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Abstract 

We investigated the cognitive load effect of a trainer providing surgical instruction by pointing/drawing over 

laparoscopic video to a trainee. Results showed that while cognitive load is higher overall with the use of the 

instructional system, there is a decrease by the second experience of being instructed by the Virtual Pointer. Further 

analysis showed that trainees were more likely to perform the surgical task and watch/listen to the trainer’s instruction 

at the same time when the instructional system was used. This is thought to be an indication of more efficient 

communication when using the instructional system. Thus, although there is a small cognitive overload with the 

instructional system initially, the more efficient communication allows trainees to better integrate the knowledge and 

instructions being conveyed into the actions they must perform - indicating a better learning environment. 

Introduction 

Evidence demonstrates that both cognitive underload and overload leads to decreased performance 1,2 and learning 3,4. 

Greater learning outcomes are predicted when training tasks and technologies that reduce cognitive load are employed. 

The reasoning is simple – more working memory resources will be available for learning 5,6. Understanding the effects 

of cognitive load in medical training is especially important given that many of the necessary activities require the 

learner to integrate different skills, knowledge and behaviors concurrently 7. Studies have shown that trainees have 

fewer cognitive resources, i.e., less working memory, available for decision making when comprehension of the 

instruction is more demanding 8.  

To evaluate the effects of instructional technologies on cognitive load, the multimedia dual-processing theory 9 may 

be a consideration. This theory posits that there are two systems for processing information, one for visual information 

and another for audio/verbal information 10,11. Both systems have a finite amount of processing capacity, thus the 

presentation of two forms of visual information require the visual processing system to be divided in two, leaving the 

audio processing resources untouched. The claim is that new technologies that can make use of both processing 

systems allow for more availability of the total cognitive resources 1213. Studies investigating this theory have 

demonstrated greater knowledge acquisition is achieved, and cognitive resources are not overloaded when both 

processing systems are used, i.e., the audio/verbal channel and the visual channel 14,1516.  

We employed both subjective and objective measures of cognitive load of surgical trainees while performing tasks 

and being instructed by a trainer using an instructional technology called The Virtual Pointer. The Virtual Pointer 

enables a trainer to point or draw a free hand sketch over live laparoscopic video; adding the visual instruction channel 

to the existing traditional verbal instruction. Adding an additional channel of communication in a dyadic interaction 

can have positive implications for communication efficiency 17. Cognitive load can be influenced by communication 

efficiency in a training interaction 18. The more efficient the communication, the less cognitive processing is required 

for understanding the communicated content. Therefore, more cognitive resources are available for learning the 

content. Our hypothesis was that a Virtual Pointer can enhance communication efficiency, and consequently allow for 

further cognitive processing.  

Related Work 

Cognitive Load And Information Processing Channels 

Cognitive load theory 19,20,21,22 describes working memory as having a limited capacity in processing information. 

When the number of informational units exceed the limited capacity of working memory, new information cannot be 

processed and thus learning will be hindered. In a learning environment, cognitive load may arise from the 

instructional tools and techniques rather than the complexity of the task itself. Learning, as an outcome of a training 

process, will be hindered if instructional materials and methods overwhelm a trainee’s cognitive resources 20. In 
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multimedia learning (i.e., learning from words and pictures), cognitive load arising from instructional techniques is a 

central challenge faced by designers of multimedia instructions 15. Mayer and Moreno (2003) suggest nine ways to 

reduce cognitive load in multimedia learning including a cognitive process involved in integrating verbal and visual 

cues. One other recommendation they make is to off-load one information receiving channel (e.g. verbal and visual) 

by splitting the information among multiple channels. This solution reduces the processing demand of one channel so 

the learner has further capacity for processing within other channels. They demonstrated that students understood a 

multimedia explanation better when the words were narrated rather than shown as an on-screen text.  

