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Abstract	  
	  

Aim: Laparoscopic surgery is getting more and more important. Compared with open surgery there 

are several advantages of laparoscopic surgery for instance fewer complications and a decreased 

postoperative hospital stay. Especially important during the initial learning phase of surgeons are 

cognitive abilities. They can be trained and tested on virtual reality simulators for laparoscopic 

surgery. In the current study the relationship between cognitive abilities and performance on a 

laparoscopic simulator is examined. It is expected that visuo-spatial ability and spatial memory are the 

best predictors for initial performance on a laparoscopic simulator. The findings could be used to 

develop training and assessment for surgeons, which consequently could decrease complications 

during laparoscopic surgery. 

Method: 28 participants had to do cognitive aptitude tests on a computer to measure visuo-spatial 

ability, spatial memory, reasoning ability and processing speed. After that participants had up to 6 

session of 30 minutes time on a virtual reality simulator for laparoscopic surgery. They had to pass 

two tasks on the simulator (“cutting” and “clip applying”). For the data-analyses different regression 

analyses were performed. 

Results: Processing speed has the highest correlation with performance. On the cutting task there is a 

significant correlation between processing speed and tissue damage. The correlations between visuo-

spatial ability and spatial memory with the dependent variables of performance are weak.  

Discussion: The cognitive abilities had only limited predicting values in this study. The best 

predictors were processing speed and reasoning ability. The expectations could not be confirmed. 

Visuo-spatial ability and spatial memory had only weak a relation with performance. It is possible that 

the results are mediated by technical problems with the simulator. The results show that the relations 

between cognitive abilities and performance on a simulator are complex. It is necessary to do more 

research on this topic in order to develop suitable assessment and training for surgeons. 
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4 

	  

Introduction	  
 
Nowadays surgeons use minimally invasive surgery to a greater extent than ever before. In  

the past ten years there has been a remarkable increase in the usage of minimally invasive 

surgery and this development is ongoing in the future (Lee-Kong & Feingold, 2013). 

Therefore research on this kind of surgery is getting more and more important.  

One kind of minimally invasive surgery is laparoscopic surgery. In this kind of 

surgery a small incision near the navel is made for the surgical equipment such as scissors or 

tools for cauterization as well as a laparoscope with a camera (Zadeh & Daftary, 2004, 

Luursema, Buzink, Verwey & Jakimowicz, 2012). The pictures made by this camera are 

displayed on a monitor. Via this monitor the surgeon is getting insight into the tissue and the 

target area (NICE, 2004).  Handling the instruments, camera and display at the same time is 

difficult and leads to problems with for example the hand-eye coordination and navigation 

during the surgery (Gallagher & Smith, 2003). Research has shown that learning and training 

of minimally invasive surgery is more difficult than for open surgery. Additionally research 

indicates that there could be a relation between the learning curve and the surgeon’s cognitive 

abilities (Gallagher & Smith, 2003). The results of this study could be very useful in the 

future as they can be used to develop tools for training or selection and assessment of 

surgeons in minimally invasive surgery (Carroll, Kennedy, Traynor & Gallagher, 2009).  

Minimally invasive surgery differs from open surgery in several ways and it has got 

some advantages compared to open surgery. The postoperative hospital stay after a 

laparoscopic surgery is up to 32 percent shorter than after an open surgery. Furthermore there 

are no special preparations necessary before the operation, for this reason the total stay in the 

hospital is also shorter. Relating to mortality and morbidity no difference has been detected 

(Veldkamp, 2005; King, 2006). Using minimally invasive surgery also less postoperative 

complications and infections arise (Aziz, 2006). Last but not least patients describe 

laparoscopic surgery as quite acceptable ( King, 2006).  

 Although there are several positive aspects about laparoscopic surgery, there are also 

some disadvantages in comparison with open surgery. One example is that the average time 

for a laparoscopic surgery is 30 minutes longer than for an open surgery (Veldkamp, 2005).  

In comparison with normal surgery there are fewer complications during laparoscopic 

surgery, but the reasons for the complications differ from those that appear during open 
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surgery. During laparoscopic surgery complications with the equipment can occur, for 

example when the camera or the display is not properly working. Furthermore there are 

perceptual problems which do not occur in open surgery. They arise mainly through the fact 

that surgeons have to work with the 2D monitor image during the surgery. The surgeons have 

to interpret this picture made by a single camera source and translate it into 3D information. 

Usually depth is created by the two different views of the eyes, called binocular information. 

Missing this depth information, the display contributes to the spatial problems of the surgeon. 

Furthermore the fact that the surgeon has  to view on the monitor which displays the surgery 

in a different perspective and magnification makes the hand – eye coordination much more 

difficult, which can lead to complications (Gallagher & Smith, 2003). Besides that, one of the 

main problems is the fulcrum effect created by the body wall. A movement to the left side is 

displayed as a movement to the right, which leads to disorientation (Gallagher & Smith, 

2003). So a paradoxical movement can occur. In addition tactile and haptic feedback are 

missing. Those problems are making the surgery more difficult and can lead to complications 

if they are not handled in a right way (Gallagher & Smith, 2003). 

Even though there are spatial problems and difficult circumstances during minimally 

invasive surgery, surgeons can be trained and get more experienced so that they would make 

fewer mistakes. Therefore it is important to improve introduction, selection and assessment of 

surgeons. The aim of this study is to understand the learning processes. From investigation we 

know that 90% of the complications occur during the first 30 minimally-invasive surgeries of 

a surgeon (The Southern Surgeons Club, 1995). Training for open operations happens mostly 

in the operation room. Beginners observe surgeries of professionals. After they have observed 

for several times, they are allowed to perform surgery on their own (Ahlberg et al., 2007). 

Ahlberg et.al (2007) stated that this way to train open surgery is inadequate for minimally 

invasive surgery. This is due to the fact that surgeons cannot learn to handle the special 

circumstances of minimally invasive surgery through observation, because they only see what 

is happening on the display. This way they cannot get a sensation about how deal with special 

problems like the fulcrum effect (Ahlberg et al, 2007).   

Ahlberg et.al (2007) explain that the learning and education of novice surgeons can be 

improved through training via virtual reality simulators. Feldman, Sherman and Fried (2004) 

agree with that and state that training with a simulator is the best way because minimally 

invasive surgery can be simulated well and without dangers. Seymour, Gallagher, Roman, 

O'Brien, Bansal and Anderson (2002) have shown that surgeons trained for laparoscopic 

surgery with a virtual reality simulator are slightly faster in real surgery than surgeons trained 
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in a standard way. Additionally the mean number of errors occurring during a surgery is 

significantly greater when people are trained in the standard way then via the simulator. Using 

those simulators it can be seen that the learning process and performance times to reach 

expertise are much faster for open surgery than for laparoscopic surgery (Spaun, Zheng, 

Martinec, Arnold, Swenstroem, 2010). This can also be seen in the learning curves of surgical 

trainees. Novice surgeons are getting faster and making fewer mistakes after they have done 

several training sessions on a simulator (Voitk, 2001). Simulators are a good possibility to 

train surgeons and they are valid to measure the performance of surgeons. For this reason in 

this study we also use virtual reality simulators.  

Although the simulator gives good guidance to practice laparoscopic surgery there are 

differences how fast people reach a professional level of minimally invasive surgery (Seymor 

et al., 2002, Gallagher et al., 2003). One reason for those differences can be personal 

cognitive abilities (Gallagher et al., 2003). There are several studies performed on this topic. 

A meta analysis of Maan et al., (2012) shows that the effects of cognitive abilities on surgical 

performance is not clearly investigated until now. This study will concentrate on four 

cognitive factors which contribute to the performance on the virtual reality simulator showing 

laparoscopic surgery to a great extent. These are: visuo-spatial ability, spatial memory, 

reasoning ability and processing speed. Visuo-spatial ability describes the capability to rotate 

or change mental representations. There is evidence that the visuo-spatial ability of a person 

affects the performance on the virtual reality simulator (Luursema, Buzink, Verwey & 

Jakomiwicz, 2010; Ritter, McClusky, Gallagher, Enochsson & Smith, 2006). Luursema et al. 

(2010) have shown that the visuo-spatial ability can be a predictor for performance on the 

simulator. It has influence on the duration of the training, the motion efficacy and the damage. 

Visuo-spatial ability has different aspects (Luursema et al., 2010).  

Research has also shown that the spatial relation is a high important factor for 

laparoscopic surgery (Conrad et al., 2010).  Spatial visualization is a factor of visuo-spatial 

ability (Luursema, 2010). Spatial relation is a predictor for success in laparoscopic surgery. 

An interesting fact is, that this effect decreases with increased experience of the surgeon, this 

means that especially the first performances are influenced by spatial relations (Conradet al., 

2006). Another cognitive factor influencing the performance of the surgeon seems to be 

spatial memory. Spatial memory is defined as the ability to record and store information about 

objects in the environment and where they are. The spatial memory of surgeons is affected 

through the high load of information they have to remember during a laparoscopic surgery. A 

higher load of the visual memory affects the capabilities and leads to more errors (Stefanidis 
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et al., 2007). Spatial memory is closely associated with spatial relations. Conrad et al. (2006) 

investigated that the abilities for spatial memories are lower when at the same time abilities of 

spatial relations are affected. During a laparoscopic surgery this can happen when the camera 

axes are changing (Conrad et al., 2006). The third cognitive factor is perceptual speed. 

Perceptual speed means the ability to compare things quickly and to identify if they are equal. 

Perceptual speed seems to influence the learning process of complex tasks which need a high 

level of speed and precision (Ackerman & Beier, 2007; Luursema, 2010). Furthermore, 

reasoning ability is a part of the cognitive abilities affecting the performance during 

laparoscopic surgery. Beginners seem to be affected by this ability in a greater extend because 

the influence is decreasing with training (Keehner et al., 2006). Therefore it could be expected 

that beginners with a lower reasoning ability would make more mistakes. We know from 

investigation that results on this topic are influenced by whether the different cognitive 

abilities are analyzed on their own, or the effect is measured while some cognitive abilities are 

working together.  

Some of the cognitive abilities are part of the same construct like visuo-spatial ability 

and spatial memory (Conrad et al., 2006). Therefore it is necessary to measure that. As we 

have seen from analyzes, the effect of some of those cognitive abilities decreases with more 

practice (Keehner et al., 2006). Furthermore we know that most of the errors occurring during 

laparoscopic surgery are happening during the first sessions of a surgeon (Gallagher & Smith, 

2003). For this reason the current study is focusing on the first session on the simulator. This 

is also important for selection and assessment of surgeons.  To predict the performance during 

this first session on the simulator we know from previous studies that two factors seems to 

have a high influence. Firstly visuo-spatial ability seems to be a crucial factor for beginners. 

Proven by a lot of studies, the effect reduces with more practice (Luursema, 2010; Keeher, 

2006; Luursema, 2012). Secondly spatial memory is an important factor. Spatial memory 

seems to correlate with the performance of beginners on the simulator (Luursema, 2010). For 

this reason the aim of this study is to predict the initial performance on a virtual reality 

simulator with cognitive ability tests measuring the visuo-spatial and spatial ability.  

