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Abstract 

Background: Medical simulation training has been shown to improve learning of 
medical professionals and outcome of patients. Research has thus long been 
trying to improve training even further to maximize this effect. With the advent of 
new technologies, such as eye tracking and biosignal measurement, this was 
taken to a more sophisticated level, providing insights into not only subjective 
experiences of trainees but also objectively measurable reactions of the body and 
mind. 

Aim: This thesis aimed to evaluate visual behavior and cognitive load in a group of 
medical experts and novices during a simulated resuscitation scenario, and to 
provide a sample size estimate for future research and to assess feasibility of such 
an approach.  

Methods: 7 novices and 5 experts – were included in this trial and underwent a 
standardized simulation scenario. Eye tracking glasses, a galvanic skin response 
(GSR) sensor and an electrocardiogram (ECG) chest strap were used to collect 
data. Additionally, NASA TLX and PAAS cognitive load questionnaires were 
completed by the participants after completion of simulation training. Data were 
then extracted and analyzed regarding visual behavior and cognitive load, 
comparing objective parameters such as velocity of eye movement and heart rate 
variability (HRV), with subjective experiences collected using the questionnaires 
mentioned above. Additionally, feasibility of this multi-sensor approach was also 
assessed, and sample size calculation was performed. 

Outcome: Besides small differences, e.g. in duration of fixation during some parts 
of the scenario, visual behavior in general appeared mostly similar in both groups. 
HRV parameters and questionnaire results also did not differ greatly, suggesting a 
similar cognitive load. Differences were mostly found within groups during different 
parts of the simulation scenario, e.g. in HRV or saccadic velocity. Regarding study 
size, a size of N = 34 was estimated to provide sufficient power for statistical 
testing. The used multisensory approach was highly feasible and well accepted by 
probands, apart from GSR measurement due to strong motion artifacts. 

Conclusion: A multisensor approach like in this work is highly feasible to collect 
data on cognitive load and visual behavior. Experts in a field do not necessarily 
seem to have a lower cognitive load. A study size of 34 participants was estimated 
to provide sufficient power for statistical testing. 
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Kurzfassung 

Hintergrund: Medizinisches Simulationstraining verbessert nachweislich die 
Prognose von PatientInnen. Durch den Einsatz moderner Technologien wie Eye-
Tracking und Biosignalmessungen können nun auch objektive physiologische 
Reaktionen erfasst werden. 

Ziel: Ziel dieser Pilotstudie war es, das visuelle Verhalten und die kognitive 
Arbeitslast von medizinischen ExpertInnen und weniger erfahrenen 
MedizinerInnen während eines simulierten Notfallszenarios zu untersuchen. 
Zudem wurde eine Fallzahl für weiterführende Studien errechnet sowie die 
Machbarkeit dieser Methodik überprüft. 

Methodik: Zwölf ProbandInnen – sieben ExpertInnen und fünf Neulinge – 
durchliefen ein Simulationsszenario, ausgestattet mit Eye-Tracking-Brillen, 
Sensoren zur Hautwiderstandsmessung und einem EKG-Brustgurt. Zusätzlich 
füllten sie Fragebögen zur subjektiven kognitiven Belastung aus. Die Daten des 
Blickverhaltens und der Herzfrequenz wurden zwischen den Gruppen und mit den 
subjektiven Angaben verglichen. Die Machbarkeit wurde ebenfalls mittels 
Fragebögen evaluiert. 

Ergebnis: Es wurden kaum Unterschiede – mit Ausnahme zum Beispiel im Bereich 
der visuellen Fixationsdauer – im Blickverhalten zwischen ExpertInnen und 
Neulingen festgestellt. Diese traten eher innerhalb der Gruppen zu 
unterschiedlichen Zeitpunkten auf, beispielsweise in der Herzfrequenzvariabilität 
oder der Sakkadengeschwindigkeit. Auch die kognitive Belastung, gemessen 
durch Herzfrequenzvariabilität und Fragebögen, war ähnlich. Für weiterführende 
Studien wurde eine Stichprobengröße von 34 Teilnehmenden ermittelt. Der 
Multisensoransatz wurde durchweg positiv aufgenommen. 

Conclusio: ExpertInnen und Neulinge unterscheiden sich nicht zwangsläufig in 
ihrem Blickverhalten und der kognitiven Last während eines Simulationstrainings. 
Zumindest 34 Personen sollten in eine weiterführende Studie eingeschlossen 
werden. Der hier verwendete Multisensoransatz wurde sehr gut angenommen.  
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1 Introduction 

1.1 Problem 
Becoming a medical professional comprises a (life)long way of learning, requiring 
the collection of experience. [1] Some of this experience is collected by treating 
actual patients, and some of it can and should be gained during simulated 
scenarios in a safe learning environment to avoid potentially life-threatening 
mistakes having an impact on an actual patient’s life. [2] 

For quite some time, research has tried to analyze how experts in a field make 
decisions and why and how the results of this study can be used to improve 
learning strategies for novices. [3].  

Tackling this question, this thesis aimed to combine medical simulation and state-
of-the-art technology, i.e. eye tracking as well as registration of galvanic skin 
response and heart rate, to analyze behavior during such a training scenario by 
assessment of gaze patterns and evaluation of cognitive load, that could be 
potentially used to improve novice learning.  

1.2 Hypothesis and Method overview 
Combining the aforementioned technologies, the working hypothesis that was to 
be evaluated was defined as follows:  

Are there potential differences in visual behavior and cognitive load during medical 
simulation between novices and experts in the field?  

To allow evaluation of this working statement, the following fundamental research 
questions were defined:  

1) Do gaze patterns and areas of visual focus potentially differ between 
medical experts and medical novices during a simulated cardiac arrest 
training scenario? 

2) Does cognitive load potentially differ between novices and experts during 
a simulation scenario? 
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3) What would be an appropriate sample size for further investigating 
differences in visual behavior and cognitive load? 

4) Is the usage of eye tracking and cognitive load equipment feasible during 
such a scenario? 

 
Regarding the method used to work on those questions, in brief, a prospective, 
observational pilot trial using two groups consisting of experts in the field of 
emergency medicine and emergency medicine novices, respectively, was 
designed. Both groups underwent a standardized pre-defined simulation scenario 
and eye tracking, GSR as well as heart rate data were collected. Subsequently, 
data were analyzed statistically. Also, feasibility of such a study setup was 
assessed using previously used questionnaires. [4], [5] 

1.3 Motivation 
The motivation to work on this topic derives from the personal learning and medical 
simulation experience of the author in combination with a growing interest in the 
medical teaching research community in the topic in general. [6] Summarized, by 
adding to the body of evidence in this field the ultimate goal is to provide a potential 
benefit to various groups:  

1) The trainees themselves – novices as well as professionals by receiving a 
personalized first-person recapitulation of a simulation scenario. 

2) Simulation / medical curriculum planners – by getting insights on what 
potential areas of education they might need to focus on in the future. 

3) Patients – by potentially better chances of surviving medical emergencies 
due to better educated medical staff.  

4) The healthcare system – by potentially profiting from more thoroughly 
trained personnel resulting in better decision-making processes and 
potential cost reduction by a decrease of unnecessary 
treatment/diagnostics/educational measures. 

5) States/Society – by reduced economic loss due to individuals being more 
likely to survive medical emergencies and return to work life.  

 
It shall be explicitly stated here that an attempt to translate the findings of the 
conducted study into a new learning strategy for young medical professionals 
was beyond the scope of this thesis, which merely, as already mentioned, aimed 
to add to the scientific foundation of future research in the field. 
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1.4 Frequently used terms and project outline 
To allow a deeper understanding of the topic, the most relevant terms, which will 
appear repeatedly during this thesis, shall be defined here briefly: 

• Cognitive load: Amount of workload that is posed on the human brain as 
an information processing system when dealing with information. [7] 

§ Cognitive load theory: Framework stating that, amongst others, human 
learning relies on so-called “working memory”, which processes incoming 
information. When the amount of cognitive workload exceeds the amount 
of working memory available, the learning effect diminishes. [8], [9] 

• Galvanic skin response (GSR): “a change in the electrical properties 
(conductance or resistance) of the skin in reaction to stimuli, owing to the 
activity of sweat glands“ as defined by the American psychological 
association. [10]. Used as a surrogate parameter for cognitive load in 
research. [11], [12] 

• Eye tracking: “the activity of studying the way that people's eyes move in 
order to discover what […] attracts their attention”. [13] This is performed 
using specialized devices, i.e. so-called “eye tracking glasses” to record 
human gaze and extract features such as gaze patterns, fixation 
frequencies, etc. 

A more thorough explanation of the mentioned terms will be provided in the 
background section. 

The remaining part of this thesis will be structured as follows:  
• A background section providing in-detail information of the existing 

literature and work in the field.  
• A section describing the requirements and methods necessary. 
• An implementation section covering the actual translation of the designed 

study to a real-world simulation scenario and the achieved results. 
• A thorough discussion of results in the context of the already existing 

research, weaknesses/potential bias as well as strengths of the used 
approach.  
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2 Background and Related Work 

A broad spectrum of background information is necessary to spotlight the key 
aspects of this thesis, reaching from medical simulation, eye tracking technology, 
and human decision-making theories, as well as cognitive load, its quantification, 
and its influence on decisions and learning. Necessary facts will be laid out 
subsequently. As the respective subtopics are not necessarily obviously 
interwoven with each other, a summary integrating the fragments into a 
comprehensive concept will be provided at the end of this section. 

2.1 Simulation in medical training 
Over the last decades, medical simulation has become a fixed point in teaching 
medical skills, to certified medical professionals, such as doctors or nurses, as well 
as bystanders. [14], [15] What started with a low-fidelity model of a human torso in 
the 1960s – the publicly well-known “Resusci Anne” – has nowadays evolved into 
a highly complex setting involving simulation mannequins with an ever-growing set 
of features (Figure 1) and integration of e.g. augmented reality, machine learning 
and analysis of trainee’s vital parameters. [16], [17], [18] Simulation environments, 
where participants can learn crucial medical skills without direct consequences of 
potentially fatal errors for patients, now have become dedicated hospital units with 
state-of-the-art technology and a size of 1000m2. [19]  

With benefit on student learning and patient outcomes, as summarized in a review 
by Mundell et al. already in 2013, large medical societies, such as the European 
Council of Resuscitation (ERC), or the International Liaison Committee on 
Resuscitation (ILCOR), specifically recommend the use of simulation in teaching 
skills, in this case cardiopulmonary resuscitation (CPR). [20], [21] Furthermore, the 
regularly published ERC guidelines for resuscitation specifically dedicate a whole 
chapter to the usage of simulation, covering the recommended level of fidelity, the 
importance of “human factors” as well as the role of debriefing, which will be 
covered in more detail below. [20] In this context, it must be mentioned, that the 
evidence regarding the effect of high-fidelity techniques, e.g. high-end simulation 
units, in simulation is somewhat equivocal, with some work showing improved 
knowledge retention and skill performance in students, whereas other publications 
showed that skill performance at one year after a life support course was not 
superior in a high-fidelity setting in comparison to low-fidelity circumstances, or that 
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high-fidelity could even lead to overestimation of knowledge gain while having no 
impact on life support skills [22], [23] Summarized, this means that more 
sophisticated technology does not automatically lead to more knowledge. 

2.1.1 Debriefing in Simulation 

Debriefing in the setting of simulation is defined as “[…] a discussion, reflection 
and analysis of a performance between individuals after resuscitation or training 
with the aim of improving future performance.” by the ERC. [20] It nowadays plays 
an important role in the feedback process after simulation, but has also, with mixed 
outcomes, been evaluated for usage after real-world in-hospital cardiac arrest. 
[20], [24], [25] While the effect of debriefing itself on learning rates after simulation 
has been proven, the “optimal” type of debriefing is yet to be determined. [26] No 
debriefing strategy, e.g. oral-only, video-assisted feedback, or usage of special  

techniques such as “debriefing for meaningful learning” (DML), which consists of 
a clearly defined process, spanning processing of emotions and critical review of 
the simulation scenario, has demonstrated a clear benefit over the other, as 
recently shown in a comprehensive review by Lee et al.[26], [27] Also, the timing 
and amount of debriefing have been under investigation, aiming to reduce the time 
consumed by debriefing, which is at the moment 20-30 minutes approximately.[28] 
More recently, with the advent of more powerful computational resources, new 

 

Figure 1 - A high-fidelity simulation mannequin. The displayed model allows the introduction of intravenous 

lines, application of non-invasive ventilation as well as auscultation of lung sounds. U.S. Army photo by 

Patricia Deal, CRDAMC Public Affairs, approved for public use. The appearance of U.S. Department of 

Defense (DoD) visual information does not imply or constitute DoD endorsement. 
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technologies, such as eye tracking, have found their way into simulation, 
debriefing, and medical education in general, a fact that will be discussed in more 
detail below. [6] 

2.2 Eye tracking  
The definition of eye tracking has been provided above. Some basic background, 
essential for further understanding of this master project, as well as eye tracking in 
a medical education environment, is now presented in this section.  

2.2.1 Basic information 

To enable understanding of eye tracking and how the gaze is connected to cerebral 
attention, a brief introduction into anatomy and how visual information is processed 
by humans shall be provided: 

The human eye comprises essential 
components enabling vision: These 
include the cornea, acting as the 
transparent outer layer; the iris, regulating 
light entry via the pupil; the lens, focusing 
light onto the retina; and the retina itself, a 
light-sensitive layer housing photoreceptor 
cells known as rods and cones. [29] These 
cells convert light stimuli into electrical 
signals, which are then transmitted to the 
brain via specialized retinal cells and the 
optic nerve. [30], [31] Structures like the 
vitreous humor also contribute to 
maintaining the eye's shape. It's noteworthy that all structures preceding the retina 
are involved in optical refraction, ensuring proper light projection onto the retinal 
layer for clear vision. [32] Figure 2 provides an overview of the human eye, 
including other structures.  