Brunken et al.’s 14 study confirms the guideline of splitting the information among multiple channels using a dual-task 

methodology. In their study, participants were asked to perform two tasks at the same time: the primary task involved 

learning from a multimedia program on how the human cardiovascular system works, and the secondary task involved 

needing to press a button as soon as a letter color changed. Analyzing the reaction time for the secondary task as a 

cognitive load measure, they found that reaction times were lower for the audiovisual presentation compared to the 

visual only presentation. This showed that a combination of audio and visual presentation induced less cognitive load 

than a single modality presentation, i.e visual-only. The dual-task methodology is based on the assumption that 

cognitive capacity is limited, but can be flexibly allocated 14. In the case of processing two tasks at the same time, the 

cognitive resources have to be split between the two. Therefore, when a person is able to better perform a second task 

simultaneously with the first task, the less cognitively loaded the person is on either task, thus allowing for better 

integration of cognitive processing.  

To conclude, the way instructional techniques and tools are constructed may affect cognitive load differently. While 

it is suggested that designing an instructional method in a way that splits the information between auditory and visual 

channels reduces the cognitive load, a Virtual Pointer has not been studied in terms of how it affects the cognitive load 

even though it uses the same principle of splitting information between two channels. Because it has been reported 

that multiple modalities of processing channels allows for more cognitive processing space, we are interested in 

examining if the Virtual Pointer may affect cognitive load for this reason.  

Cognitive Load and Communication 

Analyzing cognitive load in communication settings is additionally important to allow for effective group 

collaboration. For example in Computer Support for Collaborative Learning (CSCL), it has been discussed that the 

interaction among subjects in a learning environment may generate communication activities (e.g. explanation, 

disagreement, and mutual regulation), which may trigger extra cognitive mechanisms (e.g. knowledge elicitation, and 

internalisation) 23. The primary reason for the importance of cognitive load in CSCL environments is that CSCL 

environments force learners to coordinate one or more external, instructional representations 24. In such environments, 

the need for learners to integrate the textual, verbal, and visual information sources presented to them creates an 

additional cognitive load on top of the task itself 25. The balance between the reduction of individual computing due 

to division of labor and the increase of individual computing necessary for interaction is the key to avoid detrimental 

cognitive overload in CSCL environments 23.   

Effective instructional methods can enhance the communication efficiency between the learner and the trainer. Once 

the communication becomes more efficient, the cognitive resources will be directed toward activities that are relevant 

to learning 18. Communication is a joint activity, which is coordinated based on common ground – shared knowledge, 

beliefs, and suppositions 26. And in turn, common ground is incrementally built on the previous joint activities within 

a group 27. Thus, as common ground accumulates, communication becomes more efficient and efficient 

communication reduces the costs for the development of common ground 28.  

In conversation, one major coordination task is turn taking, i.e., all people conversing coordinate the time of entry and 

exit in the conversation 26. The changes in the coordination of turn taking on one hand indicates the efficiency of 

communication 29, and on the other, relates to the grounding costs, such as the costs in language processes, i.e., the 

construal of meaning, and the costs in signaling and accepting 30. For example, more turns, fewer words and more 

synchronicity manifest in teams with an increased amount of shared understanding, and thus more efficient 

communication 29,27. The increased common ground and improved communication efficiency facilitates the construal 

of what would be presented, manifested by more quick and short turns 26,31. For instance, Fussell et al. 32 studied the 

effects of shared visual context in a collaborative repair task on communication efficiency through turn taking analysis. 

The greater number of turns in the audio-video instruction compared to audio-only instruction shows that audio-video 

instruction enhances the communication efficiency between the trainee and trainer in performing a repair task. Because 

of this, we decided to not only investigate cognitive load, but communication efficiency elicited by the Virtual Pointing 

system because of its integrated audio-visual instruction basis.   
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Cognitive Load in Surgical Training 

An investigation of the effect of haptic feedback on surgical residents’ cognitive load when performing a laparoscopic 

task in a virtual reality setting while they were imposed by a secondary mental arithmetic task showed that residents 

performed 36% faster with haptics compared to without.33 This suggests that the addition of haptic technologies 

allowed for a reduction in cognitive load and thus increased performance efficiency. In comparison, Andersen, et al. 
34 found that adding technology to a surgical training condition neither increased or decreased cognitive load nor did 

it affect performance. Here, they compared trainees’ cognitive load with and without a simulator-integrated tutor 

function in a virtual reality surgical setting by analyzing the reaction time of secondary observational task. They found 

the integrated tutoring did not influence reaction times and did not have an effect on cognitive load. They did, however, 

observe that novices gain proficiency in the Virtual Reality surgical simulation after relatively few practice sessions. 