There are already studies that tested the influence of cognitive abilities on surgical 

performance but the results of those studies are controversially (Maan, Maan, Darzi & 

Aggarwal, 2012). When testing novice surgeons Wenzel et al. (2003) found a correlation 

between visuo-spatial ability, surgical performances and the time to complete the tasks. In a 

different study of Van Herzeele (2010) visuo-spatial ability did not correlate with the initial 

performance. Groenier, Schraagen, Miedema & Broeders (2013) investigated that visuo-
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spatial ability mediates the results in duration and motion efficacy but not in damage. Another 

study from Luursema et al. (2012) investigated a relation between visuo-spatial ability in 

damage and motion efficacy. Different studies searching for influence of spatial memory 

found same controversial results. Hanluck (2002) found a correlation between visual memory 

and performance during minimally-invasive surgery. Those results are contradictory to  the 

conclusion of a study from Wenzel (2002) who found no correlations. In recent studies 

Luursema (2010; 2012) showed a relation between spatial memory and the initial 

performance on a laparoscopic surgery task. Groenier et al. (2013) confirmed those findings. 

Corrected for the influence of other cognitive variables, spatial memory seems to influence 

the damage during a simulated laparoscopic surgery. Due to these controversial findings it is 

even more important to validate the correlation between cognitive abilities and performance. 

 One reason for the contradictory findings is the use of different methods in those 

studies (Maan et al., 2012). The researchers used different tests to measure the cognitive 

abilities and different simulators and tasks to measure the performance during minimally 

invasive surgery. To replicate the findings of correlations between cognitive abilities and 

initial performance on a simulator this study will work with methods used in studies from 

Luursema (2012) and Groenier (2013). These studies are chosen because they are most 

current on this topic and showed a significant correlation between cognitive abilities and 

performance on a simulator. Similar to the studies of Luursema (2012) and Groenier (2013) 

the simulation in this study will be done on a  LapSim simulator showing a cholecystectomy 

procedure. This surgery is chosen for two reasons. The cholecystectomy is one of the most 

done surgeries and the procedure is good and realistic represented on the simulator (Schijven 

et al., 2005). To measure the performance on a cholecystectomy procedure two steps of this 

surgery are chosen: the clip applying and the cutting. Both are available on the LapSim 

simulator. These two steps are closely related in a realistic surgery and demand different skills 

and actions   during the surgery (Yiasemidou, Glassman, Vasas, Badiani & Patel, 2011). 

Furthermore, the two steps are suitable as a predictor for the performance on the whole 

cholecystectomy surgery (Schijven et al., 2003). To measure the cognitive abilities this study 

will make use of cognitive aptitude tests that were also used in one or both of those studies. 

Visuo-spatial ability and spatial relations can be tested with the mental rotation test used in 

both studies (Vandenberg & Kuse, 1978; Luursema, 2012; Gronier 2013). To validate the 

findings visuo-spatial ability will be also measured with the paper folding test (Ekstrom et al., 

1976), used by Groenier (2013). To measure spatial memory we will use the Corsi block 

tapping test (Corsi, 1972), also used by Groenier (2013). To find out the role of perceptual 
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speed both studies used the same identical pictures test (Ekstrom et al., 1976; Groenier, 2013, 

Luursema, 2012), that is why this test is adopted in the current study. The reasoning ability 

will be measured with the Raven progressives Matrices Advanced (Raven, 1965) used by 

Groenier (2013).  

Knowing the results from former studies, we expect that visuo-spatial ability and 

spatial memory are the best predictors of initial performance of the first session. Furthermore 

we expect 1) a correlation between visuo-spatial ability, duration and motion efficacy during 

the first session and 2) a correlation between spatial memory and the initial performance of 

damage and motion efficacy. 

 

Method	  
Participants	   

28 students of the University of Twente participated in this experiment. 3 were male, 25 were 

female. The mean age was 22 (range 19-24). Two of them were left-handed and 9 of the 

participants reported that they had corrected to normal vision. The participants had no prior 

experience with laparoscopic surgery. 10 participants reported that they had done a cognitive 

ability test before. All participants signed an informed consent document (appendix A). 

 

Materials1	  
 

Cognitive ability tests 

The cognitive abilities tests were adapted computer versions of paper and pen tests. All tests 

are programed in E-Prime 2.0, except the PicSor test that ran in a separate program. 

 Reasoning ability was measured with Raven’s Progressive Matrices (Raven, 1965). In 

this case we made use of the advanced version of the test. In every trail of this test there were 

8 symbols which differ from each other by an underlined rule. The participants had to 

understand this rule and  choose one of the 8 symbols which would fit according to this rule. 

                                                
1 Manual  

The investigation was done with the "Manual for the Validation of the Twente Endsocopic Skills Test" 

study. In this handbook all procedural steps are described (See appendix A) 
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First there were two practice exercises, than the actual test run with 18 exercises with a time 

limit of 60 seconds per trail. An example is given in Figure 1.  

 

                   
 Figure 1: Raven’s Progressive Matrices 

 

 

 Another way to measure spatial relations was the Paper Folding Test. During this test 

the participants had to fold paper sheets mentally (Ekstrom et al., 1976). A figure presented 

on the left side of the screen is folded one or more times and punched with several holes. On 

the right side there were 5 figures of unfolded papers. Participants had to decide which 

unfolded figure is equal to the folded one  on the left side. There were 25 trails with a time 

limit of 15 seconds per trail. Figure 2 shows the explanation picture of the paper folding test. 

 

 
Figure 2: Paper folding test 
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Spatial relations was measured with the Mental Rotation Test (Vandenberg & Kuse, 

1978). In this test participants saw two three-dimensional figures consisting of several cubes. 

The figures are rotated vertically. The participants had to decide whether the figures are 

identical or whether there exist two different figures. The answer was recorded with a button 

press on a keyboard, if  the  figures  were  different they had to press button v 

(“verschillend”), if they were  equal button z (“zelfde”) had to be pressed. An example is 

given in Figure 3. The participants had   to practice 16 trails with feedback, 96 exercises 

followed  without feedback. 

 

                                    
Figure 3: Mental rotation Test 

 

 

Spatial memory ability was measured with the Corsi Block Tapping Test (Corsi, 

1972). During this test participants had to remember a sequence of 4 up to 9 blocks in 

different positions lighting up, turning their color from grey to red (Figure 4). After the last 

square lighted up the participants had to click on the squares in the same order they lighted up 

in the sequence previously. There were 20 sequences.       

                                  
Figure 4: Corsi Block Tapping Test 
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Perceptual speed was measured with the Identical Pictures tests (Ekstrom et al., 1976). 

In this test participants had to compare one figure on the left side with 5 figures on the right 

side and to identify quickly which of those 5 figures is equal to the one on the other side. The 

figure could be chosen with a click of the mouse cursor on it. The figures were hand drawn 

and showed for example a face or a house. Participants got 5 practice trails with feedback 

followed by 96 exercises divided into two blocks. Each block had a total time limit of 90 

seconds. An example is given in Figure 5. 

      
Figure 5: Identical Pictures Test 

 

Spatial relations was also measured with the Rotating shape test (Cooper, 1975). In 

this test participants had to rotate figures mentally, but the figures were only two- dimensional 

and had random outlines. In the same way like in the Mental Rotation Test participants had to 

press the keyboard buttons v and z after they had decided whether the figures are equal or not. 

There were six practice trials, followed by 4 blocks of 32 experimental trials with a time limit 

of 4 seconds per trail. Figure 6 shows two rotating shapes. 

 

 
Figure 6: Rotating shapes 

 

 

In the PicSOr test which measures the perceptual ability (Gallagher et al., 2003) a 

rotated cube is presented. A springing arrowhead is touching the surface of the cube. The 
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participants had to move the arrowhead with the keys “up” and “down” on the keyboard to 

adjust the position of the arrowhead until the arrow stood perpendicular to the surface of the 

rotated cube. They had to confirm the position by pressing “Enter” (Figure 7).  After the 

participants could practice 4 trails with feedback they had to do the exercise version 

consisting of 35 trails.  

 

 
Figure 7: PicSor Test 

 

 

Simulator task 

The simulator tasks were done in the Experimental Centre for Technical Medicine (ECTM) of 

the University of Twente. There are three LAPSIM™ simulators running with the software 

version Surgical Science LAPSIM 2013. This simulator was chosen because research has 

shown that this surgical simulator has got good construct validity and that it can be useful for 

the purpose of training and assessment of laparoscopic surgery (Dongen et al., 2006). Visual 

feedback was provided via a Fujitsu p23-t monitor. The software on the simulator provided 

information and instructions about every task. The participants could read those instructions 

or watch videos about the surgery in reality and virtual reality. The experiences on the 

simulator were divided into two parts:  the cutting task and the clip applying task. The 

participants had to do it on the LAPSIM level “difficult”.  



14 

The aim of the cutting task was to grasp a blood vessel, cut different sections of it and 

release them in a target area. To grasp the vessel the participants had to use a “grasper” with 

their left hand and to cut different sections of the vessel with “ultrasonic scissors” with the 

right hand and by pressing a pedal (shown in Figure 8). If this was done successfully the 

participant was able to move the sections and release them in a target area. The laparoscopic 

camera was controlled automatically via the computer. When the participant had excised and 

released 4 sections the task was finished. The participants received feedback of their 

performance in different categories for example total time, drop failure, stretch damage and 

whether they had passed the task or not.  

 

 

 
Figure 8: Cutting task 

 

The second task was the LAPSIM Clip applying; objective of this task was to apply 

two clips at a vessel and to cut the vessel after that. There were different tools as selection in 

this task. The participants started with two “graspers”. They had to grasp the vessel with one 

grasper and apply a clip in a highlighted area with a “clip applier” with the other hand. After 

that they had to change the tools from one hand to the other and apply a second clip. If this 

was done successfully the participant had to change an instrument into one pair of scissors 

and divide the vessel into two parts (example given in Figure 9). After the participant had 

cleaned any blood and removed badly dropped clips the exercise was finished. In this task the 

camera was also controlled by the computer. After finishing the task the participants got 

feedback of  their performance, for example total time, badly dropped clips, blood loss and 

stretch damage  and whether they had passed the task or not. 



15 

  
 Figure 9: Clip applying task 

 

Procedure	  
The whole procedure of this study can be read in the "Manual for the Validation of the 

Twente Endoscopic Skills Test study" (see Appendix A). The important steps are described in 

the following. This study was constructed as proficiency based program and consisted of 

several steps, which can be divided over 2 days. Before starting with the experiment the 

participants got oral information by the examiner about the procedure of the study (for text 

see Appendix A). At first the participants had to fill in demographic questionnaire online via 

surveymonkey.com and needed about 2 minutes. After that the cognitive ability test was 

administered. The tests run about 45 to 60 minutes. The examiner read a short oral 

introduction out of the handbook, after that the participants got further instructions about the 

tests via the program (see appendix A). After having finished the cognitive aptitude tests the 

participants could have a break of about 10 minutes. Then the surgical simulator task 

followed. The aim of the simulator task was to pass both surgeries on level “difficult”. After a 

participant had passed both surgeries he or she could stop immediately. On the first day the 

participants did 3 sessions on the simulator, each lasting 30 minutes with a 5-minute break 

between the sessions. Before the first session started they had got a short introduction of the 

examiner about the program (see appendix A), the surgery and how to handle the simulator. 