Rods and cones, distributed unevenly across the retina, are most densely packed 
within the fovea, a specialized region situated in the retinal macula, which 
represents the retinal center and the spot of most accurate vision. [32], [33] The 
fovea plays a pivotal role in achieving accurate vision and discerning fine details 
due to its exceptionally high density of cone cells. [34] This concentration enables 
precise visual perception necessary for tasks demanding detailed vision, such as 

 

Figure 2 - Structures of the human eye. Image by 

Rhcastilhos, used under CC BY-SA 3.0  
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reading. [35] Only if text is foveated, meaning, that vision is directed by the eye’s 
muscles (Figure 3) in a way so that text hits the eye’s fovea, it can be viewed 
sharply and thereby read and understood. [36] Upon transmission to the brain, 
visual information undergoes intricate processing. The optic nerve conveys 
electrical signals to the brain's visual cortex, particularly the occipital lobe, located 
at the very back of the brain, where primary visual processing occurs. [32] 
Information from the primary visual cortex (V1) is subsequently relayed to various 
brain regions for further processing. Current theories suggest that multiple brain 
regions must work in concert to facilitate the phenomenon of "visual 
consciousness". [37] More 
information on the connection 
between the eye and the mind 
is provided in a dedicated 
section below. 

Human visual attention is 
complex and focusing on an 
object does not necessarily 
implicate that an individual is 
also always directing its 
complete conscious attention 
to it. [38] Nevertheless, it has 
been shown that eye 
movements and attention are 
connected and that visual attention even can precede and initiate eye movements. 
[39] Once the eye comes to a standstill, one can presume that an individual is 
directing visual attention to the current point of view, a process also known as 
fixation (which again leads to  the foveation of a certain part of the visual field which 
seems of particular interest at that moment). [36] To move the eye(s) from one 
fixation point to another, fast movements, also called saccades, are performed by 
the eye muscles. [40] Frequently reported durations for fixations and saccades are 
200-300 milliseconds (ms) for fixations and 30-80 ms for saccades. [36] 

2.2.2 Eye tracking technique 

Eye tracking is performed using special equipment following a participant’s gaze. 
This equipment can be mounted e.g. on a computer screen or, as often the case, 
worn as a special pair of glasses connected to processing units. [41] Wearable eye 
trackers employ a multi-camera approach, with specific cameras directed toward 
the subject's eyes to conduct the tracking process. Meanwhile, other cameras 
operate concurrently, capturing the surrounding environment. This simultaneous 

 

Figure 3 - Overview of eye the muscles. A human eye is displayed from 

above after removing parts of the skull. Used with permission from [47], 

licensed under CC BY-NC-ND 4.0 
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recording enables the system to estimate not only the gaze point within the scene 
but also to detect if a participant is fixating on certain point and thereby foveating 
it, i.e. putting it in the center of visual attention. [42] 

In contemporary gaze detection systems, the prevailing method is pupil illumination 
using infrared light. [36] This approach allows accurate tracking of ocular structures 
and, because infrared light is invisible to the human eye, does not disturb the 
subject during task performance, in contrast to visible light approaches. [43], [44] 
The appearance of the pupil in a captured image depends on the angle at which 
the light source intersects with the eye. If the light source aligns closely with the 
optical axis of the recording camera, the pupil appears bright, resembling the red-
eye effect in photography. Conversely, if the light source is positioned more off-
axis, the pupil appears dark. The used approach may vary between systems. [36] 
The eye tracking system can then detect the pupil, which is clearly distinguishable 
from its surroundings, and calculate an estimate of the direction of gaze by 
processing the acquired data with refined computational processes (Figures 4 and 
5). Additionally, but not obligatory, some systems also use corneal reflections, also  

called “Purkinje images”, in this case produced by the infrared light sources, as an 
additional reference point. [36], [45], [46]  

 

Figure 4 - Schematic representation of eye tracking using an infrared (IR) light source. The 

eyes are illuminated using an IR light source to avoid optical distractions for the 

participants. Illustration adapted with permission from [43] © 2011 IEEE Image of tracked 

pupil used with permission from Viewpointsystem GmbH, Vienna, Austria 
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Using specialized software, a researcher can then proceed and analyze the 
recorded data in terms of various parameters. Those relevant to this work, 
including a definition, are provided in Table 1 in the methods section.  

 

 

2.2.3 Eye tracking and the mind 

Various experiments have shown a connection between ocular activity and thought 
processes. [47], [48], [49] Already in 1967, Al’fred Yarbus showed that people 
attend to different kinds of sections of a picture when asked to answer questions 
related to it. The image used showed a scene of people in a house. When the 
subjects were asked to estimate the age of the displayed individuals, they focused 
more on their faces. However, when the task was to remember people’s positions, 
they paid less attention to specific details and more to the general location of 
objects. [50] Fascinatingly, Yarbus used an apparatus consisting of suction caps 
that were attached to people’s eyes to make eye tracking possible. [51] From the 
mentioned examples and many more in his book Eye Movements and Vision, 
Yarbus concludes that “Eye movements reflect the human thought processes”. [50] 

 

Figure 5 – Eye tracking data flow for the VPS 19 glasses used for this work. The incoming optical signal is 

registered by IR eye-cameras. After being processed by an integrated FPGA, information is then transmitted to 

the smart unit via USB, where further signal analysis, including ML-based pupil detection and gaze analysis, is 

performed. Afterwards, the output can be recorded, or transmitted for further usage via standard network 

protocols. FPGA: field programmable gate array, IR: infrared, ML: machine learning, SCTP: stream control 

transmission protocol, UDP: user datagram protocol, USB: universal serial bus, VPS: Viewpointsystem 
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Since then, technology has become more sophisticated, and modern research 
dissected ocular movement into its finer subparts, individually analyzing these to 
gain insights into human cognition. [49] For example, Velichkovksy et al. have split 
up fixation durations in an experimental setting, aiming to distinguish between 
“preattentive scanning” and actual cognitive analysis of a (critical) optical stimulus. 
This work showed that once a critical – and thereby mentally challenging – event, 
occurs, fixation duration increases. [52]  

In a comprehensive review, Eckstein et al. present evidence of how eye tracking 
metrics have been used in the past to draw conclusions about the human mind, 
ranging from cognitive approaches to problem-solving, reading or learning and, 
even connections between ocular behavior, such as frequency of blinks, and their 
connection to neurotransmitters, e.g. dopamine. [49]  

Of particular interest from this summary to this thesis, and thus briefly presented 
here as examples, is the primary work of Grant et al. as well as Lai et al: Grant’s 
workgroup showed, in an experiment with university students, that eye tracking 
can detect differences in fixation areas between students who successfully inferred 
a solution on a presented problem and those who failed to do so. Moreover, after 
identifying solution-relevant areas of a graph used for this problem and highlighting 
it in a follow-up test, they were able to dramatically improve success rates, 
demonstrating that fixations can be used to draw conclusions on cognition 
processes and improve solution rates. [53] Lai et al, in a literature review, identified 
113 studies in total using eye tracking in some form to gain insights into human 
learning, also covering the topic of instructional strategies and processing of 
information. [54] Regarding the instructional strategies, they e.g. present primary 
work that investigated possible effects of “cued” animations of the human 
cardiovascular system, i.e. animations where various subparts are visually 
highlighted in a predefined sequence. Using eye tracking, the authors of this 
mentioned study found that cueing itself may help to focus on important areas but 
does not necessarily improve understanding. [55] 

In summary, this demonstrates that eye tracking has been and is used extensively 
to gain insights into processes of the human mind. In one sentence, it backs the 
eye-mind hypothesis, which, simplified, states that visual fixations normally reflect 
the cognitive focus. [48] Importantly, eye tracking research has also looked into 
differences between experts in a field and novices, an aspect of particular 
relevance to this thesis. [56], [57] Using this approach, differences in attention 
allocation were identified: It was shown that experts in a field, in this case, chess 
players, fixate on relevant areas of a task more often using fewer fixations overall, 
which led to faster problem-solving, in comparison to less experienced players. 
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[58] Practice plays an important role in this as shown by Haider et al: Over time 
and with increasing experience, fixation of task-relevant areas gradually improves. 
In the authors’ conclusion, information that is not relevant to a task is not perceived 
anymore by skilled individuals, but left out already on a “[…] perceptual […] level 
of processing.” [59] 

2.2.4 Eye tracking in medical simulation 

Eye tracking technology has been used in various settings throughout the medical 
field, including evaluation of differences in expert versus novice visual behavior 
and identification of error-prone processes. [6], [60] Of particular importance to this 
thesis are its’ applications in medical simulation settings, where video feedback 
has been used for quite some time, but more from a third-person perspective. [61] 
It was shown that eye tracking technology was ranked as highly effective by 
simulation participants in aiding learning success and the post-simulation feedback 
process. [62] Henneman et al. described Eye tracking as a feasible approach to 
gain additional information for debriefing after simulation, resulting in improved 
performance of patient safety-related tasks. [60] The same group also sees 
potential in Eye tracking to improve simulation design by analyzing expert 
behavior, objectively documenting participants’ errors, or adherence to e.g. 
standard operating procedures. [63]  

In terms of inter-group differences, Browning et al found evidence that nursing and 
paramedic students vary significantly in their visual behavior during a simulated 
medical emergency, with the nursing students looking significantly more often at 
an assistant who was provided to guide them through the scenario. This might 
reflect differences in emergency experience, i.e. expertise. [64] Additionally, 
Tanoubi et al. showed that medical residents, who managed to complete an 
emergency simulation scenario, needed significantly less time to identify the area 
of interest (AOI) containing the necessary equipment to stabilize the patient and 
subsequently dwelled significantly less on this AOI, implying that they were ready 
to use the provided tools. [65]   

In total, there is sufficient evidence nowadays to accept Eye tracking as a valuable 
approach in medical learning and simulation training.  
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2.3 Decision theories for medical education 
As the first two parts of this section provided an introduction to simulation and Eye 
tracking, the following part shall now cover some of the psychological aspects of 
this thesis, which were in focus of investigation using the techniques mentioned in 
the method section below. This mainly regards potential differences in decision-
making between experts and novices as well as the amount of resources they have 
to dedicate to processing medical scenarios.  

2.3.1 Experts’ vs. Novices’ decisions 

Research has shown clear differences in problem-solving processes between 
experts in a field and novices. [66] Klein and Hoffmann emphasized the approach 
of seeing expert thinking as a perceptual-cognitive skill rather than just the 
collection of sheer knowledge and working hours, with some key aspects [67]: 

1. The capability of experts to register not explicitly visible cues/patterns or 
even their absence when they would be expected – i.e. experts perceive 
the world around them differently – which represents expertise as a 
perceptual-cognitive skill. [67] 

2. The ability to simulate a situation mentally and therefore evaluate possible 
consequences of available options and to imagine what has happened prior 
to the present scenario. [67] 

3. The usage of an expert’s knowledge base to implement top-down thinking 
strategies, such as deductive reasoning (i.e. a form of thinking where a 
specific conclusion is drawn from general ideas) [68] 

This skill is then helpful in making decisions under complex, real-world 
circumstances, including shortness of time and overload of information as well as 
the management of uncertainties, a process that is also referred to as 
“Macrocognition”. [69] In a stressful medical situation, such as an Emergency 
Department, experts tend to be better at macrocognitive problem solution – i.e. 
seeing the “bigger picture” of a problem and dynamically adapting their solution 
strategies as the problem evolves – than novices, which tend to rely more on 
previously collected objective data and ignore information that does not fit their 
pattern of solution. [3] 

2.3.2 Clinical decision-making in emergency situations 

Clinical decision-making can be seen as the competence to make decisions on 
diagnoses and treatments for patients based on provided information, such as 
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symptoms (reported by the patient), signs (registered by the examiner), or past 
medical history. [70] It has nowadays been recognized as a crucial medical skill, 
developing over time and with exposure to clinical cases, being emphasized also 
in medical curricula. [71] One form of drawing conclusions in context with clinical 
decision-making is reflected in the usage of the hypothetico-deductive model, 
where professionals in a linear manner first generate a (working) hypothesis, then 
move on to its evaluation, refinement and finally – although this step is often 
omitted in emergency situations due to, time pressure – verification. [72] Also, the 
concept of “dual process theory” has gained increasing attention in the context of 
clinical reasoning. [73]  

Made popular by Kahneman in his book “Thinking, fast and slow”, the theory 
basically states that the brain uses two “systems” to solve problems: “System 1” 
relies on fast, intuitive thinking that uses little effort but is also prone to mistakes. 
“System 2” on the other hand can be described as a more conscious, analytical 
process of thinking, requiring more energy and working a lot slower. [74] Congdon 
et al laid out its implementation in the clinical setting based on earlier research, 
stating that “System 1” is mainly used when dealing with known, frequent symptom 
patterns, and “System 2” is active when a clinician is facing a complex, less 
common case. [71] At present, the most popular approach to the two systems in 
clinical thinking is that they work simultaneously. Ten Cate describes the process 
of generating a differential diagnosis as an initial attempt of pattern recognition 
(System 1) and, if this attempt fails, a fallback on “causal reasoning”, i.e. trying to 
generate a hypothesis through a process of deliberate thought (System 2). [75]  

On the other hand, the idea of naturalistic decision-making, also found its place in 
the discussion of decision-making in the medical field, especially when time for 
structured linear thinking is scarce, resembling often the situation in emergency 
departments, as pointed out in [3]. Naturalistic decision-making theory aims to 
account for factors that influence the process of how decisions are made in real-
life scenarios, which include e.g. the lack of time or rapidly changing 
circumstances, putting a lot of focus on how especially experts act under those 
conditions. [76], [77] 

Al-Azri even proposed a specific mental model for decisions during a medical 
emergency: It, especially in the first moments of a medical emergency, emphasizes 
that expert physicians must rely on pattern recognition for early life-saving 
treatment decisions, again mentioning that novices tend to struggle with this kind 
of approach. [78] The author then describes a transition to more linear decision 
approaches, such as the already mentioned hypothetico-deductive model, as the 
patient somewhat stabilizes, and time now allows a thorough investigation. He 
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states that this kind of dynamically adapting decision strategy is “presented 
informally or insufficiently in emergency medicine training or education”. [78] 