This effect of experience, i.e., increase in proficiency after additional exposure to using a new technology, has been 

observed in other studies and could play a critical role when examining a technology’s effect on cognitive load. For 

example, Theodoraki et al.35 assessed surgeons’ cognitive load of using an image-guided navigation system - a system 

that combines the information captured from cameras, ultrasonic, electromagnetic sensors and relay the patient's body 

view and the surgeon's movements in relation to the patient, to the surgeon’s screen. Non-significant difference in 

heart rate and heart rate variability between the two conditions showed that cognitive load did not differ between use 

with and without the navigation system. Nevertheless, the heart rate variability was slightly higher in the navigation-

supported condition. Moreover, they observed that residents who had more practice in performing the procedures 

showed a slight decrease in mental workload while using the navigation system. This suggests that with more 

experience, there may be more cognitive processing space open to allow for the addition of new technology to be 

beneficial.  

Material and Method 

System Design and Setup 

The Park Trainer (Stryker Corporation, USA) was used for the simulated laparoscopic tasks (Figure 1.c). It consists 

of a housing unit for physical anatomical models, a flexible shield with openings for the laparoscopic camera and 

instruments to be inserted, a standard laparoscopic camera with light source using the Stryker computer system, and 

a standard laparoscopic monitor on an adjustable arm at the top. The Virtual Pointer was designed to facilitate the 

conveyance of knowledge during surgery by enabling attending surgeons to point or draw on the laparoscopic video 

for a surgical resident to see (Figure 1). To this end, the Microsoft Kinect sensor version 2 (Microsoft Corporation, 

USA) was used as a mechanism of touchless interaction – enabling the system to be used in the sterile operating field 
36. Refer to Feng et al. 37 for a detailed description of the system and how it works.  

Experiment Design and Procedure 

The experimental design is a counterbalanced, within-subject design, with two mentoring approaches: the control is 

Standard condition, and the intervention is Virtual Pointer condition. In the Standard condition, trainer instruction was 

conducted as it would be normally, through verbal or hand gestures. In the Virtual Pointer condition, the Virtual 

Pointer application was used by the trainers as an addition to standard guidance to facilitate instruction.  

The trainees worked on four simulated laparoscopic tasks under trainer guidance. The tasks were selected based on a 

hierarchical task analysis of the laparoscopic cholecystectomy procedure and confirmed by an attending surgeon that 

they were of similar difficulty levels and required both skills of anatomical structure identification and instrument 

manipulation. The tasks were performed on a validated laparoscopic training physical model 38, including (1) 

mobilizing the cystic duct and the cystic artery, (2) clipping the cystic duct, (3) clipping the cystic artery, and (4) 

cutting the cystic artery and the cystic duct. Task order and condition were counterbalanced for each trainee yielding 

a total of 14 runs in the Virtual Pointer condition and 14 runs performed in the Standard condition.  

The study was approved by the University of Maryland, Baltimore County institutional review board (IRB) and 

informed consent was obtained from all participants before their participation. After consent, the trainees and trainers 

completed a demographics questionnaire, which included information on their surgical experience and familiarity with 

the Kinect system. After each task, the trainees and trainers completed a cognitive load questionnaire. The study was 

video recorded and the operative field was screen recorded. 
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Figure 1. (a) Virtual Pointer user interface in pointing mode with list of verbal command (top left), current mode 

(top center), gesture recognition feedback window (bottom left), pointer (green dot on anatomy); (b) drawing mode 

(green lines trailing green dot); (c) Trainer using the Virtual Pointer - closed hand is used for drawing. 

Participants 

Participants were recruited from the Department of General Surgery, Anne Arundel Medical Center, Annapolis, 

Maryland - 7 surgical trainees (all male), including 1 surgical fellow, 1 research fellow, and 4 surgical residents (2 

PGY-1 and 2 PGY-2) were recruited. One attending surgeon and one surgical fellow were recruited as the trainers. 

