e.g., What is 11 x 14?) to be solved without external aid.  The 

difficulty level of these arithmetic problems was kept at a medium level to ensure sufficient 

loading of surgeons’ cognitive resources, yet not too difficult to prevent performance.  This 

would also serve to confirm our assumption that laparoscopic surgery requires cognitive 

functions in addition to motor skills.  As soon as one problem was solved and reported verbally 

by the subject, another was posed so that subjects were continually distracted.  If a problem was 

answered incorrectly, the participant was asked to “try again”.  The question was repeated when a 

subject appeared to stop working on the arithmetic problem.  The number of errors committed 

and the number of problems solved were recorded for each task but did not figure into the 

performance score.  Spontaneous comments or questions by subjects were answered as briefly as 

possible. 
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Measurements of performance were tracked and recorded by the MIST-VR software 

program.  They were time to task completion, number of errors committed, economy of motion 

and an overall performance score.  Single factor ANOVAs were conducted on each performance 

measure for all six tasks.  The level of statistical significance was set at p=0.05. 

The study was performed in the Surgical Skills Research Laboratory in a hospital, an 

environment that is relatively quiet but not immune to the sounds of passersby, overhead 

announcements, and phones ringing.  This environment was the same for all subjects, no unusual 

amounts of noise or other distractions were noted. 

 

RESULTS 

We found a significant increase in the time to task completion for all six tasks in the 

distracted condition compared with the undistracted condition (See Figure 1 and Table 2).  

Analysis of the economy of motion (see Figure 2) and overall score (see Figure 3) data for all 

tasks showed a clear trend towards poorer performance when subjects were distracted.  However, 

the decrement failed to reach a level of statistical significance (set at p < 0.05).  This trend was 

reflective of the percent change calculated between distracted and undistracted trials for all 

performance parameters.  Examination of the data for distracted vs. undistracted time showed a 

30-40% change in time to task completion.  Economy of motion showed a clear but modest 

increase of 15-25%, depending on the task.  Overall score had a widely variable difference for 

different tasks, from 20-40%.  Post-Hoc analysis was conducted to determine if more 

complicated or more difficult tasks showed a greater effect than simpler ones, but the task type 

did not appear to consistently influence the decrement caused by distraction.  Errors (as 
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predetermined by the MIST-VR software) did not show a consistent variation based on the 

presence or absence of distraction. 

 

DISCUSSION 

It would seem to be self-evident that surgeons would perform best when they are allowed 

to fully concentrate on an operation without being distracted.  However, given the time pressures 

and busy practices of today’s surgeons and hospitals, such an environment would be an unusual 

luxury.  In fact, it is routine in most operating rooms for the surgeon or assistants to be 

interrupted several times to answer questions, make a decision on an unrelated matter, or to 

predict the timing or schedule of his or her day.  Even within an operating team, attending 

physicians often teach by using the Socratic method.  This questioning creates not only a purely 

auditory distraction, but a cognitive one as well.  The operator must think about the answer while 

simultaneously thinking about the case at hand, and continuing the motor task of operating. 

Previous research has demonstrated the negative effects of cognitive distraction on 

performance of cognitive and motor tasks.  This study looked at virtual reality laparoscopic 

surgical simulation tasks that combine motion and cognition, designed to replicate the levels of 

cognitive and motor demands in surgical procedures.  A number of studies have validated the 

MIST-VR as a useful tool for training surgeons and surgical residents13-20, and additional work 

has shown that the MIST-VR system successfully discriminates between skill levels and thus 

may be used for analysis of surgical skills21-24.   

Our results showed a clear difference between distracted and undistracted task 

performance.  However the magnitude and consistency of the difference varies with the 

performance parameter that was measured.  Time proved to be the parameter most sensitive to 
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the influence of distraction – all tasks showed a statistically significant increase in task time when 

subjects were distracted.  Our observations suggested that this was because participants would 

pause their surgical task briefly when they were given a cognitive distraction.  According to 

Baddeley’s multiple resource model in information processing25, our results suggest that the 

arithmetic problem was competing with the laparoscopic task for cognitive resources, confirming 

our assumption that laparoscopic tasks require cognitive functions in addition to motor functions.  

This result is similar to that observed in a study of students who attempted to complete 

homework while watching television7.  In that British study, homework performance suffered 

because students paused to look at the TV and then continued work.  Our scores for economy of 

motion also suffered when participants were distracted –because the pause is an inefficient 

motion or because tools are rarely held completely still during such pauses.  The overall score is 

comprised of these parameters (plus a score for errors) so it is not surprising that the overall score 

showed a decrement during distracted tasks as well.   