To summarize, the process of decision-making in a clinical setting is complex, and 
not yet fully understood with multiple concurring theories, interacting with each 
other. Again, Eye tracking has been used in an attempt to gain insights in this area. 
[79] 

2.4 Cognitive Load and its influence on 
learning 

A short definition of cognitive load has been provided earlier, with working memory 
being one of its key features. Like a computer, the human brain can address 
resources to tasks that are performed at a given moment, but those resources are 
limited. [80] In 1956, George Miller showed that the human brain can process no 
more than seven items of new information (± 2) simultaneously. [81] Based on 
earlier research in this field, including e.g. the human capacity to distinguish the 
pitch of tones, he lays out that there is a limit to the amount of information that can 
be processed by the human brain, when participants need to decide between 
presented alternatives. [81], [82] Miller calls this “channel capacity” and expresses 
the capacity of those channels in bits, similar to computers: One bit, in this context, 
is defined as the amount of information involved in a decision between two equally 
likely alternatives. [81]  

In the abovementioned experiment using pitches of tone, the channel capacity was 
found to be 2.5 bits or roughly 6 tones, that could be distinguished by the 
participants correctly. Everything greater than this led to an increasing number of 
errors. [82] Later, cognitive load theory was developed and refined based on such 
findings. [9] In an article specifically targeting the implications of cognitive load 
theory on educational technologies, Sweller, who contributed substantially to the 
development of the theory, lies out its framework, dividing human knowledge into 
two forms, originally introduced by Geary [83], [84]:  

a) “Generic-cognitive”, also termed as biologically primary. This form of skills 
is generally inherited and develops naturally, meaning also, that they 
cannot be improved by teaching. An example would be the ability to listen. 
[83], [84] 

b) “Domain-specific” skills. These skills, in contrast, can be taught and at the 
same time need explicit advising. [83], [84] 
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Cognitive load theory (CLT) focuses on the latter form of knowledge, and how the 
amount of cognitive load that a learning system with limited resources faces may 
influence learning success. [85]  

It emphasizes the fact that the working memory part of the human brain is limited 
and serves as a bottleneck for storing knowledge in long-term memory, which was 
Termed by Sweller as “The narrow limits of change principle”. [84] Every new piece 
of information needs to be processed by working memory before it can be stored 
in long-term memory, organized in a schema-like manner. [84] Keeping this fact in 
mind, CLT aims to provide a framework that intends to support presenters of 
information in preparing the to-be-taught content in a way that does not exceed the 
working memory of learners and thereby optimizes the learning effect. [85] Also, in 
a paper from 1991, Sweller et al. provide some evidence on how CLT has 
influenced the generation of new experiments and how it supported the concept of 
schema theory, which states that novices in a field must rely on means-end 
analysis for problem-solving, whereas experts solve problems much faster and 
more accurate using the already mentioned schemata, previously acquired 
through experience. [86], [87]  

Before the focus is put on how cognitive load is measured, which has also been 
highly relevant for this work, it is important to split cognitive load itself into its three 
main components:  

• Intrinsic cognitive load refers to the intrinsic complexity of the material that 
needs to be internalized. This depends strongly on how elements within the 
material are interwoven with each other, meaning if they can be learned 
independently or must be understood simultaneously, a concept that is also 
called element interactivity. [88] 

• Extraneous cognitive load refers to the amount of cognitive load that is 
additionally superimposed on the learners by the quality of teaching 
methods. It should be minimized to free resources for dealing with intrinsic 
complexity. [85] 

• Germane cognitive load, which addresses the effort to transform the 
presented knowledge into schemas, which can then be used for problem-
solving. This can only be successful if there is some working memory 
capacity left that allows schema acquisition. [85] 

Briefly summarized, in an optimal setting, extraneous cognitive load in a learning 
environment is reduced to a minimum to allow resources to be allocated firstly to 
the processing of the problem’s inherent complexity, i.e. to deal with intrinsic 
cognitive load and, secondly, to the usage of techniques to transform this 
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knowledge into schemas in long term memory, which represents germane 
cognitive load. [85] 

As it is of relevance to this thesis, it shall also be mentioned that there is evidence 
that high cognitive load may not only hinder learning, as outlined above, but also 
clinical reasoning and decision-making, rendering cognitive load an interesting 
target for this setting as well. [89]  

2.4.1 Measurement of cognitive load  

Substantial effort has been made so far to quantify the amount of cognitive load 
subjects experience during learning. To achieve this, both subjective as well as 
objective approaches have been chosen. [90] Those with relevance to this thesis 
shall be presented here. In principle, approaches to quantify cognitive load can be 
divided into subjective approaches, where participants answer questionnaires 
defined to measure cognitive demands, and objective approaches, trying to 
estimate cognitive load using biosignals. [90], [91], [92] 

2.4.1.1  Subjective measurement of cognitive load using questionnaires 

Two frequently used approaches are the Paas cognitive load questionnaire as well 
as the National Aeronautics and Space Association’s (NASA) Task Load Index 
(TLX).  

2.4.1.1.1 Paas questionnaire 

PAAS cognitive load scale, named after the author of the initial research article, 
was developed, and published, for the first time in 1992. [93] In the original paper, 
Paas used it to test different forms of learning materials in teenage students, which 
again were developed based on the already mentioned cognitive load theory by 
Sweller. [86] The study showed that those students who used learning materials 
that contained already solved problems, which the students could use as examples 
for correct solutions, performed better in a subsequent test covering statistical 
basics. [93]  

The scale itself consists of only 1 item, rated on a nine-point Likert scale, based on 
a scale for measuring the amount of difficulty experienced by participants when 
solving a task, originally developed by Bratfisch et al. [94] Study participants had 
to rate their perceived mental effort from “very, very low mental effort”, 
corresponding to 1, to “very, very high mental effort”, corresponding to 9. [93]  

Due to its subjective nature, Paas’ approach has been in the focus of discussion 
and criticism ever since, e.g. because of the assumption that participants 
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understand the concept of “invested effort” and that every participant can 
sufficiently reflect the perceived effort during solving a task. [92] Also, the scale 
has been used inconsistently regarding wording, sometimes evaluating “task 
difficulty”, and sometimes assessing “perceived mental effort”. The former was 
shown to more accurately reflect intrinsic cognitive load, the latter germane 
cognitive load, as they were defined above. [95]  

Nonetheless, as summarized by Paas himself in 2003, subjective measurement of 
cognitive load using rating scales has been used extensively. [91]  

2.4.1.1.2 NASA TLX 

NASA’s TLX is another approach to evaluating cognitive load connected to task 
solving. It was developed in the 1980s for aviation and defined by one of the 
developers, Hart, as a “multi-dimensional scale designed to obtain workload 
estimates from one or more operators while they are performing a task or 
immediately afterwards”, which has since been used in hundreds of studies. [96] 
In brief, an overall workload is calculated as the sum of various subjective sub-
workloads in the categories of mental demand, physical demand, temporal 
demand, performance, effort, and frustration. [97] Each of the respective results is 
weighted, as users might find different subcategories to have a different impact on 
total workload. The weights for this process are acquired a priori by letting users 
rate their subjective importance of every subcategory regarding total workload. 
Summing the weighted results eventually returns the total weighted workload for a 
task. [97]  

It has to be mentioned that the TLX and Paas scale differ in a way that the Paas 
questionnaire exclusively aims to measure cognitive effort, whereas the TLX takes 
a more holistic approach in attempting to measure the combined concept of 
workload. [93], [97]  

Additionally, as mentioned by Hoonakker et al in [98], who looked into workload of 
intensive care unit nurses, different definitions of this sometimes hard to exactly 
grasp framework exist. One of them was provided by Vredenburgh et al., defining 
workload as “[…] a construct used to describe the extent to which an operator has 
engaged the cognitive and physical resources required for task performance”, 
based on the work of Backs et al. [99], [100] 

It can be argued that the TLX is nowadays the most popular tool used for assessing 
task workload. [101] Its use and popularity have outgrown all other available 
subjective workload questionnaires by far, with search results of TLX-related 
papers lying in the thousands, while other questionnaire options produced no 
results at all. [102] 
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Yet, TLX has also faced criticism: McKendrick et al., for example, questioned its 
ability to correctly reflect workload and, especially, pointed out that the results of 
subscales might also be influenced by how participants interpret their respective 
meanings. Also, they raised doubts that subscales adequately reflect effects that 
they claim to measure, e.g. task performance assessed by the performance 
subscale. [103] De Winter et al., who performed the TLX search analysis 
mentioned above, have furthermore attributed the TLX’s success partly to the 
“Matthew effect”, meaning that the already huge popularity of the TLX even more 
strongly amplifies its usage and thereby leads to even more popularity. [102], [104] 

Nonetheless, TLX has been shown to be a valid approach of measuring workload 
multiple times, also in a healthcare setting. [98] Coming back to the work of 
McKendrick et al., even in this work it was stated that the subscale of mental 
demand adequately reflects the objective mental demand placed on subjects. [103] 

Summing up the available evidence, the Paas Questionnaire and NASA TLX 
represent two popular subjective approaches to measuring cognitive and overall 
workload. The adapted Paas Questionnaire, integrated into the “Debriefing 
Questionnaire”, as well as the NASA TLX Questionnaire, are provided in the 
appendix 

2.4.1.2 Objective measurements of cognitive load 

2.4.1.2.1 Galvanic skin response 

With the abovementioned problems connected to the subjective measurement of 
cognitive load, naturally, an effort has been made to develop reliable objective 
techniques for its quantification. These range from the measurement of pupil 
dilation, functional magnetic resonance imaging techniques, heart rate, and heart 
rate variability as well as GSR. [12], 
[105], [106], [107] As GSR was of 
importance to this thesis, it shall be 
explained in more detail here:  

To begin with a brief anatomic 
summary, the human skin is 
comprised of various layers, the 
epidermis, dermis, and hypodermis, 
with the epidermis representing the 
outermost layer (Figure 6). 
Throughout the whole skin surface, 
embedded sweat glands can be 

Figure 6 – Layers of the human skin with associated appendages. A 

sweat gland body is depicted in the middle layer of the skin, the 

“dermis”, with a duct reaching the epidermis. Image by Daniel 

Souza, licensed under CC BY-SA 3.0 Deed 
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found with a maximum concentration at the palms of the hands, soles of the feet, 
the forehead, and armpits. The majority of sweat glands belong to the so-called 
“eccrine” type, producing a watery solution. [108] Besides their crucial function in 
thermoregulation, some of these glands also respond to psychological stimuli, and 
increase their activity due to triggers such as fear or cognitive stress. Most of those 
psychologically “active” glands are located again at the palms and soles. [109] 

Human sweat represents an electrolyte solution, mainly consisting of water and 
sodium chloride as its major salt component. [110] It influences the skin’s ability to 
conduct electrical currents. [111] Simplified, as the body is exposed to a stimulus 
and produces sweat, electric skin resistance decreases, and conductivity 
increases. Cacioppo describes this network of glands more detailed as a “set of 
resistors”, that allow electrical currents to flow with less resistance, as sweat rises 
in the duct of sweat glands. [109]  

This phenomenon can be measured using various methods. The most popular 
method used today is the “exosomatic approach”: A small electrical current, 
harmless to the participant, is applied between two skin electrodes with constant 
voltage, and changes in conductivity as well as resistance due to psychological 
activation are then measured. [112]  

The physical rationale behind this is that, like in other electrical current 
phenomena, Ohm’s Law can be applied, describing the relationship between 
Voltage (V), Resistance (R), and electric current (I) as I = V/R. [113] As the voltage 
applied is held constant, as mentioned above, via measuring the resulting electric 
current between two skin electrodes, one can then calculate skin resistance, 
expressed in the unit of Ohm (Ω) and its reciprocal, skin conductance, which is 
expressed in the unit of Siemens. In terms of skin conductance, the values lie in 
the range of microSiemens (µS), and for resistance are located in the range of kΩ 
to MΩ. [109] 

Using this method, a conductivity and resistance signal is then acquired and plotted 
over time, which can be analyzed. The signal mainly consists of a tonic component, 
representing a “baseline” of psychovegetative activation, also called skin 
conductance level (SCL) with a phasic component, that resembles spikes or peaks, 
stacked on top of it, called skin conductance responses (SCR, Figure 7). [111], 
[112] Whenever such a peak in the GSR signal occurs in proximity to a stimulus, 
e.g. a picture, one can use this as a surrogate for cognitive activation/load. This is 
then also referred to as “event-related” SCR. [111] As pointed out by Stern et al. 
this feature is not exclusive to GSR signals, but to psychophysiological signals in 
general, also including heart rate for example. [114] 
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In summary, galvanic skin response is a frequently used approach to objectively 
measure cognitive load by measuring changes in electrical skin properties. [11], 
[12], [18] 

2.4.1.2.2 Heart rate – Heart rate variability 

The second biomarker set that was of importance to this thesis in conjunction with 
cognitive load is formed by heart rate (HR), i.e. the number of heartbeats per unit 
of time, generally reported in beats per minute, and heart rate variability (HRV), 
which can be defined as the variation of heart rate between two consecutive 
heartbeats. [115] Like heart rate, it can be influenced by the autonomic nervous 
system, the part of the human body’s nervous system that is generally concerned 
with the regulation of bodily functions. [116] External stimuli, such as psychological 
and physical stressors, can trigger autonomic responses that lead to changes in 
body functions, such as an elevation of heart rate or a change in HRV, that allow 
coping with forthcoming external, including psychological, challenges. [117]  

HRV variability is calculated using electrocardiogram (ECG) signals, as shown in 
Figure 8. The distance between two consecutive beats is determined using the 
major spike of an ECG, also called R wave, and reported in milliseconds. The heart 
is not beating at a perfectly constant rate even under stable conditions and thus, 
time between two beats, i.e. between two R waves, varies. [116] This variation in 

 

Figure 7 – The GSR signal and its components. Tonic GSR signal (line) with intermittent peaks stacked on top (black arrows). 