The attending surgeon guided the surgical fellow in performing the tasks and the surgical fellow guided the rest of the 

trainees. None of the participants had any previous interactions with the Virtual Pointer before the experiment. 

Data Collection 

Subjective Measure of Cognitive Load. Subjective measures are considered an unobtrusive, and inexpensive method 

of assessing workload 39 and are commonly employed to assess surgeons’ cognitive load in training scenarios 40,41. 

Commonly employed cognitive load questionnaires for training are the Paas scale 42, a short, single 9-point Likert 

scale; and the NASA-TLX 43, a considerably longer, multidimensional scale. Given that the NASA-TLX requires 

more time to complete and the fact that it aims to assess overall workload, i.e., not only cognitive load, we chose the 

Paas scale for our study. The trainees completed it with reference to the mental effort they invested in understanding 

the instructions, from 1 – very, very low mental effort was invested; to 9 – very, very high mental effort was 

invested. The trainee completed the questionnaire after performing each task. The Paas scale was also used by the 

trainers to examine their cognitive load with reference to the mental effort they invested in giving the instructions. 

Objective Measure of Cognitive Load. We also included an objective, continuous physiological measure of cognitive 

load – EDA (electrodermal activity). This continuous measure allows us to assess temporal, dynamic aspects of 

cognitive load. Physiological measures have a high degree of sensitivity; allowing them to be used for measuring 

changes in cognitive load 44. The Empatica E4 wristband was used to record the trainees’ EDA used as the objective 

measure of cognitive load. The Empatica E4 wristband (Empatica Inc., US) was worn on the trainees’ non-dominant 

wrist. According to the E4 user manual, the nondominant wrist is recommended to minimize motion artifacts. At the 

start and end of each task, an event was tagged on the wristband through its physical button. These tagged events were 

to be used in the data analysis process for time synchronization. The data was recorded directly onto the E4’s flash 

memory, i.e., wirelessly. After recording each trainee, the E4 was connected via USB to a PC, and Empatica Manager 

was used to transfer the data to Empatica’s secure cloud platform, Empatica Connect. Each trainee’s data was then 

downloaded and renamed with her/his anonymized participant ID. The start and end time of each task was tagged 

directly on the data using the physical button on the wristband.  

Objective Measure of Trainee’s Response to Trainer’s Instruction. Video recordings were annotated to determine how 

often the trainee stopped performing the task to listen to instruction (i.e., single-task instances) and how often they 

continued performing the task while also listening to instruction (i.e., dual-task instances). All non-study-related 

events that occurred between tasks, such as waiting for equipment or fixing of the model were not considered in the 

analysis. In both mentoring conditions, only the trainees’ responses for each instruction given by the trainer were 

considered. In the Virtual Pointer condition, instructions using the Virtual Pointer, such as moving it to indicate a 

structure or using it to facilitate verbal instruction were annotated. In the Standard condition, verbal instructions such 

as “over here” and “move up higher” were also annotated. 
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Objective Measure of Number of Turns and Turns Length. To examine communication efficiency between the trainer 

and trainee, we analyzed the turn taking structure of communication. As communication becomes more efficient, turn-

taking increases and turns become shorter 27. The video recordings were annotated to count the number of turns the 

trainee and trainer took throughout each task. Both verbalizing and taking an action (e.g. the trainer giving an 

instruction and the trainee performing a laparoscopic action) were counted as turns. The length (i.e. amount of time) 

of each turn was also measured. As the number of turns throughout each task is associated with the length of the task, 

the fraction of number of turns to the sum of all turns’ length was computed as a normalized measure for each task. 

The analysis was performed on the normalized number of turns and length of turns.   