Surgical errors, as calculated by the MIST-VR software program, were also measured but 

did not show a consistent or significant increase when subjects were distracted.  We hypothesize 

that this, too, was the result of the subjects’ tendency to pause work while solving their arithmetic 

problem.  Though a pause took time and was inefficient, movements occurring during such a 

pause were slight and no errors were recorded.  In addition, it did not appear that the shifting of 

attention back and forth in and of itself led to errors.  This was in contrast to the result of other 

studies, which showed that a distraction that caused an attention shift led to increased errors in 

performance of both cognitive8 and motor10,12 tasks. 

While a clear trend towards worsening performance was observed in the distracted 

condition, only the time parameter showed a statistically significant difference.  There was a 30-
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40% increase in task completion time in the distracted vs. undistracted condition, compared with 

only a 15-20% increase in distracted vs. undistracted economy of motion score (the results for 

overall score were variable, with a 20-40% difference, and not all tasks reaching statistical 

significance).  Because the trend is so clear but the percent change is small, we believe that 

enrolling additional subjects will allow us to increase the power of our study. 

One of the limitations of this study is the fact that there was only one level of difficulty in 

the cognitive distraction.  Graded levels of cognitive difficulty are needed to fully represent the 

range of distractions a surgeon faces in the OR.  Further studies are also needed to determine the 

cumulative effect of all distractions in the operating room, especially given the beneficial effect 

of background music4.  Even if surgical task performance is worse, it remains to be seen if there 

would be an actual effect on surgical outcomes.  Furthermore, experienced and expert surgeons 

should be studied, as it is entirely possible that experienced surgeons are better able to “block 

out” distracting factors in the environment.    

 

ACKNOWLEDGEMENTS 

This work was supported by the National Science Foundation under Grant #0238284.   

 



 9 

REFERENCES 

1. Shapiro RA, Berland T:  Noise in the operating room.  N Engl J Med. 1972;287:1236-

1238. 

2. Hodge B, Thompson JF:  Noise pollution in the operating theatre.  Lancet 1990;335:891-

894. 

3. Moorthy K, Munz Y, Undre S, Darzi A:  Objective evaluation of the effect of noise on the 

performance of a complex laparoscopic task.  Surgery 2004; 136:25-30. 

4. Allen K, Blascovich J:  Effects of music on cardiovascular reactivity among surgeons.  

JAMA 1994;272(11):882-884. 

5. McDonald J, Orlick T, Letts M:  Mental readiness in surgeons and its links to 

performance excellence in surgery.  J Ped Orthopedics. 1995;15(5):691-697. 

6. Graydon J, Eysenck M:  Distraction and cognitive performance.  Eur J Cogn Psychol. 

1989;1(2):161-179. 

7. Pool M, Koolstra C, van der Voort T:  Distraction effects of background soap operas on 

homework performance: An experimental study enriched with observational data.  Educ 

Psychol. 2003;23(4):361-380. 

8. Pool M, Van Der Voort T, Beentjes J, Koolstra C:  The impact of background television 

on the performance of easy and difficult homework assignments.  Pedagogische Studien. 

1999;76(5): 350-360. 

9. File S: A comparison of the effects of a secondary task and lorazepam on cognitive 

performance.  J Psychopharmacol. 1992;6(2):258-264. 



 10 

10. Weerdesteyn V, Schillings A, van Galen G, Duysens J:  Distraction affects the 

performance of obstacle avoidance during walking.   J Motor Behavior. 2003;35(1):53-

63. 

11. Singh M:  Right hand tapping disruption in concurrent reading and performing 

mathematical operations.  Psychological Studies. 1989;34(2):84-86. 

12. Cremer M, Ashton R:  Motor performance and concurrent cognitive tasks.  J Motor 

Behavior. 1981;13(3):187-196. 

13. Seymour N, Gallagher A., Roman S, et al.  Virtual reality training improves operating 

room performance:  results of a randomized, double-blinded study.  Ann Surg. 

2002;235(4):458-463. 

14. Torkington J, Smith S, Rees B, Darzi A:  Skill transfer from virtual relaity to a real 

laparoscopic task.  Surg Endosc. 2001;15:1076-1079. 

15. Grantcharov T, Kristiansen V, Bendix J, Bardram L, Rosenberg J, Funch-Jensen P:  

Randomized clinical trial of virtual reality simulation for laparoscopic skills training.  Br 

J Surg. 2004;91: 146-150.  

16. Jordan J, Gallagher A, McGuigan J, McClure N:  Virtual reality training leads to faster 

adaptation to the novel psychomotor restrictions encountered by laparoscopic surgeons.  

Surg Endosc 2001;15: 1080-1084. 

17. Strom P, Kjellin A, Hedman L, Johnson E, Wredmark T, Fellander-Tsai L:  Validation 

and learning in the procedicus KSA virtual reality surgical simulator:  Implementing a 

new safety culture in medical school.  Surg Endosc 2003;17: 227-231. 