Self-created figure using iMotions 10. 
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time is measured and reported as heart rate variability. Both too little and too high 
HRV may reflect pathological conditions. [117] 

In this context, HR and HRV have been evaluated as possible markers for cognitive 
load and stress, in general learning but also a medical decision and learning 
context. [89], [105], [118] Results are sometimes conflicting, with HR and HRV 
being reported as less sensitive in comparison to subjective quantification of 
cognitive load, e.g. in a reflection by Paas et al. on their work in the field, but also 
as valid cognitive load markers by others. [89], [119] In a meta-analysis performed 
by Hughes et al., cardiac biosignals such as the ones just outlined, were, in 
summary, reported as being a valid approach to objectively quantify cognitive load, 
as an influence of load on them has been demonstrated. [120] 

  

 

Figure 8 – Example of heart rate variability extraction from an exemplary electrocardiogram (ECG). 

The distance between two consecutive “R” waves of an ECG is measured in milliseconds, with 

subsequent calculation of the variation of this distance from beat to beat. BPM: Beats per minute, 

Ms: Milliseconds. Image by YitzhakNat, used under CC BY-SA 4.0 / Cropped from original 
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2.4.1.2.3 Eye tracking 
Regarding eye tracking, higher fixation duration, higher saccade velocity and 
number of saccades, as well as shorter saccade duration and amplitude, have 
been reported to reflect higher cognitive load. [121], [122], [123], [124] 
Nevertheless, it must be mentioned that regarding saccades, reported correlations 
with cognitive load are somewhat contradictory, with a position paper from 
Zagermann et al, e.g. stating, that longer saccades, in terms of covered distance, 
indicate higher cognitive load, whereas Keskin et al. e.g., as well as Chen et al., 
report shorter saccades with increasing load. [122], [123] 

2.4.2 Cognitive load in medical education 

To conclude the section on cognitive load, a few examples of how it has been used 
in medical simulation shall be provided, as the cognitive load approach has also 
gained momentum in medical teaching. [125]  

Even more specifically and of importance to this thesis, developers of medical 
simulation have asked the question of how to incorporate frameworks such as 
cognitive load into the design of medical simulation scenarios to maximize learning. 
[8] For example, Fraser et. al reflect on implications of CLT specifically for medical 
simulation, pointing out that there might be an optimal load for learning, which must 
not be either too low or too high. They also carry on and give specific 
recommendations for the respective subphases of simulation, like the debriefing 
process and how to manage the different categories of cognitive load, which have 
been defined above. [8]  

Importantly, in the same work, limitations of CLT in a medical simulation 
environment are also discussed, including the fact that CLT was developed for 
environments a lot more controllable and expectable, such as classrooms. While 
under these circumstances cognitive load seems a lot more adaptable, there are 
a lot of “uncontrollable variables” during medical simulation, as the authors point 
out, such as equipment malfunction, which might influence load. Also, emotions 
play a substantial role during simulation training and might reflect a part of cognitive 
load that deserves active “load management”. [8] 

Importantly, research has also been looking into the validity of cognitive load 
measurement approaches during medical simulation: A work on cognitive load in 
respirology and internal medicine residents, for example, showed that the overall 
NASA – TLX and the Paas questionnaires might not be used interchangeably for 
measurement of total cognitive load, as the two approaches did not correlate with 
each other in terms of overall load score. Only, as the authors reported, the 
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subcomponent of intrinsic cognitive load was equally assessed by both. [126] 
Other work from the same group investigated cognitive load assessment in 
simulation in general, including aviation and medicine. The study included 
subjective as well as objective approaches to cognitive load measurement. 
Interestingly, in this analysis correlation between cognitive load and learning 
ranged from positive to negative, with low validity evidence for cognitive load 
assessment, suggesting the need for further development and validation of 
cognitive load quantification tools. [127] 

Nonetheless, the CLT framework has been used in contemporary simulation-
associated research, also in combination with emerging technologies, including 
virtual reality (VR), task-evoked pupil response, and automated adaption of 
medical simulation difficulty via real-time cognitive load assessment using galvanic 
skin response, heart rate variability, and machine learning. [18], [128] Interestingly, 
some research on VR used for surgical training showed, that an overwhelming 
immersive VR environment may negatively influence learning success, as it might 
unnecessarily increase task complexity for beginners, pointing out limitations of the 
human mind which need to be considered. [129] 

2.5 Summary – Connecting the dots  
During this background section, information essential for further understanding of 
the key concepts underlying this thesis, its research questions, and possible ways 
to answer it, were provided. A statement that can now connect these fragments 
and draw a bigger picture of fundamental ideas important for this work could be as 
follows:  

Simulation training plays a key role in medical education. [21], [130] As the setting 
of simulation often is one of a medical emergency, theories of how decisions under 
pressure are reached come into play. [78] Continuing, as simulation aims to 
improve the skills of participants, learning theory, especially in a connection to how 
experts are capable of making life-saving decisions promptly and under great 
pressure, must get involved. [70] As experts obviously acquired some sort of skill 
set and experience that enables them to do so, this unavoidably leads to the 
question of how to gain information on these skills and how to teach them to 
novices. [79] Because emerging technologies, such as eye tracking allow 
unprecedented insights into expert behavior, they are used in analyzing it. [58], 
[79] Now, given the fact that novices are active learners, one needs to ask the 
question of how to best present information about experts, gained using mentioned 
technologies. Here, last but not least, the piece of cognitive load theory falls into 
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place, aiming at presenting information in a way that optimizes learning outcomes. 
[8]  

If the incorporation of all these frameworks, techniques, and approaches to 
learning leads to new insights into how to improve simulation training, patient 
outcomes could be further improved. This mainly represents the backbone idea of 
this work and its research questions. The methods used to address them will be 
presented in the following section.  
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3 Requirements / Methods 

The broader underpinning of this work, as already defined briefly in the 
introduction, is the fact that evidence regarding the combination of various 
assessment tools to examine human behavior in novices versus experts in the field 
during medical simulation training is scarce. Yet, such work could allow 
improvement of future medical curricula as well as developments in simulation 
technology. The following section is dedicated to laying out the research plan 
providing rationale for the chosen methods. 

The Personal competence of the author of this thesis in planning the to-be-
presented project comes from years of experience in medicine, more precisely in 
cardiology and emergency/intensive care medicine as a resident in the field, as 
well as strong personal engagement in educational projects for medical students / 
young doctors at the author’s workplace. The scientific backbone was provided in 
the background section, most relevant work will be once again mentioned here 
when deemed necessary.  

3.1 Methodology 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
checklist, as provided under [131], was used to ensure comprehensive reporting 
of necessary information 

The workflow of this thesis was divided in three stages: 

1. Review of existing literature in the field 
2. Conduction of a pilot-trial  
3. Analysis and interpretation of acquired data 

3.1.1 Literature review 

First, the existing literature was screened for work relevant to the previously 
defined research question. The background section above generally shows the 
result of this stage, as it summarizes the existing evidence and puts it into context. 
As the goal of the review was more the acquisition of research regarding simulation 
training and measurement of various body parameters in general rather than the 
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search for a change in outcome, a P(Population), I(Intervention), C(Control), 
O(Outcome) strategy seemed unfitting.  

3.1.2 Development and conduction of a pilot trial 

In this second, largest, step, an observational pilot trial was designed and 
conducted. The development, including the rationale for the chosen methods, shall 
be outlined here. 

3.1.2.1 Ethics 

As no intervention was planned in this study, it was deemed exempt from requiring 
approval by the Upper Austrian Ethics Board. 

3.1.2.2 Selection of participants and simulation equipment 

At first, the design of the pilot trial was to be determined. As the aforementioned 
research question was directed towards potential differences between novices and 
experts regarding visual behavior and cognitive load, two groups were defined, 
one expert group and one with less experienced learners.  

The expert group comprised certified senior physicians in the field of 
anesthesiology and internal intensive medicine, or residents in their last year of 
training who already passed their certification exams. Both subspecialties run a 
dedicated intensive care unit at the study site. They were therefore deemed fitting 
to have gained experience throughout their career to deal with an internal medicine 
emergency (see below) in an “expert way”. For the participants from the internal 
medicine department, to assess regular exposure to emergency medicine patients, 
at least two years of working experience at an intensive care unit was mandatory 
additionally. 

As for the emergency medicine novices, residents in anesthesiology or internal 
medicine, certified general practitioners, or general practitioners in training were 
included. Certain criteria to guarantee at least a basic knowledge in some crucial 
emergency medicine skills, such as intubation – i.e. securing a human’s airway by 
inserting a tube that allows controlled ventilation of the lung – had to be fulfilled for 
this group and were evaluated during the inclusion process. This was introduced 
to avoid bias in the results by exposing a totally untrained individual to a very likely 
extremely overwhelming situation, resulting in an exceedance of working memory 
and failure to complete the scenario. In contrast, as some participants, potentially 
eligible for the novice group, also might have gained experience by working as 
paramedics, etc., this was evaluated during the inclusion process and participants 
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were excluded if they regularly had worked as paramedics or emergency 
physicians in the past. 

Other relevant inclusion and exclusion criteria, e.g. regarding vision, were defined 
as provided in the appendix.  

Next, the equipment used had to be defined. As mentioned above, evidence for 
the efficacy of high-fidelity simulation equipment is ambiguous, yet the ERC still 
vowed for its use when resources are readily available. [20] Thus, a Realiti 360 
simulation unit (iSimulate Pty. Ltd, Fyshwick, Australia) in combination with a 
simulation mannequin, fully controllable by a wirelessly connected tablet (iPad, 
Apple Inc., Cupertino, USA), which is used for teaching in the hospital where the 
study was conducted, was also the solution of choice for this project. Regarding 
airway equipment and medication, the standardized emergency bags provided by 
the clinic where the study was conducted were used. 

3.1.2.3 Definition and preparation of study site 

As the author of this thesis was working at Salzkammergut Hospital Voecklabruck, 
Austria, during the conductance of this thesis work, this hospital was also chosen 
as study site. A location at the emergency department, providing even light 
conditions important for eye tracking equipment to work properly, was chosen as 
in house site for the first round of the study. Because of unplanned construction 
work at the emergency department due to damage unrelated to this project, the 
second round was then conducted at a momentarily closed ward, also providing 
proper illumination. The mannequin and monitoring equipment were positioned in 
a manner so they would be easily accessible and allow tracking of all important 
actions. After each round, the room and equipment were prepared for the next 
round by the study team and the nurses.  

3.1.2.4 Dates of data collection 

Data was collected on two days between January and March 2024.  

3.1.2.5 Definition and preparation of the medical team 

The medical team for the simulation scenario consisted of three people comprising 
one medical doctor, i.e. the study participant, and two experienced intensive care 
nurses providing assistance during the scenario, representing also the standard 
team for an emergency patient at the cardiac care unit (CCU) of the hospital where 
the study was performed. As for communication with the patient, the simulation 
coach provided answers “as the patient”, when the participants addressed the 
simulation mannequin with questions. If deemed necessary by the team, simulated 
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contact with the hospital’s CPR team as well as a cardiologist could be performed, 
with the simulation trainer again acting as the respective contact. 

Before the start of the scenario, the nurses were trained on the simulation 
equipment and allowed to position the provided equipment for securing the airway, 
as well as emergency medication, in a way that would serve them best. An 
intravenous line was already placed before the start of the scenario. 

3.1.2.6 Definition of the simulation scenario. 

A general cardiovascular emergency scenario was chosen for this study, as it was 
deemed likely to be common enough to be recognized by all doctors, regardless 
of specialty. [132] More precisely, cardiogenic shock related to ST-segment 
elevation myocardial infarction (MI) was defined as the main presenting pathology. 
Cardiogenic shock may be described in simple terms as a reduction in the heart’s 
ability to pump blood, leading to low blood pressure, and hypoperfusion of vital 
organs, such as the brain, and therefore resulting in a life-threatening state. [133] 
It may be caused by myocardial infarction, which can be explained as acute 
myocardial (= the muscle cells of the heart) injury due to reduced oxygen supply, 
a state also known as ischemia. [133], [134] The term ST-segment elevation refers 
to typical alterations of an ECG that may be present with MI and other conditions. 
[135] 

Symptoms and signs of the patient were severe chest pain, low blood pressure, 
tachycardia, and clammy forehead skin. A detailed list of the patient’s signs, 
symptoms, vital parameters, and past medical history is provided in the appendix. 

Regarding the scenario timeline, a five-minute initial phase was defined, with the 
simulated patient still conscious, to allow participants to assess the patient 
presenting with severe chest pain and perform anamnesis, initial diagnostics, 
including ECG, as well as monitoring. After 5 minutes, regardless of prior actions, 
the patient would always go into ventricular fibrillation (VF) related cardiac arrest, 
triggering the resuscitation phase. The latter lasted for 4 two-minute cycles as 
defined by the ERC, i.e. two minutes of chest compressions and ventilations, 
interrupted by analyses of heart rhythm. [136] Study participants could then decide 
freely if they wanted to deliver a shock, using the provided defibrillator, to the 
patient. The simulation trainer guided the participants by informing them when a 
cycle was over. Despite this, the simulation trainer did not provide any input on 
correct patient treatment etc. Around minute 10 of the scenario, a distraction in 
form of a garbage can being kicked over was introduced. If the participant was 
performing intubation at this time, the distraction was delayed until one minute after 
the intubation procedure was finished.  
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Study participants could administer all available medication ad libitum. When they 
saw fit, they could intubate the patient, i.e. secure the airway with an endotracheal 
tube, whenever they found the point in time to be adequate. After the 3rd cycle, if 
defibrillation was delivered, the patient would return to a heart rhythm compatible 
with proper blood circulation. At the last analysis, participants could then recognize 
the state of terminated VF. As soon as this happened and they called for further 
steps, the scenario was terminated. A visual representation of the study timeline is 
provided in Figure 9.  