Data Analysis 

EDA Data Preprocessing. Observer XT version 14.1 (Noldus, Netherland) was used to synchronize the EDA data 

with the video recordings. Each trainee’s EDA data was normalized to a range between 0 and 1 as is standard practice 
45. For each specific comparison, normalization was performed across tasks which enabled us to compare subsequent 

experiences of each mentoring condition for each trainee. We focused our analysis of the EDA data around the points 

of instruction provided by the trainer in both mentoring conditions. We identified the times that the trainer used the 

pointing and drawing mode to show a location on the laparoscopic display and the corresponding points of instruction 

in the Standard condition. A verbal instruction in the Standard condition was considered corresponding to a Virtual 

Pointer instruction if it was given to show the trainee a location (e.g. “right in the middle”). The instructions were 

considered as stimuli in the EDA signal. The EDA signal has two components: the slowly changing skin conductance 

level (SCL) component, and the rapidly changing skin conductance response (SCR) component. The SCR occurs as 

a peak in the signal, generally as a response to stimulus between 1 to 4 seconds after stimulus presentation 46. 

Therefore, we extracted the EDA data for the first 5 seconds after the start of each instruction, Peak amplitude of the 

SCR has been used as an indicator of cognitive load 47. The EDA signal was decomposed into SCL and SCR by 

performing continuous decomposition analysis using the Matlab-based software, Ledalab 48. The amplitudes of the 

SCRs for the five-second intervals were computed and used in the statistical analysis. 

Statistical Analysis. Statistical analysis was performed using a linear mixed model to compare the trainees’ cognitive 

load between the two conditions for both subjective and objective measures. Because our intention was to focus on 

the effect of the Virtual Pointer on cognitive load over time, we modeled the mentoring conditions (Virtual Pointer or 

Standard) and the task order as fixed factors. Due to the similar level of difficulty of the tasks, we considered the task 

as a random factor. The trainees were also considered a random factor. All statistical analysis was performed using R 

version 3.2.0 (R foundation for Statistical Computing, Austria). The results are shown as mean and standard error of 

the mean. A p-value of less than 0.05 was considered statistically significant. 

Results 

Trainees’ subjective cognitive load scores 

The trainees’ average self-reported cognitive load scores were a bit higher in the Virtual Pointer condition (M=4.28, 

SD=1.72) compared to the Standard condition (M=3.78, SD=1.67) indicating that the trainees did not experience a 

significant increase of cognitive load when instructed using the Virtual Pointer (p=0.224) (Figure 2.a). We then 

investigated whether the trainees’ self-reported cognitive load scores decreased over time, meaning the second 

experience of using the Virtual Pointer perceived as less cognitively demanding in comparison to a second experience 

with the Standard method. We analyzed the differences in cognitive load scores between the first and second 

experience of each condition (Figure 2.b). Although the average cognitive load scores decreased by the second 

experience of each condition, the decrease within each condition was not significant. However, because the scores did 

decrease, we also analyzed the decrease between the second experience of each condition. Somewhat surprisingly, 

these results were not significant either; suggesting that the trainees’ perception of cognitive demand while using a 

Virtual Pointer is not significantly different from the Standard instruction.  

Given that the trainers’ cognitive load is also likely to be impacted by using the Virtual Pointer as an instruction 

mechanism, it was important to assess whether different levels of cognitive effort are required to provide the 

instruction. We compared the trainers’ average self-reported cognitive load scores across all tasks using the Virtual 

Pointer with all tasks in the Standard condition (refer to Figure 2.c). The results indicate that the trainers’ cognitive 

load actually decreased significantly with the Virtual Pointer (M=3.42, SD=1.45) in comparison to the Standard 

condition (M=5.64, SD=2.06) (p<0.001). This result suggests that the Virtual Pointer is more beneficial to use as an 

instructional aid than the traditional instruction method. 
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Figure 2. (a) Overall comparison of cognitive load scores of trainees between the Virtual Pointer and Standard 

conditions. (b) Comparison of cognitive load scores between the first and second experiences of each mentoring 

condition. (c) Comparison of trainers’ cognitive load score between the Virtual Pointer and Standard conditions. 

EDA Data and SCR Amplitudes 

We also examined the trainees’ EDA as it is an involuntary, continuous objective measure of cognitive load. Statistical 

analysis was conducted using the SCR amplitudes for the first 5 seconds after the start of an instruction with the 

Virtual Pointer and equal instructions in the Standard condition. A total of 62 Virtual Pointer instructions and 35 equal 

instructions in the Standard condition were identified. Overall, no significant difference was found in SCR amplitudes 

between the Virtual Pointer (M=0.031, SD=0.057) and the Standard condition (M=0.025, SD=0.033) (p=0.576) 

(Figure 3.a). This result confirms the finding of the subjective cognitive load measure. 