After that they could read further instructions in the program or watch the explanation videos 

and start with the task. The tasks could be done in a variable order. The participants could 

decide this. If necessary they got feedback about their performance or ask the examiner 
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questions if something was unclear. He could also assist if something was not properly 

working. 

 

Data-analyses	  
For the analyses of the cognitive abilities tests the proportion scores of the separate tests were 

used. Those results were transferred to the composite scores of the four variables “visuo-

spatial ability”, “spatial memory”, “reasoning ability” and “processing speed”. To measure 

the performance on the simulator the values of the LapSim were used. The data of the first 

trail on a virtual reality simulator could represent the influence of the cognitive abilities on the 

initial performance best (Zhou, Tse, Derevianko & Jones, 2011). That is why they were 

chosen for the analyses. If other sessions had been used it is possible that effects of learning 

had changed the results (Zhou et al., 2011). Additionally differencescores between the first 

and the last trail on the simulator during the first session were used. Three constructs had been 

measured: time, motion efficacy and damage. The time construct is measured as the total time 

of the first trail on each task. For motion efficacy two variables out of the LapSim were used. 

That are the scores of the “angular path” (left and right) and of the “path length” (left and 

right). To combine both variables they were transferred to z-scores and the mean is used. To 

test the first hypotheses, visuo-spatial ability and spatial memory are the best predictors for 

the initial performance on the simulator, a linear regression analysis with the method “enter” 

was performed. This is to measure how the different tests separately predict the performance. 

There are different dependent variables to measure the initial performance. That are the 

duration of the task, the motion efficiency and the total damage. For this analyses data from 

the simulator were used. There are four independent variables, which can be used to predict 

the performance on the simulator: visuo-spatial ability, spatial memory, reasoning ability and 

processing speed. A multiple regression analyses was done additionally, to analyses how all 

tests together predict the performance.  Those analyses were done for the cutting task and also 

for the clip-applying task.  
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Results 
 

For the analyses of the cognitive abilities tests the composite score of the four variables 

“visuo-spatial ability” (M=0,426, SD =0,19), “spatial memory” (M=0,42, SD=0,16), 

“reasoning ability” (M=0,37, SD=0,17) and “processing speed” (M=0,88, SD=0,08) were 

used. It seems to be that the distribution of the values in the sample is an approximation of the 

normal distribution. For an example of the distribution see appendix B. Nevertheless it has to 

be mentioned, that the sample is not representative for the whole population, because the 

study is done only among psychology students.      

 It was checked if there is a difference between the performance of the people who 

started with the cutting task and those who started with the clipping task. At first it was 

thought about a t-test, but this was neglected because the majority (24 people) started with the 

cutting task. For this reason no correction was done. The regression analyses of the tasks were 

done with all 28 participants, if nothing different is mentioned. At first there were linear 

regressions done with only one predictor. Secondly there were multiple regressions performed 

with all predictors together. I decided to report the most relevant results and numbers 

according to Field (2009). 

 

Linear Regression 

Cutting task 
 

Time 

The mean time for the cutting task was 432,15 seconds respectively 7,2 minutes (SD= 265 

seconds respectively 4,42 minutes). The fastest participant did the task in 140 seconds, the 

slowest in 1375 seconds (22,92 minutes). The results of the linear regression with dependent 

variable “Time cutting task” and the independent variables of the cognitive aptitude tests are 

shown in Table 1. The largest correlation are between the duration of the cutting task and 

Perceptual speed (r²= 0,061, β=0,247, p=0,205) and reasoning (r²= 0,059, β = 0,242, 

p=0,216).  Visuo-spatial ability correlates rarely with duration (r²= 0,003, β =0,053, p=0,789). 

The distribution is shown in appendix C and illustrates the relation between visuo-spatial 

ability and the dependent variable time. This is also the case with a lot of other variables in 

this study. The results are not significant. 
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Tabel 1.  

 Cutting Task – Time  

 β 
 

r² Aangepaste r² Std. Error P 

VSA 0.247 0.003 -0.036 269.73 0.789 

Memory 0.019 0.000 -0.038 270.06 0.923 

Reasoning 0.242 0.058 0,022 262.11 0.216 

Perceptual 
speed 

0.247 0.061 0.025 261.75 0.205 

PicSOr 0.119 0.000 -0.038 270.067 0.927 

 

Motion 

The regression analyses of motion efficacy during the cutting task are done with z-scores. The 

range goes from -1,01 up to 3,15. The results can be seen in Table 2. Reasoning ability was 

the best predictor for the dependent variable motion efficacy in the cutting task (r²= 0,092, β = 

0,303, p=0,15). There is another correlation between motion efficacy and perceptual speed 

(r²= 0,048, β =0,219, P=0,263). The correlation between memory and motion efficacy is weak 

(r²= 0,00, β =0,021, p=0,151). This is also the case with the independent variable visuo-spatial 

ability (r²= 0,002, β =0,046, p=0,814).  
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Tabel 2. 

Cutting Task – Motion efficacy 

 β 

 

r² Aangepaste r² Std. Error P 

VSA 0.046 0.002 -0.036 0.9617 0.814 

Memory -0.021 0.000 -0.038 0.9625 0.920 

Reasoning 0.303 0.092 0.057 0.917 0.151 

Processing 

speed 

0.219 0.048 0.011 0.939 0.263 

PicSOr 0.116 0.013 -0.025 0.956 0.557 

 

 

Tissue damage 

The mean score of tissue damage during the cutting task is 24,14 (SD=20,86) The minimum 

and maximum are 3,00 and 79,00. The results of the linear regression indicate a correlation 

between perceptual speed and the total tissue damage during the cutting task (r²= 0,156, β 

=0,395 p=0,038). This correlation is significant. The distribution can be seen appendix D. The 

correlation between tissue damage and memory is smaller (r²= 0,036, β =0,191, p=0,331). The 

results are shown in table 3. 
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Tabel 3  

Cutting Task – Tissue Damage  

 β 

 

r² Aangepaste r² Std. Error P 

VSA -0.094 0.009 -0.029 21.163 0.634 

Memory -0.191 0.036 -0.001 20.866 0.331 

Reasoning -0.207 0.043 0.006 20.797 0.291 

Perceptual 

speed 

0.395 0.156 0.123 19.53 0.038 

PicSOr -0.032 0.001 -0.037 21.247 0.873 

 

Clip applying task 
Time 

The analyses are done with only 26 participants because the LapSim simulator did not 

recorded a time for two participants during their first session on the simulator. The fastest 

person did the clip-applying task in 91 seconds the slowest in 804 seconds (13,4 minutes). 

The mean is 376 seconds respectively 6,27 minutes (SD=196 seconds). The regression 

analyses indicate the strongest correlation between visuo-spatial ability and the duration (r²= 

0,018, β =0,133, p=0,517). The correlation with perceptual speed is similar (r²= 0,013, β 

=0,115, p=0,205). Both correlations are not significant. The correlations are shown in table 4. 
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Tabel 4  

Clip Applying Task – Time  

 β 

 

r² Aangepaste r² Std. Error P 

VSA -0.133 0.018 -0.023 198.68 0.517 

Memory 0.059 0.003 -0.038 200.11 0.774 

Reasoning 0.074 0.006 -0.036 199.90 0.575 

Perceptual 

speed 

-0.028 0.013 -0.028 261.75 0.205 

PicSOr 0.022 0.001 -0.041 200.409 0.914 

 

Motion 

The regression analysis of the motion efficacy during the clip applying task is again done with 

all 28 participants. The lowest z-score was 0,104 the highest 3,38. The results showing only 

weak correlations between the dependent variable “Z-score motion efiicacy” and the 

independent variable of the cognitive aptitude tests (table 5). Reasoning ability has the 

strongest correlation (r²= 0,077, β =0,277 p=0,153). Memory has se smallest correlation with 

motion efficacy (r²= 0,00, β =0,080 p=0,687). The correlation with visuo-spatial ability is also 

weak (β =0,080 p=0,678). 

 

 

 

 

 



22 

 

 

Tabel 5  

Clip Applying Task – motion efficacy  

 β 

 

r² Aangepaste r² Std. Error P 

VSA 0,080 0.006 -0.032 0,953 0.687 

Memory -0,017 0.000 -0.038 0,946 0.935 

Reasoning 0,277 0.077 0,041 0,909 0.153 

Perceptual 

speed 

-0,102 0.010 -0,028 0,941 0.605 

PicSOr 0,164 0.027 -0.011 0,933 0.405 

 

Damage (badly dropped clips) 

The mean of badly dropped clips during the first performance on the clip applying task is 0,65 

with a standard deviation of 1,03, a minimum of 0 and a maximum of 4 badly dropped clips 

during the task. The strongest correlation is between Perceptual speed and badly dropped clips 

(r²= 0,31, β =0,311 p =0,188). The weakest correlation between visuo-spatial ability and badly 

dropped clips (r²= 0,00, β =0,088 , p=0,657). The correlations are not significant. 
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Tabel 6  

Clip Applying Task – bad clips  

 β 

 

r² Aangepaste r² Std. Error P 

VSA 0.088 0.008 -0.030 1.041 0.657 

Memory 0.009 0.000 -0.038 1.046 0.962 

Reasoning -0.139 0.019 -0.018 1.036 0.481 

Perceptual 

speed 

0.311 0.097 0.062 0.994 0.188 

PicSOr 0.148 0.022 -0.016 1.03 0.453 

 

During the study an error occurred with the LapSim simulator. For this reason it is possible 

that the data of the first 11 was influenced by this error. Additionally to the analyses 

mentioned above, the linear regressions for the clip applying task were performed with the 

participants, who have done the study after this problem was solved (n=15). The results are 

not as expected better, but even less siginificant. Only one relation showed to increase. This 

was between Perceptual speed and the amount of bad clips (r²= 0,326, β =-0,051, p =0,052). 