 

3.1.2.7 Definition of sample size 

The sample size definition of this project was performed based on previous work. 
Looking at the existing evidence, there are some well-conducted trials, for example 
by Wagner et al., that analyzed visual behavior during emergency medical 
simulation. [5] Also, other work has evaluated the usage of eye tracking during e.g. 
heart ultrasound (echocardiography) or simulated anesthesiologic procedures. 
[57], [137] GSR was assessed for example in one trial in the operating theatre. 
[138] Number of participants included ranged from 13 to over 100. Keeping in mind 
the available number of staff in the hospital where the study was conducted, the 
timeline and scope of this thesis, as well as the pilot-like approach, a number of N 
= 12 participants was defined to be fitting, with an allocation rate between experts 
and novice group of 1:1 

 

Figure 9 - Visual representation of simulation scenario timeline. Analysis refers to the points in time where the patient’s 

heart rhythm was assessed and the decision made if an external electrical shock (defibrillation) should be delivered as 

treatment. CPR: Cardiopulmonary resuscitation, ROSC: Return of spontaneous circulation 
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3.1.2.8 Allocation of participants to groups 

Potential participants were personally addressed by the author in the clinic 
regarding their willingness to participate prior to the study. On the study day, 
participants were allocated to their respective groups by the author of this thesis, 
based on the answers of the used register questionnaire (see below).  

3.1.3 Equipment for biosignal measurement  

This section provides insights on the used equipment. For more precise 
information on how equipment was fitted onto participants, see section 4.1.4 

3.1.3.1 Eye Tracking 

VPS 19 eye tracking glasses (Viewpointsystem (VPS), Vienna, Austria) were used 
for this work. Study participants were equipped with the eye tracking system by an 
in-house specialist from VPS. The system used for this study leverages a precise 
dark-pupil approach, as explained above. Frame rate for the cameras was 60 fps 
for the eye cameras and 30 fps for the front camera capturing the scene. 

3.1.3.2 Galvanic Skin Response 

As described above, Galvanic Skin Response may provide insights into an 
individual’s level of sympathetic activation and also serve as a surrogate for 
cognitive load. [12] 

To measure GSR, a Shimmer3 GSR+ unit (Shimmer Research Ltd., Dublin, 
Ireland), provided by St.Pölten University of Applied Sciences (UAS), was chosen 
to be a fitting sensor for this project. This sensor measures electrodermal activity 
using an exosomatic approach, where a small current is delivered between two 
skin electrodes, as explained above. [112] An internal analog-to-digital converter 
then converts the measured value to a 12-bit number representing internal skin 
resistance. Calculation of resistance and conductance is performed automatically 
by the device and reported in the units also stated above [109] The device auto-
calibrates to the range of measurement that fits best to the current participant. [139] 
The final result of a GSR measurement is then a multi-component signal, 
comprising a tonic and phasic component, as described in the background section. 

Recommended electrode positions for GSR measurement are palms, fingers, and 
the sole of the feet, where the highest density of eccrine sweat glands can be 
found. [112], [114] 
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However, these positions were expected to be subject to strong artifacts by excess 
movements and were therefore deemed to be unfitting for the planned approach. 
Reasons were as follows:  

• Asking participants to completely refrain from manual work would have led 
to a drastic reduction of simulation validity. Also, the usage of gloves, which 
is demanded during medical contact, was expected to be made impossible 
by wearing a GSR device. 

• Medical emergency scenarios naturally tend to demand caregivers to move 
around the patient, which would also have severely influenced a signal 
collected at a participant’s foot.  

Thus, during a setup scenario, alternative electrode positions were evaluated. After 
testing and excluding the “classic” positions for the abovementioned reasons, 
alternative positions were then tested. In a comprehensive work, van Dooren et al. 
tested several alternative measurement positions spread throughout the whole 
body and reported the wrist as a valid position for GSR measurements. [140] For 
the work presented here, the wrist also represented a suitable position and was 
therefore chosen to be the location of choice. 

3.1.3.3 Heart rate sensor 

For heart rate acquisition, a Polar H10 ECG chest belt (Polar Electro, Kempele, 
Finland) was used, which was also provided by St.Pölten UAS.  

3.1.4 Selection of cognitive load assessment tools 

As described in 2.4.1.1., with the NASA TLX and the PAAS cognitive load scale 
being valid tools for subjective assessment of cognitive load, they were also 
chosen for this study. [91], [98] 

3.1.5 Development of used questionnaires 

To assess participants for eligibility, collect demographic data, as well as feedback 
regarding experience with sensors and the scenario itself, digital questionnaires 
were developed using the “LimeSurvey” Online Tool (LimeSurvey GmbH, 
Hamburg, Germany). Data were stored anonymously on a General Data Protection 
Regulation (GDPR) conformant server within the European Union. Questionnaires 
used are provided in the appendix. 

Regarding question selection, for the feasibility part, questions were adapted from 
two previously published questionnaires by Wagner et al. and Blum et. al. [4], [5] 
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To allow reflection on emotions and thoughts during the scenario, a “recapitulation” 
questionnaire was also developed where participants could reflect on certain points 
during the scenario using free text as well as the already mentioned PAAS 
cognitive load scale. For this part, three times were defined:  

• The point in time when the patient went into cardiac arrest 
• The point in time when a distraction (loud noise, see below) occurred 
• The point in time when the participants performed intubation 

3.1.6 Participant path on study day 

At the beginning, participants were assessed for potential exclusion criteria by the 
author, as mentioned. Eligible participants then signed an informed consent and 
GDPR information sheet and subsequently completed the digital registration 
questionnaire, which also covered eligibility criteria. Each participant was assigned 
a unique ID consisting of a single-digit number and a letter.  

Following assignment to the respective study group, expert or novice, participants 
then underwent sensor fitting. First, the chest belt was attached to the participants’ 
chest, followed by the GSR unit. For the latter, two gel-electrodes (Kendall H98LG, 
Cardinal Health, Dublin, Ohio, USA) were attached to the participants’ wrist on the 
non-dominant hand, on the outer and inner side of the forearm respectively. Lastly, 
participants were equipped with VPS 19 glasses. A display of a participant fully 
equipped with the used biosensors is provided in Figure 10. As the chest belt used 
for heart rate acquisition was worn directly on the chest, it was covered by the 
participant’s clothes. 

Following gaze calibration by the in-house technician from VPS, data stream to a 
study computer was then started using a secure WIFI connection. The same 
procedure was performed for the chest belt and the GSR unit. Data were recorded 
using iMotions Lab (iMotions A/S, Copenhagen, Denmark). As soon as stable 
connections were established, recording was started, and participants were then 
asked to sit still on a chair for 1 minute to allow collection of baseline signals for 
heart rate and GSR. After this interval, they were handed a simulation briefing 
sheet displaying information about the simulation equipment, as well as a triage 
sheet similar to the ones used in the emergency department of the study site, 
providing the most important information, about the patient they were to encounter 
(see appendix). Once all questions that may still have arisen from the participant’s 
side were cleared, the scenario was then started. After completion of the scenario 
participants were allowed to recover for a few minutes, and, once the equipment 
was detached, were asked to complete the feasibility and recapitulation 
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questionnaires described above. Lastly, the NASA TLX was performed on an iPad 
mini (Apple Inc., Cupertino, USA) using the freely available NASA TLX application. 
Once this was completed, participants were discharged from the study site if they 
had no further questions. In the last step, biosensor equipment was disinfected, 
and functionality rechecked before the next participant was allowed to enter the 
study room. The simulation site and equipment were also prepared for the next 
round. For a visual representation of this process, refer to Figure 11. 

 

 

Figure 10 - Fully equipped participant wearing eye-tracking glasses, the related smart unit stored 

in a bag (arrow), as well as a GSR sensor attached to the forearm of the non-dominant hand 

(circle). Note that the bag was brought to the front for visibility reasons. ECG chest belt covered 

by participant’s clothes. Image used with participant’s permission. © author of this thesis, all 

rights reserved. 
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3.1.7 Selection of variables 

3.1.7.1 Eye Tracking 

To address the research questions defined above in a more systematic manner, 
the monitoring equipment was defined as the AOI for this study. Besides analysis 
of AOI statistics during the overall scenario, the following times of interest (TOIs) 
were defined for sub-analyses:  

• Time of first medical contact  
• Time of cardiac arrest 
• Time of intubation 
• Time of intentional distraction by a loud noise (Plastic container dropped 

on the floor) 
 
A more precise definition of TOIs, including their exact time points during the 
scenario, is provided in the appendix. 
 
Table 1 provides an overview of the eye tracking variables selected for further 
analyses, including those selected for inferential statistical testing, as they were 
expected to provide the most information gain regarding the study questions. 

  

 

Figure 11 – Pathway for study execution. GDPR: General data protection regulation, GSR: galvanic skin response, NASA 

TLX: national aeronautics and space association task load index.
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Table 1 - Recorded eye-tracking metrics 

Fixation based metrics Saccade based metrics Blink metrics 

Fixation count = How often 

participants fixated the AOI 

Saccade count = How many 

saccades were registered 

Blink count = How 

many times 

participants 

blinked 

Time to first fixation (TTFF) 

(sec) = Time until participants 

fixated AOI for the first time 

Average saccade amplitude 

(deg) * = Average displacement 

of the eyeball caused by a 

saccade in degrees of visual 

field 

Blink rate = 

Blinks/min 

Fixation time (min) = Total time 

the respondent spent fixating at 

the AOI (i.e. the sum of all 

fixation durations inside this 

AOI). 

Average peak velocity of 

saccade (deg/sec) *  

 

Fixation time in percent of the 

time the AOI was active * 

Saccade rate * = Saccades/min  

Fixation rate = Fixations/min   

Duration of average fixation 

(msec) * = How long did an 

average fixation on the AOI last  

  

* = variables chosen for inferential statistical testing  
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3.1.7.2 GSR 

3.1.7.3 Heart rate and HRV 

Multiple variables have been reported to reflect the effect of cognitive load and 
stress on HRV. Amongst the most popular is RMSSD, the root mean square of 
successive differences between normal heartbeats. [120] Thus, RMSSD was 
chosen to be analyzed during this setting.  

3.1.8 Analysis of acquired data 

Analysis of acquired data was performed in a multi-step approach. Eye tracking 
analysis was performed for each participant separately, using iMotions. The 
predefined AOI was drawn around the monitoring equipment and adjusted 
manually throughout the scenario. AOI data were then calculated automatically by 
iMotions. For GSR analysis, a peak amplitude threshold of 0.005 µSiemens, peak 
onset threshold of 0.01 µSiemens, and a minimum peak duration of 500 ms was 
set and the automated GSR analysis, embedded in iMotions, was then performed. 
Sampling frequency was set at 128 Hz. Heart rate data were left as is, with no 
automatic analysis. 

All acquired data were then exported to a CSV file and processed using automated 
Python scripts written in Jupiter Notebooks by the author himself. This includes 
calculation of HRV metrics. Statistics were calculated using SciPy library for 
Python. Graphics were developed using Matplotlib and Seaborn. A GitHub 
repository was created for version control. Open AI’s (San Francisco, USA) GPT 
4o was used partially for writing, debugging, and refining code. For quantitative 
variables, where appropriate, conclusive statistical testing was performed using 
Mann-Whitney test for independent samples. Friedman test with post-hoc Dunn-
Bonferroni or Wilcoxon signed rank test were used for related samples. As sample 
sizes were small, exact Mann-Whitney method was chosen, as recommended. 
[141] Analyzed eye tracking variables are marked in Table 1.  

Regarding GSR, the number of peaks during the overall scenario and during 
defined TOIs were selected for analysis. 

Additionally, from the acquired heart rate data, RMSSD was selected to be 
analyzed for differences between subgroups.  

From the questionnaires, for this thesis, the overall NASA TLX score as well as 
sub score for mental effort were also included inferential statistical analysis. 
Respective p values are reported in the results sections with the selected variables. 
Due to the already small sample size, all participants were included in the analysis, 
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even when data was missing. Where necessary, e.g. because of a premature data 
stream loss, participants were excluded for analysis of certain absolute values, and 
only relative values, e.g. proportions of available scenario recordings, were used 
(see also below in results). The sample size calculation, the fixation time of 
equipment in relation to overall scenario duration, average saccade amplitude, as 
well as the NASA TLX weighted mental sub-rating, were chosen. Calculation was 
performed using G*Power 3.1 open-source software, as published in [142]. 

3.1.9 Post hoc analysis 

As a pattern emerged, showing intragroup differences in some variables 
throughout the scenario, the following variables were selected for post hoc 
analysis:  

• RMSSD at defined TOIs in comparison to baseline 
• Peak velocity of average saccade and average fixation duration during 

distraction TOI in comparison to remaining TOIs. 
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4 Results 

4.1 Study collective 
In total, 30 physicians potentially eligible for this work were contacted by the author. 
14 were not willing to participate because of personal reasons and 4 were not able 
to participate due to staff shortage on scheduled study days. 12 participants were 
eventually included in this study, 7 in the novice group and 5, due to mentioned 
inclusion difficulties, in the expert group (Figure 12). Regarding gender, 3 
participants overall identified as female, 9 as male, and 0 as nonbinary. Mean age 
of all included participants was 35 years (± 6). Mean age per subgroup was 32 (± 
4) years for novices and 38 (± 7) years for experts respectively. Overall confidence 
in the individual participant’s ability to handle internal medicine situations on a five-
point scale, where 1 = not confident and 5 = very confident, was 3.4 (± 0.8) for the 
overall group, 3.3 (± 0.8) for novices and 3.6 (± 0.9) for experts respectively. 
Regarding specialty of medicine three participants were affiliated with the field of 
internal medicine (25% of participants), three were classified as general 

 

Figure 12 - Inclusion flow chart. 
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practitioners (25%), and six were associated with the anesthesiology department 
(50%). Collected baseline measurements for HR showed a baseline mean HR of 
78 (± 8) bpm in the overall group, with 80 (± 9) bpm in novices and 76 (± 9) bpm in 
experts respectively. As for HRV, the mean baseline RMSSD in the overall group 
was 37 (± 21) ms in the overall group, 37 (± 26) ms in novices, and 37 (± 14) in 
experts. 