To have a better understanding of how additional familiarity with the system may impact cognitive load, we also 

looked at the SCR amplitudes between the first and second experience of each condition as illustrated in Figure 3.b 

For the Standard condition, similar to the subjective results, the decrease in SCR amplitude was not significant (first 

experience: M=0.030, SD=0.059; second experience: M=0.026, SD=0.021) (p=0.606). However, for the Virtual 

Pointer condition, there was a slightly significant decrease in SCR amplitudes from the first experience (M=0.037, 

SD=0.071) to the second experience (M=0.024, SD=0.034) (p=0.047). These results suggest that although there is an 

initial slight cognitive load on the trainees with the first experience with the Virtual Pointer system, this load appears 

to diminish by the second experience as the trainees become accustomed to the system. In fact, after the second 

experience of instruction with the Virtual Pointer, cognitive load in the Virtual Pointer condition is not significantly 

different from the traditional mentoring method of instruction. 

Single- and Dual-task Instances 

To investigate whether cognitive load may be attributed to how the trainees attended to the tasks at a fine-grained, 

instruction-by-instruction level, the occurrence of single- and dual-task instances was analyzed for each condition. 

Overall the percentage of single-task instances was higher than dual-task instances in both the Virtual Pointer 

condition (60.65%) and Standard condition (77.8%). To compare the two mentoring conditions, the percentage of 

single- and dual-task instances in each of the four laparoscopic tasks was normalized to a range between 0 and 1. 

Overall, there was no significant difference in the percentage of dual-task instances between the two mentoring 

conditions (p=0.146) even though the mean was higher in the Virtual Pointer condition (Virtual Pointer M=0.392, 

SD=0.152; Standard M=0.238, SD=0.373). To further examine the dual-task instances, the percentage of dual-task 

instances within and between the first and second experience of both conditions was analyzed (refer to Figure 4.a). 

The results show not only that the increase in dual-task instances within the Virtual Pointer condition was significantly 

higher in the second experience (p=0.01), but also that dual-task instances completely disappeared in the second 

experience of the Standard condition (p=0.004). Thus, the differences between the second experience of each condition 

are also significant (p<0.001) (Virtual Pointer: M=0.476, SD=0.115; Standard M=0, SD=0). These overwhelming 

differences in dual-task instances in the second experience of the Virtual Pointer suggest that as the trainees became 

more accustomed to the system, they were able to perform more of the laparoscopic task while watching and listening 

to the trainer’s instructions without negatively impacting their cognitive load. 
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Figure 3. (a) Comparison of the SCR amplitudes between the Virtual Pointer and Standard condition. (b) Comparison 

of the SCR amplitudes between the first and second experiences of each mentoring condition. 

 
Figure 4. (a) Comparison of dual-task percentage between the 1st & 2nd experiences of conditions. (b) Comparison 

of the turns length mean between conditions. (c) Comparison of the number of turns mean between conditions.  

Turn Taking Results - Number of Turns and Turns Length Mean 

To investigate whether the higher number of instances of dual-tasks while experiencing the same level of cognitive 

load in the Virtual Pointer condition is due to more efficient communication, the turn-taking structure, specifically the 

normalized number of turns (Figure 4.c) and turns length (Figure 4.b), was analyzed. Overall, there was a significant 

difference (p=0.01) in the turns’ length between the Virtual Pointer condition (M=1.975, SD=0.507) and Standard 

condition (M=2.535, SD=0.889). In addition, significantly higher normalized number of turns (p=0.01) were found in 

the Virtual Pointer condition (M=0.623, SD=0.142) compared to the Standard condition (M=0.487, SD=0.138). The 

shorter turns’ lengths and higher number of turns in the Virtual Pointer condition supports our assumption that the 

Virtual Pointer improves the communication efficiency, thus allowing for further cognitive processing. Consequently, 

trainees are able to perform dual-tasks while experiencing no additive cognitive load.  