Multiple  Regression 
To see how predictive all variables together are, there is additionally a multiple regression 

analysis done. The results are like the results of the simple regression. The best dependent 

variable was damage. There is only one significant correlation between perceptual speed and 

damage during the cutting task (β = 0,552, p=0,013). The R = 0,561, gives the value of the 

corellation coefficent between cognitive prerdictors together and the outcome damage during 

the cutting task. The results of the multiple regression of all predicting variables and damage 

during the cutting task in shown in table 7. Other results were not significant 
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Tabel 7 

Multiple regression Cutting Task - damage 

Methode  Beta Stand. Beta T P 

Enter (Constant) -81.639  -1.798 0.086 

 VSA -22.352 -0.204 -1.524 0.142 

 Memory -41.753 -0.315 -0.478 0.637 

 Reasoning -13.274 -0.108 -0.743 0.465 

 Perceptual speed 140.452 0.552 2.719 0.013 

 PicSOr 17.491 0.150 0.656 0.519 

Note: R: 0,561 
 

Differencecores  

To check whether the results are mediated through problems during the first trail on the 

simulator the analyses are also with difference scores between the first trail on the first 

session, and the last trail on the first session. There are again simple and multiple regressions 

done. The results are often like the results of the values from the first trail. There is only one 

significant correlation between perceptual speed and damage (b=143,381, β= 0,601 , 

p=0,043). The R	  =	  0,582,	  gives	  the	  value	  of	  the	  corellation	  coefficent	  between	  all	  cognitive	  

prerdictors	  together	  and	  the	  outcome	  differencesore	  of	  damage	  during	  the	  cutting	  task. The 

best results gives the multiple regression with all predicting variables and the difference score 

of damage during the cutting task. There results are given in table 8. 

Tabel 8 

Multiple regression Differencescores  Cutting Task - Damage 

Methode  Beta Stand. Beta T P 

Enter (Constant) -100.083  -2.395 0.026 

 VSA 1.194 0.012 0.043 0.966 

 Memory -17.275 -0.139 -0.685 0.500 

 Reasoning -11.196 -0.097 -0.439 0.665 

 Perceptual speed 143.381 0,601 3.017 0.043 

 PicSOr -5.836 -0.053 -0.238 0.132 

Note: R: 0,582 
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Discussion	  
 
The purpose of this study was to find out how cognitive aptitude tests can predict the initial 

performance on a virtual reality simulator for laparscopic surgery. One aim was that this 

information could be used to develop assessment, selection and training for surgeons. The 

assumption was that the cognitive aptitude variables visuo-spatial ability and spatial memory 

were the best predictors of the initial performance (Luursema et al., 2010; Ritteret al., 2006). 

Especially two strong relations have been expected: between visuo-spatial ability and the 

dependent variables duration and motion efficiency and between spatial memory and the 

dependent variables damage and motion efficacy. Those expectations were not confirmed 

with this study. The analyses show that there are few significant correlations between the 

cognitive aptitude tests and the dependent variables of initial performance. For the cutting 

task three dependent variables were measured: duration, motion efficacy and tissue damage. 

The relation between all the dependent variables with visuo-spatial ability is only weak. This 

means that visuo-spatial ability had no predicting value in the framework of this study. This is 

a contrast to the findings of Luursema et al. (2010) who found out that visuo-spatial ability 

can predict the performance on a virtual reality simulator. From further investigation we now 

that the effect of visuo-spatial memory decreases with more learning (Conrad et al., 2006). 

For this reason it was expected that visuo-spatial ability would have a strong influence during 

the first session.           

 This expectation cannot be confirmed. In the sample of the study the participants were 

not or rarely  influenced by visuo-spatial ability during the cutting and clip applying task. It 

was a strong correlation predicted between visuo-spatial ability and duration of the task and 

motion efficacy. This prediction is not in line with our expectation and is contradictory to the 

findings of Groenier et al. (2013). Similar to the results of the visuo-spatial ability test are the 

results of the spatial memory test. We know from investigation that a high load of spatial 

information is leading to more errors  (Stefanidis et al, 2007). We expected that spatial 

memory predicts the performance because during a laparoscopic surgery the surgeons have to 

remember a high load of spatial information, but spatial  memory had no predicting values for 

performance on the cutting and clip applying task. There is only a weak connection with 

tissue damage and hardly a relation with motion efficancy, but this influence is not 

significant. This is in contrast to the findings of Luursema (2010) and Hanluck (2002) who 

found correlations between spatial memory and performance. Nevertheless the findings are in 

line with findings from investigation of Wenzel (2012) who found no relation between the 
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two variables. In the framework of this study other variables had more predicting values than 

visuo-spatial ability and spatial memory. This was especially perceptual speed.   

 Both, duration and tissue damage, have the strongest relation with perceptual speed 

perceptual. The relation between perceptual speed, measured with the identical pictures test, 

is the only significant relation in the framework of this study. That means to a limited extend, 

in this study the result of the identical picture test predicted the tissue damage performance 

during the cutting task. That is interesting in this respect because the investigation showed 

that perceptual speed is especially an important factor during the learning process and 

influences the learning curve (Ackerman & Beier, 2007: Luursema, 2010). For this reason we 

did not expect that perceptual speed would be the best predictor for the initial performance on 

the cutting task.           

 The best predictor for motion efficacy was the score of the reasoning ability test, 

Raven’s Progressive Matrices. This fact underlines the findings of Keehner et al. (2006), who 

found a effect of reasoning ability among novice which decreases with more learning. The 

best predictor for damage, measured with badly dropped clips was the score of the PicSor test.

 The results of this study stresses the findings of Maan et al. (2012), who investigated 

that there is a relation between cognitive abilities and surgical performance. This is in line 

with the theories about the learning of motor activity. Cognitive abilities are often an 

important factor, also during surgery (O’Neil, Skeel & Ustinova, 2013) The findings are not 

in line with the expectations and often contradictory to the findings of other studies. This 

stresses the results of Maan et al., (2012) who investigated that the effect depends on the 

quality of the study and the chosen tests and tasks. From this results it can be learned, that it is 

important to distinguish between the initial performance and the learning process. There are 

variables like reasoning ability, which influence especially the learning process, and other like 

perceptual speed, which have an effect on both, initial performance and learning process. 

Whether there is an effect or not seems to be depending on the specific task. The mentioned 

studies, worked with different tasks on the simulator and it is possible that for this reason they 

got different results. This could mean that, for example, for the cutting task different abilities 

are necessary than for the clip applying task. Possibly the measured cognitive aptitudes are 

not that important for the clip applying task. It would be important to investigate whether 

there are variables, which have an effect on a lot of tasks. There are several reasons which 

could cause the controversial findings of this study. One of those reasons could be the sample 

of the study. The participants of the study were almost only psychology students. Possibly this 

sample is not representative for persons who are novice on a laparoscopic simulator. 
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Psychology students have to deal with a lot of cognitive tests, in the framework of their study. 

50% percent of the students stated in their questionnaire that they had done a cognitive test 

before. A study of Ahn & Workman (2012) showed that more experience with spatial 

relations leads to better results in the Paper Folding Test. Potentially psychology students are 

as a result of cognitive tests more experienced with factors like visuo-spatial ability and 

spatial relations. Furthermore the psychology students learn how cognitive tests are 

constructed and in which way the capabilities are measured. It is possible, that for this reason 

psychology students get other results in cognitive tests than other people. Additionally it is 

not sure how valid the computerized versions of the cognitive aptitude tests are. For example, 

visuo-spatial ability was measured with the help of the Paper Folding test. During this test 

participants had a lot of questions about it. It seems that the example ( see figure 2.) does not 

properly explain the procedure of the test. Although everybody had got the same explanation, 

some people asked more questions what they should do. This is quite similar to the PicSor 

test. A lot of people needed an additional explanation of the examiner. This way the 

participants received different information, which could have an effect on the cognitive 

aptitude tests.    An important factor of this study was the simulator. The 

study was done on three completely new simulators, which had been installed only a few days 

before. The program on the simulators was not properly running, which led to different 

problems. The settings of the clip-applying task were not properly correct, so that it was not 

possible to pass this task. There was an inexplicable loss of blood, which was could not be 

stopped by the participant. Through this the data of the clip applying task was influenced in 

several variables. The participants could have thought that the blood vessel was destroyed and 

for this reason they used more clips. This fact could have led to a higher score on badly 

dropped clips. Furthermore it is possible that they searched for the reason of the blood loss 

which took a longer time for this task. To find the reason of the blood loss and to stop it, they 

could have moved the instruments more often which could have led to a higher score on 

motion efficacy. The fault of the system was only discovered after the first 13 participants had 

done the study. It is not certain if this error concertinaed all participants. Additionally the 

simulator different graphic errors occurred. Maybe that those errors caused confusion, and so 

wrong scores on the dependent variables of the simulator. An additional factor is that the 

participants did the study under different circumstances. The first students who did the study 

were in the room alone with the examiner and sometimes with another participant. Later 

during this study the room and other simulators were needed for lessons. So it was very busy 

and noisy in the room. Possibly this influenced the concentration and accuracy of the 
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participants and influenced the results.       

    The aim of this study was to predict the performance on a 

laparoscopic simulator with the help of cognitive tests. The findings made are not in line with 

the expectations. Not visuo-spatial ability and spatial memory were crucial factors, but 

perceptual speed seems to be a predictor for laparoscopic surgery. For this reason it is 

important to continue the investigation, in order to understand the relation between this 

cognitive factor and dependent variables. It would be useful to choose an other than the clip 

applying task, because it seems to difficult to measure the dependent variables with this task. 

Although the findings cannot be used for the selection of surgeons or to develop training 

programs for them, they showed that there exist connections between cognitive abilities and 

performance. The relation seems to be very complex. The studies that exist at present on this 

topic are done with a lot of different methods. This leads to different results between the 

studies. To get more and really certain information about this it is important to work with 

exact the same method, valid cognitive tests and on a valid, properly working simulator. It is 

possible that the results of these studies would have been others if the sample had been more 

random and the virtual reality simulators had worked better. For this reason it would be 

necessary to repeat these studies with both variables. 
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Requirements	  
 
Prior to testing make sure that the conditions listed below are satisfied.  
Make sure that you have reserved the pc room and the lapsim room. 
For the demographics questionnaire: 
1. Check	  the	  internet	  connection	  and	  a	  web	  browser	  (e.g.	  Internet	  Explorer).	  