4.2 Scenario and biosensor measurements 
All 12 participants completed the scenario. However, as for one participant, the 
video stream ended prematurely and the last minutes of scenario recording were 
lost, this participant was excluded from analysis for scenario length. Mean scenario 
duration in the remaining 11 participants was 13.7 min (± 0.4) for the overall group, 
13.7 min (± 0.4) in novices, and 13.8 min (± 0.5) in the expert group respectively. 
Completely identical scenario durations were not expected, despite of a 
standardized medical emergency used, because of decision-making latencies, etc.  

4.2.1 Eye Tracking, Heart Rate and HRV 

4.2.1.1 Overall scenario 

For analysis of overall scenario metrics, two participants from the novice group 
were excluded for analysis of the following variables due to missing data caused 
by loss of the data stream: Mean fixation count + fixation rate, absolute fixation 
time, average fixation duration, average saccade count + saccade rate, average 
saccade amplitude and peak velocity of the average saccade (therefore n = 10 in 
overall and n = 5 in novice subgroup respectively). As data was available for time 
to first fixation and fixation time in relation to the timespan that the AOI was active, 
those participants were nonetheless included in this analysis (N = 12 overall and n 
= 7 in the novice subgroup respectively).  

The overall study group fixated the AOI for a mean of 387 (± 79) times, accounting 
for a total fixation time of 2.3 (± 0.9) min and a fixation rate of 28 (± 6) fixations/min. 
Relative fixation time for the overall group was 16 (± 7) % of the whole time interval 
that the AOI was active. (extracted from overall N = 12 group). An average fixation 
lasted 357 (± 112) ms. Mean time to first fixation was 39 (± 30) seconds (extracted 
from the overall N = 12 group). The average saccade count for the overall study 
population was 573 (± 120), or 42 (± 9) saccades/min with an average saccade 
amplitude of 4.7 (± 1.0) degrees (deg) and an average peak velocity of 106.2 (± 
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24.3) degrees per second (deg/sec). A comprehensive display of analyzed 
variables for the overall study group is provided in supplementary table 1. 

As for heart rate and heart rate variability, the average heart rate of the 12 
participants during the complete scenario was 98 (± 12) bpm, with a mean RMSSD 
for the overall study group of 26 ms (± 11). In comparison to the baseline phase, 
this translates to an increase in heart rate of 26 (± 13) % and a decrease of RMSSD 
of 20 (± 34) %.  

Regarding subgroup differences, mean fixation count was 389 (± 88) in novices 
and 384 (± 80) in experts, translating to 28 (± 6) fixations per minute in both groups. 
Novices took on average 37 (± 27) seconds (extracted from complete novice n = 7 
group) to fixate the monitoring equipment for the first time, whereas mean time to 
first fixation in the expert group was 41 (± 37) seconds.  

While the average fixation duration in novices was detected at 295 (± 30) ms, 
experts took on average 419 (± 133) for a fixation (p = 0.0556).  

In total, novices spent a mean of 1.9 (± 0.4) minutes and experts 2.7 (± 1.1) minutes 
fixating the AOI. In relation to the timespan that the AOI was active, novices spent 
13 (± 4) % (extracted complete novice n = 7 group) of this interval fixating the 
monitoring equipment, in contrast to the expert group, which fixated the equipment 
for 20 (± 8) % of the time (p = 0.1061, Figure 13)  

A mean of 619 (± 68) saccades were registered in the novice group, equaling 45 
(± 5) saccades/min, whereas experts showed on average 527 (± 150) saccades 
during the whole scenario, translating to 38 (± 11) saccades/min (p = 0.4206 for 
saccade rate) The mean amplitude of average saccade was 5.3 (± 1.1) degrees in 
novices and 4.1 (± 0.4) deg in experts (p = 0.0952), with an average peak velocity 
of 113.7 (± 28.1) and 98.7 (± 20.1) deg/sec respectively (p = 0.4206, Figure 14). A 
summary of measured values per subgroup is provided in supplementary table 1. 

Regarding blink analysis, participant A4 was excluded from the analysis of the 
overall scenario due to recurring loss of the eye tracking stream and therefore 
missing data. Within the 11 other participants, mean blink count during the scenario 
was 329 (± 139) blinks, with a blink rate of on average 24 (± 11) blinks per minute. 
Split into subgroups, a mean of 327 (± 136) blinks was detected in the novice group 
(n = 6), translating to a blink rate of on average 25 (± 11) blinks per minute. In 
contrast, experts showed on average 331 (± 159) blinks throughout the scenario, 
with a mean blink rate of 24 (± 11). 

Average heart rate in novices during the complete scenario was 97 (± 13) bpm, an 
increase of 22 (± 15) % in comparison to baseline. Mean RMSSD was 29 (± 12) 
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ms, reflecting a 4 (± 36) % decrease. In experts, the average heart rate was 100 
(± 11), equaling a 32 (± 7) % increase from baseline, with an average RMSSD of 
21 (± 7) ms (p = 0.2020, for comparison to novice group), which is a decrease of 
43 (± 9) % compared to baseline.  

  

 

Figure 13 - Proportion of overall scenario both groups spent on fixating the monitoring equipment. A 

trend towards the expert group spending a larger amount of time during the scenario fixating on the 

monitoring equipment is visible. 
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4.2.1.2 Sub analyses per TOI 

4.2.1.2.1 First medical contact 
During the first medical contact TOI, representing the first 4.5 minutes of the 
scenario, participants exhibited a mean fixation count of 147 (± 44) times on the 
AOI, with a total fixation duration of 0.8 (± 0.3) minutes, corresponding to 18 (± 7) 
% of the first contact TOI and 33 (± 10) fixations per minute. The mean time to 
initial fixation remained unchanged at 39 (± 30) seconds.  

Across the study population, the average saccade count stood at 216 (± 72) – 48 
(±16) saccades/min – accompanied by an average saccade amplitude of 4.6 (± 
1.2) deg and an average peak velocity of 111.5 (± 35.4) deg/sec. A mean total of 
130 (± 64) blinks, with a mean blink rate of 29 (± 14) blinks per minute, was 
recorded.  

Within the novice’s subgroup, fixation occurrences on the AOI averaged 147 (± 40) 
times, equal to 33 (± 9) fixations per minute, with a cumulative fixation duration of 
0.7 (± 0.2) minutes, representing approximately 15 (± 5) % of the first contact TOI. 

 

Figure 14 - Peak velocity of average saccade during overall scenario for study subgroups. Velocity 

reported in degrees of visual field per second. 



4 Results  

43 

Novices typically achieved their initial fixation within an average time of 37 seconds 
(± 27) and an average fixation lasted for 276 (± 53) ms. 

This subgroup demonstrated an average saccade count of 225 (± 49) – with a 
saccade rate of 50 (± 11) per minute – and an average saccade amplitude of 5.2 
(± 1.0) deg. Mean peak velocity was measured at 123.1 (± 43.0) deg/sec. 

Mean number of blinks and mean blink rate in novices was 128 (± 58) and 29 (± 
13) blinks per minute respectively.  

The expert subgroup exhibited an average fixation count of 147 (± 53) instances 
in total and 33 (± 12) instances per minute on the AOI, totaling 1.0 (± 0.4) minutes, 
which accounted for approximately 22 (± 9) % of the first contact TOI, a proportion 
similar to novices (p = 0.3434). Their mean time to initial fixation was 41 (± 37) 
seconds, mean fixation duration was 404 (± 90) ms, noticeably longer than in 
novices (p = 0.0101, Figure 15).  

Experts demonstrated an average saccade count of 204 (± 101) – reaching 45 (± 
23) saccades per minute (p = 1.000 for comparison to novice group) – and an 
average saccade amplitude of 3.8 deg (± 0.9), noticeably smaller than in 
comparison to novices (p = 0.0303, Figure 16) with a mean peak velocity of 95 (± 
11) deg/sec (p = 0.2020 for comparison to novice group).  

As for blinks, experts blinked for a mean number of 132 (± 79) times during first 
medical contact, with a blink rate of 29 (± 18) blinks per minute.  

Concerning heart rate, the overall group showed a 24 (± 10) % increase from 
baseline, with a mean of 97 (± 11) bpm. The novices’ heart rate rose to 97 (± 12) 
bpm, equaling a relative increment of 21 (± 11) %. In experts, mean heart rate was 
detected at 98 (± 11) bpm, representing an increase of 29 (± 4) % in comparison 
to baseline. 

Mean RMSSD in the overall group during first contact was 29 (± 11) ms, with a 
value of 32 (± 12) ms for novices and 23 (± 6) ms for experts (p = 0.2677, Figure 
18). In the overall population, RMSSD decreased for a mean of 10 (± 35) % in 
comparison to baseline. In the novice subgroup, due to a strong outlier showing a 

71% increase, relative mean RMSSD change was positive with an increase of 7 (± 
38) %, despite a reduction in the absolute mean RMSSD of 4 (± 15) ms. Experts, 
in contrast, showed a 34 (± 11) % decrease. A tabular overview of results is also 
provided in supplementary table 2.  
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4.2.1.2.2 Cardiac arrest 

For the cardiac arrest TOI, please note that fixation duration in this context is 
reported in seconds. Also, as the cardiac arrest TOI had a predefined timespan of 
1 minute, counts translate to rate/min. The overall study group exhibited an 
average fixation count of 41 (± 16) during arrest phase, corresponding to an 
absolute average fixation time of 15 (± 7) seconds. Mean relative fixation time 
therefore was 24 (± 11) %. Mean time to first fixation during cardiac arrest was 1.3 
(± 2.4) seconds. Saccades averaged to a mean of 63 (± 28), while average 
saccade amplitude was 5.1 (± 2.1) deg, with a mean peak velocity of 115.2 (± 48.2) 
deg/sec. As for subgroups, in novices, on average 46 (± 15) fixations of the AOI 
were detected. Average fixation time was 14 (± 5) seconds, translating to a relative 
fixation time of 23 (± 9) % of the cardiac arrest TOI. Mean time to first fixation of 
the monitoring equipment during arrest phase was 1.2 (± 2.8) seconds.  

An average fixation lasted for 306 (± 85) ms in novices and 434 (± 141) ms in 
experts (p = 0.0732) 

 

Figure 15 - Average duration of fixation during first contact time of interest for study subgroups. Experts 

showing longer fixation durations, potentially reflecting a more attentive process. Ms: Milliseconds, 

TOI: Time of interest 
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In novices, an average of 73 (± 23) saccades, with a mean amplitude of the 
average saccade of 6.0 (± 1.7) deg and a mean peak velocity of 130.3 (± 58.5) 
deg/sec, were registered.  

In contrast, experts fixated the monitoring equipment a mean number of 34 (± 15) 
times, summing up to an average fixation time of 15 (± 9) seconds. This group 
spent 26 (± 15) % of the TOI duration on fixating the AOI (p = 1.0000 for 
comparison to novices), with a mean time to first fixation of 1.4 (± 1.8) seconds. A 
mean of 50 (± 30) saccades was performed by the experts (p = 0.0732 in 
comparison to novices’ saccade rate) with an average saccade amplitude of 3.9 (± 
2.0) deg (p = 0.1061 for comparison to novices) and an average peak velocity of 
94.0 (± 17.1) deg/sec (p = 0.3434). 

The overall study group showed a mean blink count of 22 (± 10) blinks during this 
TOI, with a subgroup mean blink count of 23 (± 10) blinks in novices and 21 (± 11) 
blinks in experts respectively. 

Focusing on heart rate analysis, the cardiac arrest phase led to a 28 (± 16) % 
increase in heart rate in the overall group, with a mean of 100 (± 15) bpm. Novices’ 
HR rose to 100 (± 16) bpm on average, equaling a 25 (± 20) % increase. In 

 

Figure 16 - Amplitude of average saccade during first contact time of interest for study subgroups. 

Amplitude reported in degrees of visual field. TOI: Time of interest 
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contrast, experts showed a stronger relative increase of 33 (± 7) %, with a mean 
HR of 101 (± 15) bpm. 

Looking at HRV, the overall group showed an RMSSD of 20 (± 9) ms, with 22 (± 
9) ms in novices and 18 (± 8) ms in experts (p = 0.4318, Figure 18). This reflects a 
relative RMSSD change of -36 (± 33) % in the overall group, -23 (± 38) % in 
novices, and -54 (± 8) % in experts respectively. 

For a tabular overview of results refer to supplementary table 3.  

4.2.1.2.3 Intubation 

During intubation, neither novices nor experts visited the monitor AOI, as they were 
focused on the airway of the patient. Thus, relative fixation time was not included 
in conclusive statistical analysis for this TOI. The intubation process took on 
average 24 (± 8) seconds in the overall group. The evaluated timespan was defined 
as the moment in time when a participant picked up the laryngoscope until the point 
in time when the endotracheal tube was successfully inserted, and the 
laryngoscope removed. 

Fixations on any point in the field of view reached an average of 33 (± 17), 
corresponding to 83 (± 27) fixations per minute in the overall group. Total time 
spent fixating a point was 11 (± 6) seconds for all participants, corresponding to 50 
(± 25) % of the intubation process.  

An average of 80 (± 57) saccades, equaling 195 (± 95) saccades/min, were 
detected, with an average saccade amplitude of 5.9 (± 2.3) deg and an average 
peak velocity of 110.8 (± 45.1) deg/sec. Concerning blinks, the number of blinks 
was drastically reduced in comparison to the overall scenario or other TOIs, with 
an average blink number of 2 (± 3) and a blink rate of 6 (± 6) blinks per minute in 
the overall group.  

Novices needed a mean of 26 (± 8) seconds to intubate the patient (Figure 17). 
They showed an average fixation count of 41 (± 19), with a mean fixation rate of 
93 (± 20) per minute, and spent 13 (± 5) seconds fixating a point in the field of view, 
equaling 54 (± 22) % of the intubation procedure.  

Average fixation duration in the novices was 360 (± 151) ms, similar to experts, 
which showed a mean duration of 385 (± 276) ms (p = 1.0000) 

A mean of 89 (± 66) saccades, with a saccade rate of 193 (± 91) saccades per 
minute on average and an average saccade amplitude of 6.6 (± 2.8) deg were 
recorded. Average peak velocity was measured at 114.7 (± 56.8) deg/sec. This 
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group blinked a mean time of 3 (± 4) times with a blink rate of 6 (± 7) blinks per 
minute during intubation, showing a drastic reduction of blinks during this TOI. 