Discussion and Conclusion 

The goal of this study was to evaluate a Virtual Pointer system in terms of how the added visual information affects 

trainee’s cognitive load, i.e. the effort needed for trainees to process instruction and task related information. Our 

hypothesis was that although the Virtual Pointer would add more visual information, it could improve communication 

efficiency between trainer and trainee, thereby allowing more space for cognitive processing.  

Overall, we found no additional cognitive load was associated with the Virtual Pointer after trainees became 

accustomed to the system despite the indication of prior work 22. There was a slight non-significant increase to the 

trainees’ cognitive load in the first experience of the Virtual Pointer condition compared to Standard condition. 

However, despite the addition of a visual source of information, i.e., a component seen to have the potential of causing 

increased cognitive load on trainees in a CSCL environment 25, it in fact does not impose more cognitive load on 
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trainees. In fact, once the trainees gained additional experience with the Virtual Pointer-based instruction, it was less 

cognitively demanding 20,21,50. This result is also in line with our previous findings that the benefits of a virtual pointer 

in improving the trainees’ performance become evident after initial knowledge is gained 37. 

Our further analysis shows the Virtual Pointer could improve communication efficiency between trainer and trainee. 

Trainees were able to perform more dual tasks – the laparoscopic task itself and watching/listening to the trainer’s 

instruction – with the Virtual Pointer without being cognitively overloaded. Moreover, an increase in dual task 

instances in the Virtual Pointer condition did not lead to higher cognitive load. This is especially interesting 

considering previous research has demonstrated that performing two tasks simultaneously is more cognitively 

demanding 14. Our findings that increased dual-tasks did not increase cognitive load suggests that the Virtual Pointer 

actually improves the communication efficiency between the trainee and the trainer, allowing the trainees to have 

further cognitive processing as suggested by Lim 18. According to the modality effect in Cognitive Load Theory, 

receiving both verbal and visual instruction leaves more cognitive capacity for trainees to perform more cognitive 

processing. Thereby, the combined visual and audio instruction provided with the Virtual Pointer may open more 

cognitive processing space enabling the trainees to listen to instruction and perform the surgical task simultaneously. 

This contrasts with the Standard condition in which less efficient communication, i.e only audio guided instruction, 

requires greater mental effort to visualize the instruction and perform the laparoscopic task simultaneously. Being able 

to perform two tasks simultaneously – the laparoscopic task in addition to watching and listening to the trainer’s 

instruction - may contribute to better comprehension and thus better performance as was indicated in 37 due to benefits 

of embodied learning 51. The embodied learning theory states that learning and consolidating mastery occurs better by 

physically practicing the task than by mentally simulating it. Therefore, the better performance of trainees while using 

a Virtual Pointer 37 might be the result of embodied cognition which is gained through performing and listening to the 

instruction at the same time.  

Limitations 

This study was conducted in a simulated training environment. However, the Virtual Pointer is intended for instructing 

trainees while they are performing laparoscopic surgical tasks on real patients in the operating room - a more complex, 

stress-inducing, and cognitively demanding condition. In the operating room, even a slightly higher cognitive load 

may result in poorer performance which could be detrimental to real patients. Thus, further studies need to be 

conducted to evaluate the use of the Virtual Pointer and possible unintended consequences to workflow in a real life 

operating room environment. In addition, while EDA has been recognized as the most precise physiological signal for 

measuring cognitive load 52, it is still affected by other factors, such as activity and movement. Although we removed 

the segments of EDA data identified to be influenced by factors other than cognitive load, there is still a risk that some 

of the observed changes in EDA may have other underlying origins not associated with cognitive load. One concern 

is distinguishing stress from cognitive load in EDA-based measurement methods. However, results from 49 on 

discriminating between stress and cognitive load demonstrate that SCR interval rate is a predictor of stress, while the 

number of SCRs present, used as our measure, is a predictor of cognitive load. Additionally, use of the non-dominant 

wrist for collecting EDA data, although recommended by the Empatica E4 user manual, might miss some relevant 

information related to cognitive load from the dominant hand.   
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