For the cognitive aptitude test battery: 
1. Check	  that	  the	  runtime	  version	  of	  E-‐prime	  (called	  E-‐Run)	  installed	  on	  the	  desktop:	  	  

	  
	  
	  

	  
a. If	  E-‐run	  is	  not	  installed:	  
b. Click	  on	  the	  Windows	  logo	  on	  the	  bottom	  left	  in	  the	  taskbar.	  

c. Select	  E-‐prime	  from	  the	  list	  of	  programs	  and	  click	  once.	  
d. Select	  E-‐run	  and	  right	  click.	  
e. Select	  ‘Send	  to’.	  

f. Select	  ‘Desktop	  (create	  shortcut)’.	  
2. Check	  that	  the	  PiCSor	  test	  program	  is	  installed	  on	  the	  desktop:	  

	  

	  

	  
	  

a. If	  the	  program	  is	  not	  installed	  or	  not	  working	  properly:	  

b. Go	  to	  the	  D-‐drive	  (via	  Windows	  logo	  -‐>	  Computer).	  
c. Open	  the	  folder	  ‘Validatie	  TEST’.	  
d. Open	  the	  folder	  ‘Win9x’.	  

e. Open	  the	  folder	  ‘Dist’.	  
f. Double	  click	  on	  the	  ‘setup’	  file	  with	  the	  extension	  ‘Application’.	  

g. The	  installation	  program	  for	  PicSOr	  starts:	  
i. Click	  on	  ‘OK’	  
ii. Click	  on	  the	  setup	  icon	  (top	  left	  of	  the	  setup	  screen)	  

iii. Click	  on	  ‘Yes’	  
iv. Click	  on	  ‘Yes’	  
v. Click	  on	  ‘Ignore’	  

vi. Click	  on	  ‘OK’	  
h. Go	  back	  to	  the	  ‘Validatie	  TEST’	  folder.	  
i. Open	  the	  ‘WinNT	  Distribute’	  folder.	  

j. Right	  click	  on	  the	  file	  ‘picsor32’	  with	  the	  file	  extension	  ‘Application’.	  
k. Select	  ‘Send	  to’	  from	  the	  drop-‐down	  menu.	  
l. Click	  on	  ‘Desktop	  (create	  shortcut)’.	  

m. Go	  back	  to	  ‘Desktop’	  and	  check	  that	  a	  shortcut	  is	  made	  (see	  figure	  above).	  
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For the laparoscopic simulator tasks: 
1. Pick	  up	  the	  key	  to	  the	  simulator	  room	  from	  the	  ECTM	  desk	  or	  ask	  the	  assistant	  to	  let	  you	  in	  the	  

room.	  If	  you	  get	  the	  key,	  make	  sure	  to	  activate	  it	  (ask	  desk	  assistant	  for	  instructions).	  
2. Check	  that	  the	  power	  to	  the	  simulator	  computer	  is	  on	  (socket	  on	  the	  left	  of	  the	  computers).	  

3. Log	  in	  with	  the	  lapsim	  account	  (login	  and	  password	  are	  printed	  on	  the	  keyboards).	  
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Study	  Purpose	  and	  Design	  
 
The purpose of the current study is to examine the relationship between cognitive attributes 
and performance of basic laparoscopic tasks on a simulator. Participants are: 1) technical-
medical students, biomedical students or psychology students 2) who have no prior 
experience in performing laparoscopy or with performing laparoscopic tasks on a simulator. 
The study consists of two parts across two consecutive days: 
1. A cognitive attributes test battery of approximately 45 minutes; 
2. Practice of basic laparoscopic tasks on a virtual reality (VR) simulator for a maximum of 
six sessions lasting 30 minutes each and 5 minute breaks in between. 
Timeline of the study 
On the first day, the cognitive attributes test battery is administered and there are three 
practice sessions on the VR simulator. Together, the cognitive attributes tests and the practice 
sessions last about 2.5 hours. On the second day, there are the remaining three sessions on the 
simulator, lasting about 2.5 hours as well. However, if a participant reaches a certain 
predefined level on the laparoscopic tasks before the last session, practice is terminated. See 
the figure below for a schematic representation of the study’s procedure. This means that the 
exact duration of the study depends on how quickly a participant reaches a certain level on the 
laparoscopic tasks. 

	  
Figure	  1.	  Schematic	  representation	  of	  the	  study	  timeline.	  
 
Below, you will find more information on the cognitive aptitude test battery and the 
laparoscopic tasks on the simulator. 
Cognitive aptitude test battery 
The cognitive attributes test consists of several validated psychological tests measuring visuo-
spatial ability, reasoning, short term memory, speed of information processing and perceptual 
ability. Previous research suggests that these abilities are related to performing and learning 
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laparoscopic tasks. Some of these tests require a high level of accuracy, others require a 
speeded response. Each test has a certain time limit.  
Virtual Reality laparoscopic tasks 
Two basic laparoscopic tasks are practiced on a virtual reality simulator (the LapSim Surgical 
Science simulator). The tasks are part of the laparoscopic cholecystectomy procedure, 
however, participants do not practice the entire procedure. Participants practice two tasks 
(Cutting and Clip Applying) and practice each task several times during a session. After half 
an hour there is a 5 minute break before the next session. All tasks are practiced at the same 
difficulty level during each session.  
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Running	  the	  experiment	  
 
Prior to the experiment 
Make sure you bring an information leaflet so you are able to answer questions that the 
participant might have. 
Make sure you have enough copies of the informed consent form (see Appendix A) and some 
extra ones in case someone makes a mistakes and needs to fill out a new form. 
Make sure you know which participant number to assign to the current participant(s). 
Make sure you are present at least half an hour before the participant starts the experiment to 
check whether the equipment is working.  

Participant	  anonymity	  
As soon as a participant agrees to take part in the study, he or she is assigned a participant 
number. This number will be the linking code between the personal information of each 
participant and the actual data, such as the scores on the cognitive aptitude tests and 
performance measures on the simulator. This code will be used instead of, say, a participants 
name to guarantee participant anonymity. In data analysis the test scores are combined with 
the performance scores of each participant through this code. 
Make sure that each participant receives a unique number. Keep track which numbers have 
already been used! This number needs to be filled out by the participant on several occasions:  

• The	  informed	  consent	  form	  
• The	  demographics	  questionnaire	  
• The	  cognitive	  aptitude	  test	  battery.	  Note:	  for	  the	  PiCSor	  test	  participants	  cannot	  fill	  out	  the	  

participant	  number	  themselves,	  this	  has	  to	  be	  saved	  in	  the	  filename	  of	  the	  PiCSor	  file	  by	  the	  
experiment	  leader	  (i.e.	  you).	  	  

• The	  LapSim	  simulator	  	  

Informed	  consent	  
First, participants sign an informed consent form. THIS IS VERY IMPORTANT! Every 
participant needs to sign an informed consent form prior to starting the study. If a student 
does not want to sign the informed consent form, he or she cannot participate in the study! An 
example of the informed consent form can be found in Appendix A.  
Make sure you have enough copies of the informed consent form available. Also, make sure 
that you fill out the participant number on each informed consent form. 

Demographics	  questionnaire	  
Second, participants fill in an online demographics questionnaire. This questionnaire contains 
questions about: 
• Participant	  number	  
• Gender	  
• Date	  of	  birth	  

• Nationality	  
• Handedness	  
• Impaired	  sight	  (e.g.	  glasses)	  

• Colour-‐blindness	  
• Dyslexia	  	  
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• Video	  gaming	  experience	  

• Prior	  experience	  with	  cognitive	  aptitude	  testing	  

The questionnaire is supported by Survey Monkey. You can access the questionnaire as 
follows: 
1. Open	  a	  web	  browser,	  e.g.	  Internet	  Explorer	  
2. Type	  in	  the	  address:	  http://www.surveymonkey.com/s/validatieTEST	  
3. Press	  Enter	  

4. The	  questionnaire	  starts	  (check	  whether	  it	  opens	  in	  a	  new	  window).	  You	  should	  see	  the	  screen	  
displayed	  in	  figure	  2.	  

	  
Figure	  2.	  Screenshot	  demographics	  questionnaire	  in	  SurveyMonkey.	  
 
After the participant finished the demographics questionnaire, proceed with the cognitive 
aptitude test battery, see next chapter. 

Instructions	  for	  the	  participant	  
Make sure that the participant is sitting comfortably behind the computer. Adjust chair height 
or screen position if necessary. Give the following instructions to the participant: 

	  
This	  study	  consists	  of	  several	  parts,	  as	  explained	   in	   the	   information	   leaflet.	  First,	   I	  need	  
you	  to	  sign	  an	  informed	  consent	  form.	  [Give	  informed	  consent	  form	  and	  make	  sure	  that	  
participant	   signs	   it.	   Write	   down	   participant	   number	   on	   form.]	   Next	   is	   a	   demographics	  
questionnaire	  asking	  about	  personal	  information,	  such	  as	  your	  age	  and	  handedness.	  This	  
is	  an	  online	  questionnaire	  and	  only	  takes	  about	  two	  minutes	  to	  fill	  in.	  After	  that,	  the	  TEST	  
battery	  will	  start.	  The	  TEST	  battery	  consists	  of	  two	  parts.	  The	  first	  part	  will	  last	  about	  45	  
minutes,	  the	  second	  part	  lasts	  about	  5	  minutes.	  You	  will	  receive	  additional	  instructions	  as	  
soon	  as	  you	  start	  the	  first	  and	  second	  part,	  either	  on	  the	  screen	  or	  from	  me.	  Do	  you	  have	  
any	  questions	  thus	  far?	  [Participant	  starts	  with	  the	  demographics	  questionnaire.]	  
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The	  Twente	  Endsocopic	  Skills	  Test	  (TEST)	  
 
The TEST battery consists of two parts and each part runs in a separate program. The first 
part of the TEST battery runs in a program called E-prime. E-prime is a licensed program (see 
http://www.pstnet.com/eprime.cfm) and specifically developed to design psychological 
experiments. Once you’ve confirmed that the correct runtime version of E-prime is installed 
on the pc (see chapter Requirements), you are ready to start the first part of the TEST battery. 
The first part of the TEST battery lasts about 45 minutes. 

1. Start up computer(s). 

2. Log in with your own account. 

3. Click on the Windows logo in the menu on the left bottom part of the screen. 

4. Fill in at Search programs and files: Truecrypt. 

5. Open the Truecrypt program 

6. Select the drive letter “T:” 

7. Click on ‘select file’.  

8. Click on the C-drive. 

9. Open the “TGfiles” folder.  

10. Open the “TG-CVT 2013” folder. 

11. Select the file ‘TG-CVT 2013.dmp’. 

12. Click on ‘mount’. 

13. Select ‘display password’. 

14. Fill in the password: =4TG-C0gn1t13v3-V-T3st! 

15. Minimalise the TrueCrypt window and close all other windows. 

 

16. Double click on the E-run icon on the desktop. 

17. If you get an error message (cannot find file or something like it), 

just ignore and click it away. 

18. Click on ‘browse folder’ (see red square below): 

 

 

 

19. Open the T-drive (via Computer). 

20. Open the “preTEST - 2013” folder. 
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21. Select the file: “pre_TEST V2 UT – NL”. This file has a Script extension. Click on 

‘open’.  

22. Now	  give	  the	  participant	  the	  following	  instructions:	  
	  
This	  TEST	  battery	  consists	  of	  two	  parts:	  the	  first	  part	  lasts	  about	  45	  minutes	  and	  the	  second	  

part	  about	  5	  minutes.	  The	  TEST	  battery	  measures	  several	  cognitive	  abilities	  that	  are	  related	  
to	  learning	  basic	  laparoscopic	  tasks.	  The	  abilities	  measured	  are:	  visuo-‐spatial	  ability,	  working	  
memory,	  reasoning,	  speed	  of	  information	  processing	  and	  perceptual	  ability.	  The	  goal	  of	  this	  

research	   is	   to	  find	  out	  which	  of	  these	  abilities	  best	  predicts	  performance	  on	  a	   laparoscopic	  
simulator.	  This	  will	  help	  to	  assess	  and	  select	  surgeons	  in	  the	  future.	  	  
	  