In comparison, it took the experts 23 (± 8) seconds on average to perform 
intubation (Figure 17). Experts’ average blink count was 2 (± 2) blinks, also with a 
blink rate of 6 (± 6) blinks per minute. Regarding fixations and saccades, the expert 
group showed on average 23 (± 2) fixations and 68 (± 45) saccades, with 
respective average rates of 69 (± 31) per minute for fixations and 198 (± 111) per 
minute for saccades (p = 0.7551 in comparison to novice group saccade rate). 
Average saccade amplitude and peak velocity in this group were 4.9 (± 0.7) deg (p 
= 0.4318 for comparison to novices) and 105.3 (± 26.1) deg/sec (p = 0.8763 for 
comparison to novice group). 

Total time spent fixating in the expert group was 9 (± 6) seconds, translating to 43 
(± 29) % of the whole duration of the intubation procedure (p = 0.6389 in 
comparison to novices) 

As for HR and HRV, the overall groups’ average heart rate showed the strongest 
increase of all TOIs in comparison to baseline, with 104 (± 14) bpm, a relative 
increase of 33 (± 17) %. Novices’ mean heart rate during this phase was 101 (± 
14) bpm, increasing by 26 (± 14) %. Experts HR was slightly higher on average, 
with 108 (± 15) bpm, reflecting a relative increase of 42 (± 18) % 

Mean RMSSD of the overall group was 15 (± 15) ms, with a relative decrease of 
59 (± 22) % in comparison to baseline. Novices showed a mean RMSSD of 19 (± 
19) ms and a relative mean decrease of 48 (± 23) %, whereas experts’ RMSSD fell 
for a mean of 74 (± 7) %, to 10 (± 6) ms (p = 0.5303 for comparison to novices, 
Figure 18). Supplementary table 4 provides an overview of results. 
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4.2.1.2.4 Distraction 

For the ten-second distraction phase, initiated by a trash can falling over to produce 
an acoustic distraction, the overall group showed an average of 19 (± 8) fixations, 
translating to 116 (± 47) fixations per minute, or 4 (± 2) seconds, which accounts 
for 41 (± 16) percent of the distraction TOI. Saccades were detected for an average 
amount of 39 (± 8), with an average saccade rate of 233 (± 48) / min, the highest 
saccade rate of all TOIs in this study. Average saccade amplitude was detected at 
7.9 (± 1.6) degrees, average peak velocity at 165.5 (± 43.9) deg/sec. For blinks, 
the overall group showed an average blink count of 4 (± 2), translating to 22 (±12) 
blinks per minute. 

Divided into subgroups, novices fixated any point in the field of view for 22 (± 8) 
times, corresponding to 134 (± 47) fixations per minute, equally accounting for 4 (± 
1) seconds or 42 (± 14) % of the TOI duration. Mean fixation duration was detected 
at 194 (± 59) ms. 

 

Figure 17 - Intubation duration in novice and expert groups. Sec = seconds.  
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Saccade wise, a mean number of 40 (± 9), or 242 (± 54) saccades per minute, 
were detected, with an average saccade amplitude of 7.2 (± 1.3) deg and a mean 
peak velocity of 157.0 (± 33.4) deg/sec. Regarding blinks, the novices blinked on 
average 4 (± 2) times during distraction, whereas mean blink rate was 25 (± 14) 
blinks per minute.  

In contrast, experts showed a mean of 15 (± 6) fixations during distraction TOI, 
translating to a fixation rate of 91 (± 36) per minute, accounting for 39 (± 20) % of 
the TOI duration (p = 0.7551 for comparison to novices), equaling 4 (± 2) seconds. 
Mean fixation duration was slightly higher at 241 (± 88) ms in comparison to 
novices (p = 0.2677). 

On average, 37 (± 7) saccades, or a rate of 221 (± 40) saccades per minute (p = 
0.5303 for comparison to novice saccade rate), were detected. Average saccade 
amplitude was 9.0 (± 1.4) deg (p = 0.0732 for comparison to novices), with a mean 
peak velocity of 177.5 (± 57.6) deg/sec (p = 0.6389 for comparison to novices). 
The expert subgroup blinked a mean of 3 (± 2) times, with a blink rate of 18 (± 10) 
per minute. 

Concluding again with HR and HRV, mean HR was 98 (± 14) bpm in the overall 
group, representing an increase of 25 (± 17) %, during distraction TOI. Split into 
subgroups, novices had an average HR of 95 (± 17) and experts of 102 (± 9) bpm. 
This represents a relative increase of 19 (± 20) % and 34 (± 4) % in subgroups 
respectively. 

Average RMSSD in the overall study group was 23 (± 17) ms, in subgroups 28 (± 
21) ms and 15 (± 6) ms for novices and experts respectively (p = 0.5303, Figure 
18). Relative mean changes from baseline were -23 (± 62) % in the overall group, 
and -54 (± 20) % in experts. Throughout the 7 novices, again due to strong outliers 
in both directions, the mean of RMSSD changes was only 0.3 (± 74) % despite an 
absolute change of a mean of 8 (± 31) ms. 

A tabular overview of results can be found in supplementary table 5.  
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4.2.2 GSR 

The initial intention of GSR data collection was to generate another potential 
source of objective data that might provide insight into participants’ cognitive load. 
Unfortunately, after study execution, the data was found to be highly compromised 
by motion artifacts, rendering a valid analysis with the available algorithm, 
integrated in the used analysis software, impossible, as massive over-detection of 
peaks occurred due to motion (Figure 19). Altering peak detection threshold also 
did not lead to relevant improvement in peak detection. As development of a 
proprietary algorithm to analyze GSR data was beyond the scope of this thesis, 
GSR data are not reported here.  

 

 

Figure 19 - GSR Signal with over-detection of phasic peaks. Strong over-detection of phasic peaks occurring due to motion 

artifacts. While no peaks are visible in the tonic component, the phasic signal shows strong alterations during motions, falsely 

detected by the software as phasic peaks (marked in ellipse). GSR: galvanic skin response 
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4.3 Subjective ratings of cognitive load 
Regarding results of the NASA TLX evaluation, the total weighted rating for the 
executed simulation scenario was 56 points (± 15) in the overall study group, 59 (± 
11) for novices, and 52 (± 20) for experts (p = 0.5303), respectively. Mental demand 
received a weighted mean score of 272 (± 132) overall, 352 (± 85) in novices and 
161 (± 102) in experts (p = 0.0145, Figure 20) 

 

For the prespecified TOIs, participants’ mean PAAS cognitive load responses shall 
be provided: 

• Time of Cardiac arrest: A mean rating of 5.2 (± 1.4) in the overall group, 5.3 
(± 1.7) in novices, and 5.2 (± 0.8) in experts was documented. 

• Time of acoustic distraction: Overall group 3.8 (± 1.9), novice group 4.4 (± 
2.1), and expert group 3.0 (± 1.2). 

• Time of intubation: Overall group 4.2 (± 2.1), novice group 4.9 (± 1.9), 
expert group 3.2 (± 2.2)  

Subjective ranking of cognitive load, with cardiac arrest rated as the most 
challenging part, followed by intubation and then distraction, hence was different 

 

Figure 20 - NASA TLX weighted mental rating for study subgroups. NASA: National Aeronautics 

and Space Administration, TLX: task load index 
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to objective parameters, such as e.g. RMSSD or peak saccade velocity (Figure 
21).  
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4.4 Intragroup differences 
In contrast to the largely similar numbers between groups, more accentuated 
differences were detected in various parameters in the respective subgroups 
between TOIs. For example, duration of average fixation increased steadily from 
first contact (329 ± 94 ms) to cardiac arrest (359 ± 125 ms) and intubation (371 ± 
201 ms) time of interest and then showed a sharp decline during distraction phase 
(213 ± 73 ms) (Figure 22).  

 

Similarly highest average saccadic peak velocity was again detected during 
distraction (166 ± 44 deg/s), followed by cardiac arrest (115 ± 48 deg/s), first 
medical contact (112 ± 35 deg/sec), and lastly intubation (111 ± 45) (Figure 23).  

As another example, comparing the relative time spent on fixating the monitoring 
equipment in the overall group between first contact and cardiac arrest TOIs, a 6% 
increase occurred: Probands spent an average of 18 (±7) % of first contact TOI 
and 24 (± 11) % of cardiac arrest TOI fixating monitoring equipment. 

 

Figure 22 - Duration of average fixation during predefined times of interest (TOIs). Ms: milliseconds 
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Analysis of RMSSD also draws a similar picture, with a noticeable decrease during 
all TOIs in comparison to baseline (37 ± 21 ms), especially accentuated for cardiac 
arrest (20 ± 9 ms) and intubation (15 ± 15 ms) TOIs (Figure 24). 

  

 

Figure 23 – Peak velocity of average saccade during times of interest in the overall study group. TOI: time of 

interest. Velocity reported in degrees of visual field per second. 
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4.5 Sample size calculation 
For all following sample size calculations, two-tailed level of significance was set 
at α = 0.05. All calculations were performed to detect significant differences with a 
power of 1 – β = 0.8. Method of choice, as Mann-Whitney-U tests were used, was 
sample size calculation for non-parametric tests as published by Noether using 
probability of superiority (P(X>Y)) as effect size. [143] According to Grissom, 
equivalents for small, middle, and large effects are a P(X>Y) of 0.56, 0.64, and 
0.71 respectively. [144] An openly available online calculator was used for 
performing calculations, accessible under [145].  

4.5.1 Proportion of scenario spent fixating monitoring equipment 

Using the acquired data reported above, with novices tending to spend less time 
on the monitoring equipment throughout the scenario, effect size calculation 
revealed a P(X>Y) of 0.2262, resulting in a total sample size of N = 34 participants 
(17 in each group) necessary to detect a statistically significant difference between 
groups regarding time spent on monitoring equipment. 

 

Figure 24 – Mean RMSSD during TOIs for overall study group in comparison to baseline. A trend to 

reduction in RMSSD is visible. Ms: Milliseconds, RMSSD: root mean square of successive differences, 

TOI: time of interest 
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4.5.2 Saccade amplitude 

As a difference in average saccade amplitude between novices and experts was 
visible during the first contact TOI, those results were used for sample size 
calculation to detect a significant difference between groups for this potential 
objective marker of cognitive load. Calculation of effect size revealed a P(X>Y) of 
0.8489, resulting in a sample size of N = 22 (11 in each group) necessary to detect 
a statistically significant difference. 

4.5.3 NASA TLX 

Lastly, to also assess the sample size necessary for evaluating a subjective 
cognitive load parameter, results of the NASA TLX mental load subset was used 
for effect and sample size calculation, revealing a P(X>Y) of 0.9253 and a 
necessary sample size of N = 16 (8 in each group).  
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4.6 Feasibility 

4.6.1 Eye tracking Equipment 

Eye tracking equipment was generally well accepted with the majority of 
participants agreeing quite strongly that they forgot that they were wearing the 
equipment during the simulation scenario. Mean value for this questionnaire item 
was 1.8 (± 1.4) on a 5-point Likert scale, where a value of 1 would correspond to 
“fully agree”, whereas a value of 5 represented “fully disagree”. With a mean value 
of 1.9 (±1.4), participants also appeared quite willing to wear the equipment during 
a real emergency medicine scenario. 

As for comfort, participants mostly disagreed with statements asking them if the 
Eye tracker e.g. distracted them from medical tasks (e.g. mean 4.8 (± 0.4) for the 
question if the Eye tracker was distractive during intubation) or that the device felt 
uncomfortable for eyes (mean 4.5 (± 0.9)), ears (mean 4.7 (± 0.7)) or nose (mean 
4.8 (± 0.4)). Figure 25 provides an overview of eye tracking feasibility results.  

4.6.2 GSR Sensor 

Similar to the eye tracking device, the GSR sensor was received well by 
participants, with a strong agreement to the question if they forgot that they were 
wearing the sensor (mean 1.3 (± 0.5)). Probands strongly disagreed when asked 
if they behaved differently than normal (mean question score 4.6 (±1.2)) or if they 
experienced any pain (mean 4.8 (± 0.4)). 

4.6.3 Heart rate sensor 

Feasibility assessment of heart rate measurements using a chest strap was not 
performed, as it is nowadays a well-accepted approach in sports, science, etc. 
[146] 
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Figure 25 - Mean results of eye tracking feasibility evaluation for n = 12 participants. Equipment usage appears highly 

feasible. 
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5 Discussion 

As discussing all the results acquired during this study would be beyond the scope 
of this document, the above-formulated research questions shall be addressed in 
systematically in this section with a discussion of relevant data. Also, as this was 
a pilot project, statistical results must be interpreted with uttermost caution, and 
properly sized studies are necessary to further investigate the current results.  

5.1 Question 1 - Do gaze patterns and areas 
of visual focus differ between medical 
experts and novices during a simulated 
training scenario? 

As stated above, differences between expert and novice decision-making have 
been reported, with novices tending to rely more on objective data and experts 
seeming more capable of subconscious pattern recognition. [3], [78] It was 
therefore hypothesized that experts might spend less time looking at the provided 
monitoring equipment, as they might extract relevant information faster and focus 
more on the patient.  

As marked in the results section, this is not visible in the current study population, 
as experts showed a tendency towards spending even more time looking at the 
equipment. This could be due to various reasons. First, experts might focus more 
on the area that gives the most relevant information, as also reported in the 
previously mentioned work with chess players. [58] Second, a simulation 
mannequin cannot (yet) present with all the signs and symptoms of a patient in a 
life-threatening condition, thereby creating a bias, as necessary information for 
case handling, that would otherwise be extracted by examining a patient, is 
collected by looking at auxiliary equipment.  

Third, as this was a small sample size project, differences could always be due to 
chance or due to data quality. With a mean of 87.4% valid data in experts, and 
84.8 % in novices, this seems less likely though. A larger study would be necessary 
to evaluate if this trend would reach significance. 