18. Hamilton E, Scott D, Fleming J, et al. Comparison of video trainer and virtual reality 

training systems on acquisition of laparoscopic skills.  Surg Endosc 2002;16: 406-411. 



 11 

19. Pearson A, Gallagher A, Rosser J, Satava R:  Evaluation of structured and quantitative 

training methods for knot tying.  Surg Endosc 2002;16:130-137. 

20. Gallagher A, Satava R:  Virtual reality as a metric for the assessment of laparoscopic 

surgical skills.  Surg Endosc 2002;16:1746-1752. 

21. Grantcharov T, Bardram L, Funch-Jensen P, Rosenberg J:  Learning curves and impact of 

previous operative experience on performance on a virtual reality simulator to test 

laparoscopic surgical skills.  Am J Surg 2003;185(2):146-149. 

22. Gallagher A, Lederman A, McGlade K, Satava R, Smith C:  Discriminative validity of the 

Minimally Invasive Surgical Trainer in Virtual Reality (MIST-VR) using criteria levels 

based on expert performance.  Surg Endosc. 2004;18(4): 660-665. 

23. Grantcharov T, Rosenberg J, Pahle E, Funch-Jensen P:  Virtual reality computer 

simulation:  An objective method for the evaluation of laparoscopic surgical skills.  Surg 

Endosc 2001;15:242-244. 

24. Ahlberg G, Heikkinen T, Iselius L, Leijonmarck C, Rutqvist J, Arvidson D: Does training 

in a virtual reality simulator improve surgical performance?  Surg Endosc 2002;16:126-

129. 

25. Baddeley AD:  Exploring the central executive.  Quarterly Journal of Experimental 

Psychology 1996;49A:5-28. 

 

Address reprint requests to: 

Caroline Cao, Ph.D. 

Department of Mechanical Engineering 

Tufts University 



 12 

Medford, Massachusetts 02155   

Email: caroline.cao@tufts.edu 

 



 13 

TABLES 

 

Table 1.  Description of Tasks using the MIST-VR. 

 

Task Abr. Task Name Task Description 

AP Acquire-Place Target is grasped with a tool and placed in a box 

WI Withdraw-Insert Target is grasped with a tool, touched with the opposite tool, 

and then held in a steady position inside a box while the second 

tool is withdrawn from the screen, reinserted, and touches the 

target again. 

DT Diathermy A cautery tool (with foot pedal) is used to cauterize a stationary 

target 

MD Manipulate-

Diathermy 

Target is grasped with a tool and held in place while the other 

tool touches the target, is withdrawn, and then is used to 

cauterize the target while it is being held steady within a box by 

the other hand. 

SS Stitch Start A needle is grasped and a suture is placed through tissue at a 

specified location 

HSK Half Square Knot A needle is grasped and a single-throw knot is tied using an 

intracorporeal technique 
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Table 2. Effect of cognitive distraction on task performance. 

 

 AP WI DT MD SS HSK 
Time (sec)  
Distracted 18.2 24.9 31.8 54.8 188 219 
Undistracted 12.3 16.8 19.7 37.1 126.4 129.2 
p-value 0.005 0.0028 0.00028 0.015 0.02 0.02 
% change 32 33 38 32 33 41 
 
Economy of 
motion 

 

Distracted 6.7 5.1 6.2 4.8   
Undistracted 5.4 4.1 4.6 4.1   
p-value 0.25 0.12 0.025 0.27   
% change 19 20 26 15   
 
Score  
Distracted 32 37.7 51.7 116 209.2 239.5 
Undistracted 26.1 29.7 32.2 91.3 141.2 143.98 
p-value 0.2 0.1 0.001 0.1 0.01 0.029 
% change 18 21 38 21 33 40 
 
Errors  
Distracted 7.6 9.2 56.5 13.7 21.2 20.5 
Undistracted 8.4 9.8 50.1 7.9 14.8 14.8 
p-value 0.8 0.9 0.6 0.2 0.08 0.3 
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LEGENDS OF FIGURES 

 

Figure 1.  Distracted vs. undistracted task completion times.  All task completion times were 

greater for distracted compared to undistracted tasks.  All differences were statistically significant 

at a p <0.05.   

 

Figure 2.  Distracted vs. undistracted economy of motion score.  Lower score indicates better 

performance.  Suturing tasks (SS and HSK) did not record data on economy of motion.  A trend 

was present suggesting worse performance when subjects were distracted.  

 

Figure 3.  Distracted vs. undistracted overall score.  Lower score indicates better performance.  

Overall score is a combination of task time, number of errors, and economy of motion.  A trend 

towards worse performance when subjects were distracted was observed.   

 

Figure 4.  Distracted vs. undistracted total errors.  Lower score indicates better performance.  

There was no clear indication of a difference in performance as a function of distraction. 
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FIGURES 
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Figure 2 
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Figure 3  
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Figure 4 
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