The	   first	   part	   of	   the	   TEST	   battery	   consists	   of	   several	   subtests.	   Each	   test	   starts	   with	  
instructions	  on	  the	  screen	  and	  one	  or	  more	  practice	  or	  sample	  exercises.	  Each	  of	  the	  tests	  in	  
the	   first	   part	   of	   the	   TEST	   battery	   have	   a	   certain	   time	   limit	   which	   will	   announced	   in	   the	  

instruction	  on	  the	  screen.	  Please	  read	  these	  instructions	  carefully	  and	  if	  anything	  is	  unclear	  
just	  ask	  me.	  	  
	  

It	  is	  important	  to	  work	  as	  fast	  and	  as	  accurate	  as	  possible.	  Some	  tests	  or	  exercises	  might	  be	  
more	   difficult	   than	   others,	   please	   try	   to	   complete	   as	  many	   exercises	   as	   possible.	   This	  will	  
increase	  the	  reliability	  of	  your	  results	  and	  the	  assessment	  of	  your	  actual	  ability.	  	  

	  
I	  will	  be	  around	  to	  assist	  you	  if	  needed.	  

	  

	  
23. Click	  on	  ‘Run’.	  
24. The	  start-‐up	  screen	  of	  the	  cognitive	  aptitude	  test	  battery	  in	  E-‐prime	  should	  now	  open	  asking	  

for	  the	  participant	  number.	  
25. Make	  sure	  the	  participant	  fills	  in	  the	  correct	  participant	  number	  (see	  the	  informed	  consent	  

form	  that	  was	  filled	  in)	  and	  continues	  with	  the	  first	  part	  of	  the	  cognitive	  aptitude	  test	  

battery.	  

You can give technical assistance during the test, however, feedback on a participants 
performance is not allowed. For example, if a participant asks ‘Is this the correct way to 
solve the exercise?’ you can reply ‘Try to perform at the best of your abilities.’  
After the last exercise of the first part of the TEST battery a ‘thank you’ screen will 
appear. The participant is asked to call for the assistant and when the spacebar is pressed, 
the participant leaves the program and the test results are automatically saved.  
You can now start part two of the TEST battery, which is described in the next chapter. 
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The	  PiCSor	  test	  
 
The second part of the TEST battery is the PiCSor test which runs in a programming 
environment specifically designed for this test.  

1. Go	  to	  the	  ‘Desktop’.	  

2. Double	  click	  on	  the	  PicSOr	  icon:	  
3. Select	  ‘Practice’	  at	  Run	  type.	  
4. Select	  ‘Cube	  and	  arrow’	  at	  Experiment.	  

5. Now	  give	  the	  following	  instructions	  to	  the	  participant	  (see	  also	  Appendix	  C):	  

	  

This	   is	   the	   second	   part	   of	   the	   TEST	   battery.	   The	   PicSOr	   test	   measures	   perceptual	  
ability.	  This	  test	  measures	  your	  ability	  to	  assess	  depth	  in	  a	  3-‐dimensional	  picture.	  On	  
each	  exercise,	   you	  will	   see	  a	   cube	   tilted	  at	  a	   certain	  angle.	  The	  point	  of	  a	   spinning	  
arrowhead	  is	  touching	  the	  surface	  of	  the	  cube.	  You	  adjust	  the	  arrow	  until	  its	  shaft	  is	  
perpendicular	  to	  the	  cube’s	  surface	  at	  the	  point	  where	  they	  touch.	  The	  actual	  angle	  
of	  the	  tilted	  cube	  is	  compared	  to	  your	  estimated	  angle	  as	  indicated	  by	  the	  positioning	  
of	  the	  arrowhead’s	  shaft.	  
You	  can	  use	  the	  ‘up’	  and	  ‘down’	  arrow	  keys	  on	  your	  keyboard	  to	  adjust	  the	  shaft	  of	  
the	   spinning	   arrow.	   You	   can	   press	   ‘Enter’	   as	   soon	   as	   you	   have	   positioned	   the	  
arrowhead.	  You	  can	  click	  on	   ‘Next’	   to	  continue	  to	  the	  next	  exercise.	   It	   is	   important	  
that	  you	  work	  as	  fast	  and	  accurate	  as	  possible.	  
	  
First,	  there	  are	  four	  practice	  exercises	  with	  feedback.	  	  	  
	  

	  
6. Click	  on	  ‘Run’.	  
7. Click	  on	  ‘Next’	  to	  continue	  with	  the	  next	  (practice)	  exercise.	  	  

8. After	  the	  participant	  has	  completed	  the	  fourth	  practice	  exercises,	  you	  need	  to	  click	  ‘Quit’,	  
otherwise	  the	  practice	  session	  never	  ends.	  You	  should	  now	  automatically	  return	  to	  the	  main	  
screen	  of	  the	  PicSOr	  program.	  

9. Select	  ‘Experiment’	  at	  ‘Run	  type’.	  
10. Now	  give	  the	  following	  instructions	  to	  the	  participant	  (see	  also	  Appendix	  C):	  

	  

The	  actual	  test	  consists	  of	  35	  exercises.	  Work	  as	  fast	  and	  as	  accurate	  as	  possible!	  
There	  is	  no	  time	  limit	  for	  this	  test,	  but	  speed	  is	  important.	  
	  

	  
11. Click	  on	  ‘Run’.	  
12. A	  new	  window	  opens	  to	  indicate	  where	  you	  can	  save	  the	  file	  with	  the	  results	  from	  the	  

experiment.	  	  
a. Go	  to	  D-‐drive.	  
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b. Open	  the	  folder	  ‘Validatie	  TEST’.	  

c. Open	  the	  folder	  ‘TEST	  UT’.	  
d. Open	  the	  folder	  ‘Participants’.	  
e. Type	  in	  the	  window	  at	  ‘File	  name’	  the	  date	  followed	  by	  the	  participant	  number,	  as	  

follows:	  date_participant	  number.	  For	  example,	  if	  the	  date	  is	  7	  June	  2012	  and	  the	  
participant	  number	  is	  12100	  the	  file	  name	  should	  look	  like	  this:	  20120607_12100.	  
The	  date	  always	  starts	  with	  the	  year	  (in	  this	  case	  2012),	  then	  the	  number	  of	  the	  

month	  (06	  for	  June)	  and	  finally	  the	  day	  (07).	  Make	  sure	  you	  always	  use	  4	  digits	  to	  
indicate	  the	  year	  and	  always	  2	  digits	  for	  the	  month	  and	  day	  (so	  include	  a	  0	  for	  the	  
months	  January	  through	  September	  and	  for	  the	  first	  9	  days	  of	  the	  month).	  	  

Note:	  THIS	  IS	  VERY	  IMPORTANT!	  This	  filename	  is	  the	  only	  way	  to	  link	  a	  participant	  to	  
the	  other	  test	  scores,	  such	  as	  the	  other	  aptitude	  tests,	  the	  performance	  on	  the	  
simulator	  and	  the	  demographics	  questionnaire!	  

f. Click	  on	  ‘Save’.	  
g. The	  participant	  can	  start	  with	  the	  first	  exercise	  of	  the	  test.	  
h. After	  the	  last	  exercise	  (see	  the	  number	  at	  the	  top	  left	  of	  the	  screen)	  the	  program	  

stops	  and	  returns	  to	  the	  start-‐up	  screen.	  
i. Click	  on	  ‘Quit’	  to	  close	  the	  program.	  

This was the last exercise of the cognitive aptitude tests. In the next chapter the procedure for 
the simulator sessions is described.  
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Practice	  sessions	  on	  the	  simulator:	  participant’s	  first	  session	  
 
When you have a new participant that will practice on the lapsim simulator for the first time, 
follow the steps below. If you have a participant that has already done one or more sessions 
on the lapsim simulator (and now returns for part two), continue with the next chapter 
“Practice sessions on the simulator”  
Make sure that you prepare a first session with a new participant beforehand: 
1. Make	  sure	  you	  have	  fulfilled	  the	  requirements	  described	  in	  the	  chapter	  “Requirements”.	  
2. After	  starting	  up	  the	  computer,	  double	  click	  on	  the	  lapsim	  2013	  icon	  on	  the	  desktop.	  

3. Log	  in	  the	  lapsim	  environment	  as	  a	  teacher:	  User	  Name	  =	  teacher,	  Password	  =	  teacher.	  
4. Only	  for	  the	  computer	  on	  the	  left:	  make	  sure	  that	  3D	  vision	  is	  disabled:	  

a. After	  login:	  go	  to	  Settings.	  

b. Click	  on	  the	  tab	  ‘Graphics’.	  
c. Select	  ‘No	  stereo’	  from	  the	  drop	  down	  menu	  under	  the	  heading	  ‘Stereoscopic	  3D’.	  
d. Click	  on	  ‘OK’.	  

5. Click	  on	  the	  “Student”	  button	  at	  the	  left	  bottom	  part	  of	  the	  screen.	  
6. Select	  “Create	  new	  student”.	  
7. Fill	  in	  the	  Login	  Name	  (preferable	  the	  same	  participant	  number	  used	  for	  the	  cognitive	  ability	  

tests)	  and	  Password	  (preferably	  something	  that	  is	  the	  same	  for	  all	  participants	  and	  easy	  to	  
remember).	  

8. Select	  the	  new	  participant	  from	  the	  list	  of	  participants	  (blue	  emphasis).	  

9. Click	  on	  the	  “Assign	  courses”	  button	  (bottom	  right	  of	  the	  screen).	  
10. Select	  the	  course	  “TG	  difficult”	  from	  the	  list	  on	  the	  left	  side	  of	  the	  screen.	  
11. Click	  on	  ‘Add’.	  
12. The	  course	  “TG	  difficult”	  should	  now	  appear	  on	  the	  list	  on	  the	  right	  side	  of	  the	  screen.	  
13. 	  Click	  on	  “Finish”.	  
14. Log	  out	  using	  the	  Logout	  button	  at	  the	  top	  of	  the	  screen.	  
15. Log	  in	  using	  the	  user	  name	  and	  password	  just	  assigned	  for	  the	  new	  participant	  (see	  step	  6	  

previously).	  
16. You	  should	  now	  see	  an	  overview	  of	  the	  LapSim	  system.	  	  

17. Place	  the	  two	  instruments	  into	  the	  tracking	  balls	  of	  the	  simulator	  (the	  middle	  ball,	  for	  the	  
camera,	  is	  not	  used).	  	  

18. Make	  sure	  that	  the	  participant	  is	  standing	  in	  front	  of	  the	  simulator	  correctly:	  arms	  at	  

approximately	  a	  90	  degree	  angle,	  loose	  wrists	  and	  loose	  shoulders.	  The	  participant	  will	  be	  in	  this	  
posture	  for	  quite	  some	  time,	  so	  make	  sure	  he	  or	  she	  is	  comfortable.	  Adjust	  table	  height	  if	  
necessary.	  This	  can	  be	  adjusted	  during	  practice	  as	  well,	  if	  necessary.	  

19. Now	  give	  the	  following	  instructions:	  
	  

	  

You	   are	   about	   to	   start	   practicing	   two	   basic	   laparoscopic	   tasks	   which	   are	   part	   of	   a	   procedure	  
called	  cholecystectomy,	  cutting	  and	  clip	  applying.	  You	  can	  read	  the	  instructions	  for	  each	  exercise	  

and	  view	  videos	  of	  performance	  of	  these	  tasks	  during	  an	  actual	  procedure	  as	  well	  as	  in	  the	  virtual	  
environment.	   You	   can	   alternate	   between	   the	   two	   exercises	   of	   cutting	   and	   clip	   applying.	  
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Sometimes	   it	   helps	   to	   practice	   a	   different	   exercise	   for	   a	   while.	   I	   advise	   you	   to	   practice	   both	  

exercises	  at	  least	  once	  during	  each	  session.	  Please	  try	  to	  complete	  each	  exercise	  each	  time	  you	  
try	  it,	  even	  if	  you	  feel	  that	  it	  is	  pointless	  to	  continue.	  If	  you	  feel	  that	  you	  cannot	  continue	  with	  an	  
exercise	  no	  matter	  how	  hard	  you	  try,	  you	  can	  click	  on	   the	   ‘Exit’	  button	  on	  the	  bottom	  right	  of	  

your	  screen.	  During	  the	  exercises	  you	  will	  get	  instructions	  from	  a	  virtual	  tutor	  at	  the	  bottom	  left	  
of	  the	  screen.	  If	  you	  don’t	  remember	  what	  to	  do	  next,	  you	  can	  always	  look	  at	  the	  hint	  currently	  
provided	  by	  your	  virtual	  tutor.	  Do	  you	  have	  any	  questions	  at	  this	  time?	  

	  

	  

20. The	  participant	  can	  now	  click	  on	  one	  of	  the	  two	  exercises	  in	  the	  menu	  on	  the	  left.	  
21. The	  participant	  can	  read	  the	  instructions	  on	  the	  screen.	  N.B.	  There	  is	  more	  than	  one	  screen	  with	  

instructions.	  Participants	  can	  click	  on	  the	  buttons	  on	  the	  bottom	  left	  of	  the	  screen	  to	  read	  further	  

instructions.	  
22. Start	  practice	  by	  clicking	  on	  the	  ‘Start’	  button	  at	  the	  bottom	  of	  the	  exercise	  menu.	  	  
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Practice	  sessions	  on	  the	  simulator	  
 
These instructions are for participants who have already practiced one or more sessions on the 
simulator. If you have a new participant, please read the previous chapter “Practice sessions 
on the simulator: participant’s first session”. 
1. Make	  sure	  you	  have	  fulfilled	  the	  requirements	  described	  in	  the	  chapter	  “Requirements”.	  
2. After	  starting	  up	  the	  computer,	  double	  click	  on	  the	  lapsim	  2013	  icon	  on	  the	  desktop.	  

3. Login	  with	  the	  account	  you	  have	  created	  previously	  for	  this	  participant	  (User	  Name	  =	  participant	  
number).	  

4. Explain	  the	  participant	  that	  he	  or	  she	  practices	  the	  same	  two	  tasks	  (cutting	  and	  clip	  applying)	  

until	  proficiency	  is	  reached	  (i.e.	  ‘passed’	  the	  exercises).	  A	  session	  lasts	  half	  an	  hour	  and	  each	  
session	  is	  followed	  by	  a	  5	  minute	  break.	  The	  experiment	  will	  automatically	  end	  after	  5	  sessions	  
(including	  the	  sessions	  performed	  the	  first	  time).	  

5. The	  participant	  can	  now	  double	  click	  on	  either	  one	  of	  the	  exercises	  (cutting	  and	  clip	  applying)	  on	  
the	  left	  side	  of	  the	  screen	  and	  start	  practice.	  
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Data	  processing	  
 

Demographic	  questionnaire	  
The data from the demographic questionnaire can be accessed through SurveyMonkey 
(www.surveymonkey.nl). Login = ECTM; password = ECTMTG. The study is called 
Demografie Validatie TEST. You can export data through ‘Resultaten analyseren’ and 
‘Reacties downloaden’. 

	  TEST	  battery	  E-prime	  
1. Save	  the	  txt	  and	  edat	  files	  that	  were	  created	  on	  the	  T-‐drive	  to	  another	  location	  (e.g.	  a	  usb-‐stick	  

or	  drive	  D).	  
2. Go	  to	  the	  folder	  that	  contains	  the	  txt	  and	  edat	  files	  of	  the	  current	  participant.	  

3. Double	  click	  on	  the	  edat	  file	  and	  the	  E-‐DataAid	  program	  should	  start	  up.	  
4. Click	  on	  “File”.	  
5. Click	  on	  “Export”.	  Select:	  Export	  to	  Excel.	  

6. Click	  on	  “OK”.	  
7. Save	  the	  file	  in	  the	  same	  folder	  as:	  Score_[participant	  number].	  For	  example:	  Score_12345.	  
8. A	  csv	  or	  txt	  file	  should	  now	  be	  made	  in	  this	  folder.	  	  

9. Open	  	  the	  csv	  or	  txt	  file	  in	  Excel.	  	  
10. Remove	  the	  top	  row.	  	  
11. Save	  file:	  File	  -‐>	  Save	  as	  -‐>	  Save	  as	  type:	  CSV	  (Comma	  delimited).	  

12. Copy	  all	  the	  csv	  files	  to	  a	  separate	  folder,	  preferably	  on	  drive	  C.	  
13. Open	  a	  cmd	  window:	  select	  the	  folder	  with	  all	  the	  csv	  files	  -‐>	  click	  the	  right	  mouse	  button	  -‐>	  

open	  command	  window.	  Or:	  click	  on	  Windows	  logo	  in	  taskbar	  -‐>	  type	  in	  Search	  programs	  and	  

files	  cmd	  -‐>	  enter	  -‐>	  go	  to	  the	  correct	  folder	  with	  the	  csv	  using	  the	  ‘cd	  [subdirectory]’	  command.	  
14. Type	  in:	  gawk	  –F;	  -‐f	  extract_boxplot_data.awk	  Score_(file	  name).csv	  >	  XScore_(file	  name).csv	  

(XScore_(file	  name).csv	  =	  extractfile,	  file	  name	  should	  be	  participant	  number).	  

15. Repeat	  step	  14	  for	  every	  csv	  file	  (tip:	  use	  tab	  and	  arrow	  up/down	  to	  select	  command	  lines).	  
16. Check	  if	  there	  is	  the	  right	  number	  of	  XScore	  files	  in	  the	  folder.	  

17. Type	  in	  the	  command	  window:	  gawk	  –F;	  -‐f	  CVTqqT_out.awk	  Xscore_(file	  name).csv.	  
18. Check	  that	  new	  datafiles	  were	  created	  with	  the	  names:	  all_data.csv	  en	  some_data.csv	  or	  that	  

new	  lines	  were	  added	  to	  these	  files.	  	  

19. Repeat	  step	  18	  for	  each	  participant.	  	  

PicSOr	  
The data from the PicSOr test are stored as .cae files. These can be read in Excel.  
1. Start	  up	  Excel.	  
2. Click	  on	  File.	  
3. Click	  on	  Open.	  

4. Select	  the	  PicSOr	  file	  you	  need.	  	  
5. Select	  ‘Fixed	  width’.	  	  
6. Click	  on	  ‘Next’.	  	  

7. Click	  on	  ‘Next’.	  
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8. Click	  on	  ‘Finish’.	  	  

9. You	  should	  now	  have	  a	  file	  with	  5	  columns	  and	  36	  rows.	  	  

The score on the PicSOr test is the correlation between variables RSSLA and OSSLA. You 
can calculate this correlation (and transfer it to your own data file) by:  
1. Select	  an	  empty	  cell	  in	  the	  Excel	  worksheet	  with	  the	  PicSOr	  data.	  	  
2. Click	  on	  the	  formula-‐symbol	  in	  the	  formula	  bar.	  
3. Type	  in	  the	  search	  bar:	  pearson.	  

4. Select	  the	  PEARSON	  function	  by	  clicking	  on	  OK.	  
5. Select	  the	  35	  values	  of	  RSSLA	  for	  array	  1.	  
6. Select	  the	  35	  values	  of	  OSSLA	  for	  array	  2.	  	  

7. Click	  on	  OK.	  
8. 	  
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Troubleshooting	  
 

E-prime	  
E-prime crashes sometimes (for no reason). If E-prime crashes: 
1. Close	  the	  E-‐prime	  error	  report	  window.	  
2. Explain	  to	  the	  participant	  he	  or	  she	  can	  continue	  with	  the	  experiment.	  If	  the	  participant	  states	  

that	  he	  or	  she	  would	  not	  like	  to	  continue	  the	  experiment,	  explain	  the	  options	  stated	  at	  item	  8.	  	  
3. Write	  down	  on	  a	  paper	  with	  the	  participant	  number	  at	  which	  test	  E-‐prime	  crashed.	  	  
4. Start	  the	  E-‐prime	  program	  again	  (through	  E-‐run).	  

5. Give	  the	  participant	  a	  different	  participant	  number.	  Write	  this	  number	  down	  also,	  so	  the	  two	  
datafiles	  can	  be	  combined	  afterwards.	  	  

6. Click	  through	  the	  cognitive	  aptitude	  test	  battery	  quickly	  (!)	  until	  you	  reach	  the	  test	  where	  E-‐

prime	  crashed.	  	  
7. Ask	  the	  participant	  to	  continue	  with	  the	  test.	  	  
8. If	  E-‐prime	  crashes	  a	  second	  time	  with	  the	  same	  participant,	  suggest	  the	  following	  options:	  1)	  the	  

participant	  can	  continue	  the	  test	  again	  (following	  the	  same	  procedure	  above),	  2)	  the	  participant	  
returns	  on	  a	  different	  time	  and/or	  date	  to	  redo	  the	  whole	  test,	  3)	  the	  participants	  withdraws	  
from	  the	  experiment	  (participant	  does	  not	  receive	  credits).	  Options	  1	  and	  2	  are	  preferred	  of	  

course.	  	  
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SAMPLE	  INFORMED	  CONSENT	  FORM	  
 

CONSENT BY SUBJECT FOR PARTICIPATION IN RESEARCH PROTOCOL 
Section A 
 
Protocol Number:      Participant Name:     
 
Participant Number:     
 
Title of Protocol: Validation of the Twente Endoscopic Skills Test 
 
Doctor(s) Directing Research: dr. Marleen Groenier, dr. Patrick Henn, prof. dr. Anthony G. 
Gallagher 
Phone: +353-21-490-3000 (dr. Henn) 
 
You are being asked to participate in a research study.  The researchers at University College Cork study the 
design and effects of medical education programs.  In order to decide whether or not you want to be a part of 
this research study, you should understand enough about its risks and benefits to make an informed judgment.  
This process is known as informed consent.  This consent form gives detailed information about the research 
study, which will be discussed with you.  Once you understand the study, you will be asked to sign this form if 
you wish to participate. 
 
Section B 
I. NATURE AND DURATION OF PROCEDURE(S): 
 
The purpose of the current study is to examine the relationship between cognitive attributes and performance of 
basic laparoscopic tasks on a simulator. You can participate if you are: 1) a medical student and 2) have no prior 
experience in performing laparoscopy or with performing laparoscopic tasks on a simulator. 
 
The study consists of two parts across two consecutive days: 
1. A cognitive attributes test of approximately 45 minutes; 
2. Practice of basic laparoscopic tasks on a simulator for a maximum of six sessions lasting 30 minutes each. 
 
Timeline of the study 
 
On the first day, the cognitive attributes test is administered and you have three practice sessions on the 
laparoscopic simulator. Together, the cognitive attributes tests and the practice sessions last about 2.5 hours. On 
the second day, you have the remaining three sessions on the laparoscopic simulator, lasting about 2.5 hours as 
well. However, if you reach a certain level on the laparoscopic tasks before the last session, practice is 
terminated. See the figure below for a schematic representation of the study’s procedure. This means that the 
exact duration of the study depends on how quickly you reach a certain level on the laparoscopic tasks. 
 
Timeline of the study. 
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Cognitive attributes test 
The cognitive attributes test consists of several validated, psychological tests measuring visuo-spatial ability, 
reasoning, short term memory and speed of information processing. Previous research suggests that these 
abilities are related to performing and learning laparoscopic tasks. Some of these tests require a high level of 
accuracy, others require a speeded response. Each test has a certain time limit. A researcher of the project is 
present during test taking, gives you further instructions and answers any questions you have about the tests. 
 
Laparoscopic tasks 
Two basic laparoscopic tasks are practiced on a virtual reality simulator. The tasks are part of the laparoscopic 
cholecystectomy procedure, however, you do not practice the entire procedure. You can practice each task 
several times during a session. After half an hour there is a 5 minute break before the next session. All tasks are 
practiced at the same difficulty level during each session. A researcher of the project is present during the 
sessions, gives you further instructions and answers any questions you have about the tasks. 
 
II. POTENTIAL RISKS AND BENEFITS: 
  
The results from this study will help us to better design our training programs for surgical education on 
laparoscopy. Furthermore, in the future, a cognitive attributes test could be used to select surgeons for minimally 
invasive training programs, alongside interviews, assessments and grades. A possible risk is fatigue during the 
study. We have planned many breaks between sessions to avoid fatigue. Also, you may quit the study at any 
moment without providing any reasons for your withdrawal from the study. 
 
III. POSSIBLE ALTERNATIVES: 
  
Your participation is voluntary. You may choose not to participate.  
             

 
Section C                                                                    AGREEMENT TO CONSENT 
 
The research project and procedures associated with it have been fully explained to me.  All experimental 
procedures have been identified and no guarantee has been given about the possible results.  I have had the 
opportunity to ask questions concerning any and all aspects of the project and any procedures involved.  I am 
aware that participation is voluntary and that I may withdraw my consent at any time.  I am aware that my 
decision not to participate or to withdraw will not restrict my access to health care services normally available to 
me.  Confidentiality of records concerning my involvement in this project will be maintained in an appropriate 
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manner.  When required by law, the records of this research may be reviewed by government agencies and 
sponsors of the research. 
 
I understand that the sponsors and investigators have such insurance as is required by law in the event of injury 
resulting from this research. 
 
I, the undersigned, hereby consent to participate as a subject in the above described project conducted at the 
Cork Teaching Hospitals.  I have received a copy of this consent form for my records.  I understand that if I 
have any questions concerning this research, I can contact the doctor(s) listed above.  If I have further queries 
concerning my rights in connection with the research, I can contact the Clinical Research Ethics Committee of 
the Cork Teaching Hospitals, Lancaster Hall, 6 Little Hanover Street, Cork. 
 
After reading the entire consent form, if you have no further questions about giving consent, please sign where 
indicated. 
 
 
 
 
 
Doctor:                                                    
      Signature of participant 
         
 
 
 
 
Witness:                                               Date:                             Time:  AM    PM
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APPENDIX	  B:	  INSTRUCTIONS	  IN	  E-PRIME	  FOR	  ‘TEST	  V1	  UCC’	  
 

Introduction 
Welcome!  
This is the Twente Endoscopic Skills Test (TEST). This test consists of several subtests 
measuring visuospatial ability, memory, reasoning and perceptual speed. These abilities are 
related to the performance of minimally invasive surgical procedures.  
Each subtest starts with a short instruction and one or several practice exercises (with 
feedback). It is important that you work as fast and accurate as possible. Each subtest has a 
time limit which will be announced in the instruction. Some exercises will be more difficult 
than others. Please try to complete as many exercises as possible. 
Press the SPACEBAR to continue. 

Raven’s Progressive Matrices Advanced 
The first test is an adapted version of the Raven's Advanced Progressive Matrices test. 
This test measures observation skills and thinking clearly. Each exercise shows a pattern with 
three rows of three figures. On the third row, the last figure is missing. Below the pattern, 8 
figures are shown that might fit the pattern. Examine the pattern and decide which of the 8 
figures is needed to complete the pattern, both horizontally as well as vertically.  
Press the corresponding number (1 - 8) belonging to the figure you think completes the 
pattern best. There is only one correct alternative for each exercise.  
Next, there are two practice exercises. After each practice exercise you will receive feedback 
on your answer. 

<practice trials> 
Press SPACEBAR to continue with the two practice exercises. 
Next, there are 18 exercises of the actual test. You will no longer receive feedback on your 
answers.  
The time limit is 60 seconds per exercise.  
Work as accurate and fast as possible.  
Press the SPACEBAR to continue with the actual exercises. 

Paper Folding 
This was the last exercise of the first subtest. 
The second subtest is an adapted version of the Paper Folding test. This test measures the 
ability to mentally represent spatial relations of objects.  
In each exercise of the test there are some figures drawn at the left and 5 others at the right of 
the screen. The figures at the left represent a square piece of paper being folded and the last of 
these figures has one or two small circles drawn on it to show where the paper has been 
punched. Each hole is punched through all the thickness of the paper at that point.  
One of the 5 figures at the right shows where the holes will be when the paper is completely 
unfolded. 
Press the SPACEBAR to continue with the instruction. 

<practice slides> 
In these exercises all of the folds made are shown in the figures at the left, and the paper is not 
turned or moved in any way except to make the folds shown in the figures. Remember, the 
answer is the figure that shows the position of the holes when the paper is completely 
unfolded.  
There are 20 exercises divided across 2 blocks of 10 exercises. There are no other practice 
exercises with this test and no feedback on your answers.  
The time limit for each exercise is 25 seconds.  
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Press the SPACEBAR to continue with the actual test. 
<first block> 

Press the SPACEBAR to continue with the next block. 
Mental Rotation Test 

This was the last exercise of the Paper Folding test. 
The next subtest is an adapted version of the Mental Rotation Test and measures the ability to 
mentally rotate objects.  
In each exercise you see 2 three-dimensional figures made of several connected cubes. You 
have to decide whether the figures are identical, but one of them is rotated around the vertical 
axis, or that they are two different figures. 
If the figures are identical, press the button 'i' on the keyboard. If they are different, press the 
button 'd' on the keyboard. 
There are 16 practice exercises. After each exercise you will receive feedback on your 
answer. Place your index fingers on the corresponding buttons.  
Press the SPACEBAR to continue with the practice exercises. 

<practice trials> 
This was the last practice exercise. 
There are 96 exercises in the actual test divided across 4 blocks of 24 exercises. You will no 
longer receive feedback on your answers.  
The time limit is 6 seconds for each exercise. Work as fast and accurate as possible.  
Place your index fingers on the corresponding buttons 'i' and 'd'.  
Press the SPACEBAR to continue with the actual test. 

<block 1> 
Press the SPACEBAR to continue with the next block. 

<block 2> 
Press the SPACEBAR to continue with the next block. 

<block 3> 
Press the SPACEBAR to continue with the next block. 

<block 4> 
Corsi Block Tapping Test 

This was the last exercise of the Mental Rotation Test.  
The third subtest is an adapted version of the Corsi Block Tapping Test. This tests measures 
spatial short term memory. Each exercise consists of a pattern of nine grey squares. One by 
one these squares change colour, from grey to dark red back to grey. They change at a rate of 
one square per second. After the last square has changed colour the nine squares turn into the 
colour black.  
Now you can click on the squares with your mouse cursor in the same order that they turned 
red previously. The sequences of squares turning red can be 4 to 9 squares long.  
Please note: when you click on the squares, they will NOT change colour, make sure you 
click each square only ONCE and do NOT press any keys on the keyboard! If you have 
finished your sequence, but the next trial does not start you have not yet clicked on the right 
number of squares and need to click additional squares. 
Next, there is 1 practice exercise WITHOUT feedback on your answer. 
Press the SPACEBAR to continue with the practice exercise. 

<practice trial> 
This was the practice exercise. 
The actual test consists of 18 exercises. The sequences of squares turning red can be 4 to 9 
squares long.  
Please note:  
1. Make sure that you position the mouse cursor clearly WHITHIN the squares.  
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2. When you click on the squares, they will NOT change colour.  
3. Make sure you click each square only ONCE. 
4. Do NOT press any keys on the keyboard!  
5. If you have finished your sequence, but the next trial does not start you have yet not clicked 
the right number of squares and need to click additional squares. 
Press the SPACEBAR to continue with the actual test. 

Identical Pictures 
This was the last exercise of the Corsi Block Tapping Test.  
The last subtest is an adapted version of the Identical Pictures test. This test measures your 
ability to pick the correct object quickly. On each trial, you will see six objects on one row in 
the middle of the screen. One object is on the left side of the row and five objects on the right 
side.  
Determine which of the five objects on the right side is the same as the object  shown on the 
left. Click on the object that you think is the same with your mouse cursor. It is important to 
work as quickly and accurately as possible! 
There are five practice exercises with feedback on your performance.  
Press the SPACEBAR to continue with the practice exercises. 

<practice trials> 
This was the last practice exercise.  
There are 96 exercises in the actual test divided across 2 blocks of 48 exercises. You will no 
longer receive feedback on your answers.  
The time limit for each block is 90 seconds. Work as fast and accurate as possible.  
Press the SPACEBAR to continue with the actual test. 

<block 1> 
Press the SPACEBAR to continue with the next block. 

<block 2> 
Thank you 

This was the last exercise of the Identical Pictures test. 
Thank you for your participation! 
Press the SPACEBAR to exit the program. 
Please ask the assistant for further instructions. 
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Appendix C 
 

 
Correlation: Visuo-spatial ability – Time cutting task 
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Appendix D 

 

 
Correlation Processing speed – Tissue Damage cutting task 

 
 

 

 

 

 