Looking at fixation and saccade duration, it has been reported that the human mind 
may switch between two states, local and global visual attention. [147] While the 
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latter somewhat represents the activity of identifying the position of relevant 
information in a visual stimulus, the former describes the process of exploring the 
area marked as relevant in more detail. [147] This has also been referred to as 
“What” and “Where” pathways of visual attention. The former was described to be 
associated with longer fixations and shorter saccades in comparison to the latter. 
[148]  

Focusing on fixations, a trend of a longer duration of fixations in experts was visible, 
during the overall scenario and certain times of interest. Especially during the first 
contact phase, experts’ fixation duration is well above the duration of fixations 
during “preattentive” states, with modal values of around 220 ms, as reported by 
Velichovsky et al. The authors state though, that in their work, the mean values of 
fixation durations were not significantly different between multiple variations of a 
simulated driving scenario, but it was the modal values that showed significant 
differences. [52] Due to the small sample size of this work, still, mean values rather 
than modal values are reported. 

This longer mean fixation time in experts could represent an attentive process with 
a focus on relevant information. Interestingly, novices’ average fixation duration 
during first contact was located more in the abovementioned modal range reported 
above, possibly reflecting a “search for information” (i.e. the “where” pathway). If 
this difference is due to the small sample size or represents a real difference in 
attention allocation remains to be elucidated. During the more challenging task of 
intubation, for example, fixation duration again showed more similar values, 
potentially indicating similar focus. 

Regarding saccades in general, during the overall scenario, saccade rate, 
duration, and amplitude appeared similar between the two groups, with a trend in 
experts performing shorter and smaller saccades. Absolute saccade count was not 
compared, as scenario duration slightly varied from participant to participant. 
Solely in the first contact phase, experts appear to have a larger saccade amplitude 
in this work. The possible association between saccade amplitude and cognitive 
load is discussed below. If an appropriately sized and powered study could confirm 
this trend remains subject to further investigation. 

Worth mentioning, work in monkeys has also shown that saccade velocity and 
amplitude reflect performance in saccadic choice tasks, with higher velocity and 
amplitude values for correct saccadic choices. [149] Interestingly, in their work, 
Seideman et al. report much higher saccadic velocities than seen in this study, 
maybe reflecting again the more pronounced process of analyzing information 
already located, i.e. on the monitoring equipment, than searching for it. [149] 
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To conclude this section with the discussion of blink metrics, both groups showed 
a drastic reduction in blinks during the intubation phase in contrast to the rest of 
the scenario, with similarly low numbers of blinks, possibly because of the mentally 
and motorically difficult task of securing an airway. 

Summing up the acquired data, it can be stated that in this trial, differences in visual 
behavior between experts and novices were noticeable in some parts of the 
scenario, but not to the degree and in the form that was expected. Appropriately 
sized and powered studies are necessary in the future to further investigate this.  

5.2 Question 2 - Does cognitive load 
potentially differ between experts and 
novices during a simulated medical 
scenario? 

Section 2.4.1.3 outlined that eye tracking may be used for analysis of cognitive 
load including both fixation and saccade metrics. 

As already mentioned, saccade metrics appeared similar during the overall 
scenario. This also was found in TOI comparison, except for the average saccade 
amplitude during first medical contact which appeared smaller in experts. As 
outlined above, this result could be interpreted in various manners, possibly 
indicating a higher load in the expert group. 

This would not be necessarily contradictory. Indeed, e.g. in some work regarding 
cognitive load during geographic map analysis, it has been demonstrated that 
experts show a higher cognitive load during a task they well know, represented by 
shorter saccade amplitude and higher velocity: The authors conclude that experts 
might not experience less cognitive load during a specific task but still achieve 
higher success rates due to a, as in this case, more efficient way of scanning and 
retrieving data from a map, as represented by shorter saccades. The novices’ 
longer saccades, in contrast, were interpreted as a more “chaotic search pattern”. 
[121] 

As already mentioned above, mean fixation duration appeared, at the first contact 
phase, different between groups. This could on the one hand indicate a higher 
cognitive load, in this case in the expert group. On the other hand, this could be 
interpreted more as an effect of expertise, where highly skilled and experienced 
individuals know where to allocate their attention to gain the most information, in 
this case, the monitoring equipment. 
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As for RMSSD, again the intragroup differences between different TOIs were more 
striking than differences between experts and novices, as mean RMSSD values 
between those two groups appeared similar. Especially during intubation and 
cardiac arrest, RMSSD indicated the highest cognitive load.  

Looking at the subjective evaluation of cognitive load, the overall scenario load 
using NASA TLX was quite similar for experts and novices, as described above. 
TLX covers multiple aspects, e.g. also physical workload, which was rated quite 
low in both groups as participants were asked in advance to refrain from physically 
exhausting activities, such as delivering chest compressions, to minimize 
movement artifacts on the GSR sensor. Also, it was expected that the performance 
sub rating would be similar, given the fact that most likely everybody would have 
wanted to save the patient. The sub-rating of cognitive load, which appeared higher 
in novices, might be connected to not yet perfectly internalized CPR algorithm 
steps, which could lead to higher subjective concentration efforts. This is not 
completely in line with the assessed objective parameters of cognitive load:  

Using the defined questionnaires, the overall group – as well as the subgroups – 
ranked the tasks assessed with the PAAS cognitive load scale with the cardiac 
arrest task being the most mentally challenging, followed by the intubation and 
then distraction part. In contrast to this, RMSSD values and saccadic velocity, e.g., 
draw a different picture. Interpreting a smaller RMSSD as a higher load imposed, 
the smallest RMSSD was detected during intubation, followed by arrest and 
distraction TOIs  

Saccadic velocity was highest during distraction, followed by arrest and, lastly, 
intubation. This might lead to the conclusion that, albeit not consciously registered 
by participants, the loud noise did cause a distraction that altered visual behavior 
and induced a search pattern, driving attention away from the patient. If this 
although is equal to an automatically elevated cognitive load remains subject to 
debate.  

Aiming to find a (preliminary) answer to question 2, it could be stated that 
differences in cognitive load appeared to lie less on an inter-, but more on an 
intragroup level during TOIs. Despite very few metrics for some time points, 
objective load parameters seemed mostly similar between experts and novices. 
The scenario itself, though, imposed a decent amount of stress on both groups, 
with the experienced stress levels at distinct time points not always matching the 
results of objective data analyses.  
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5.3 Question 3 - What would be an 
appropriate sample size to further 
investigate differences in visual behavior 
and cognitive load 

Necessary sample sizes for detecting statistically significant differences between 
experts and novices varied quite strongly with used measurement results, as 
expected. With a minimal sample size of 34 to evaluate differences in the 
proportion that each group spends on fixating monitoring equipment, this study 
size would also be sufficiently powered to detect differences in the selected 
objective and subjective parameters of cognitive load. Including 34 participants 
though would render the execution of such a study likely impossible in a medium-
sized hospital like the one chosen for this pilot project. Recruiting participants from 
multiple hospitals, or, e.g., a large university hospital, would thus be necessary.  

5.4 Question 4 – Is the combined usage of 
eye tracking and cognitive load 
equipment during medical simulation 
feasible? 

The used equipment was equally well accepted by the expert as well as novice 
groups. Probands were only marginally or not at all influenced by the eye tracking 
equipment, with no participant stating that they were distracting during the scenario 
in a relevant manner. During this study, participants even stated that they almost 
forgot the were wearing eye tracking equipment and quite open to using such 
technology during a real-world emergency scenario.  

An equal result was achieved for the GSR equipment, albeit it was not evaluated 
if participants would be willing to use it during a real emergency. An issue that has 
to be mentioned nonetheless, is signal quality. Although the electrode position 
used in this study has been reported to deliver valid GSR signals, the acquired 
data was highly compromised by motion and muscle artifacts, rendering an 
analysis with the existing “out of the box” analysis algorithm of the used software 
impossible. For future research alternative electrode positions and a tighter fixation 
of electrode cables should be considered.  

As heart rate sensors have been used for decades and are also widely used and 
well-accepted by the general population, no specific questionnaire was designed 
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to evaluate usage during this simulation study. No negative feedback regarding the 
chest belt was communicated from participants.  

Summing up the collected evidence, the multi-sensor approach designed for this 
scenario may be deemed highly feasible, with eye tracking equipment even 
showing potential usage during real-world medical scenarios. Feedback not 
mirrored in the questionnaires but communicated orally by the participants after 
the scenario showed the most “concern” with the chest bag that was used for 
storing the eye tracking smart unit as well as the cable connecting glasses and 
smart unit. A more tailored approach concerning these parts, e.g. a more fitting 
storage solution for the smart unit, could even increase acceptance. GSR signal 
collection needs further refinement to compensate for motion and muscle artifacts.  

5.5 Limitations 
As any pilot work has weaknesses, so does this study. First, the sample size of 7 
novices and 5 participants clearly is small. Results more reflect trends in the 
selected populations than actual statistically significant differences. Given the time 
available for planning and the limited resources regarding participant recruitment 
with only one study site and an obvious shortage of healthcare personnel, a study 
with a larger sample size would require more time and potentially recruitment in 
multiple healthcare facilities. Also, outliers identified in the dataset were still 
included in statistical analysis, as their exclusion would have shrunk the available 
data even more. Additionally, identifying an outlier reliably in such a small dataset 
is a very complex task per se.  

Secondly, novice and expert groups were somewhat heterogeneous. A stricter 
recruitment strategy, e.g. potentially demanding at least a decade of experience in 
a true “expert” group, would maybe have shown more accentuated differences in 
groups, but again was hardly realizable. As the pool of participants with this amount 
of experience was extremely limited for this work and would have led to an even 
smaller sample size in the expert group, a somewhat more blurred line, defining 
expertise as having passed the certification exam for the respective medical 
specialty, had to be introduced. If profound theoretical knowledge truly defines an 
expert already is at least debatable. For future work, emphasis has to be put on a 
clearer distinction between experts and novices, potentially resulting in more clear 
outcomes.  

Third, due to unplanned construction work, the study site had to be altered. During 
the second study day, the simulation scenario was performed in a more open 
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location, with non-involved personnel passing by the whole day, potentially leading 
to distractions that were not part of the study plan. If this introduced bias into the 
results remains unknown. Also, the monitoring equipment had to be positioned at 
a different location in relation to the simulation mannequin, which could also 
potentially have influenced participants’ visual behavior.  

Fourth, data quality, using high-end technology, always causes some kind of 
headache. With eye tracking data lost at some points for two participants, the 
available pool of data was reduced even more in an already small sample size. 
Nonetheless, given the complexity of this work using 3 sensors and 2 
questionnaires, a stable amount of data quality was reached.  

Fifth, the attempt to collect GSR signals itself was successful, but using the 
acquired data to gain extra insight on stress and cognitive load by running them 
through “out-of-the-box” algorithms provided by the software used for biosignal 
analysis failed. Motions artifacts rendered automatic analysis impossible in the 
end. Nonetheless, some work has been published where GSR signals were 
successfully collected during simulation training and subsequently analyzed using 
machine learning. [18] A future study using the collected data in this trial could 
therefore aim at creating a similar solution to filter out motion artifacts and allow for 
a valid analysis of the acquired signals.  

Lastly, it must be mentioned that medical simulation has been gaining attention at 
the study sight during the last few years, with especially younger doctors training 
a lot with simulation equipment. If this may have led to a certain amount of 
“reversal” in expertise, with the younger staff more accustomed to this kind of 
training setting, requires further investigation.  
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6 Conclusion 

This work indicates that a complex multi-sensor analysis approach during 
simulation scenarios is plannable in a relatively small amount of time, highly 
feasible, and well accepted by participants. It may even suggest the usage of 
sensors during real-world medical scenarios, albeit ethical concerns, e.g. if a piece 
of a piece equipment leads to a delay in the provision of medical aid, remain 
standing. Additionally, the usage of GSR sensors needs further refinement to 
produce reliable data, with potential optimization sources lying in sensor position, 
fixation, and analysis strategies. 

Regarding visual behavior, experts and novices showed quite similar results, with 
differences being more found between the times of interest than between groups. 
Other reasons possibly explaining this, despite the small sample size of this work, 
have already been outlined above. Nonetheless, this work brought to light highly 
interesting insights into visual behavior that also can be found in non-expected 
similarities, e.g. the amount of time both groups invested in looking at monitoring 
equipment.  

Also, noticeable alterations of eye tracking as well as heart rate metrics due to 
imposed stress on participants were detected, being in line with former work on 
this topic, rendering the usage of this approach promising for the future.  

Regarding the subjective evaluation of cognitive load, it was shown that subjective 
experiences and objective sensor data do not necessarily align, supporting an 
integrated approach, with each data source providing a valuable puzzle piece, 
aiding in finding the “ground truth” of behavior and cognitive load.  

To outline possible upcoming work, a repetition of this study with a higher sample 
size, a clearer distinction between experts and novices and, – in the case of GSR 
– more robust sensor fitting, and analysis solutions seem promising.  
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Supplementary tables 
 

  
Supplementary Table 1 - Biosensor results for overall scenario 

 Novice Expert Overall 

Fixations    

Fixation count (n, mean (SD)) 389 (± 88) 384 (± 80) 387 (± 79) 

Fixation time abs. (min, mean (SD)) 1.9 (± 0.4) 2.7 (± 1.1) 2.3 (± 0.9) 

Fixation time rel. (% of TOI, mean (SD)) 13 (± 4)¥ 20 (± 8) 16 (± 7)* 

Fixation rate (n/min, mean (SD)) 28 (± 6) 28 (± 6) 28 (± 6) 

Mean fixation duration (ms, mean(SD)) 295 (± 30) 419 (± 133) 357 (± 112) 

TTFF (sec, mean (SD)) 37 (± 27)¥ 41 (± 37) 39 (± 30)* 

Saccades    

Saccade count (n, mean (SD)) 619 (± 68) 527 (± 150) 573 (± 120) 

Saccade rate (n/min, mean (SD)) 45 (± 5) 38 (± 11) 42 (± 9) 

Saccade amplitude (deg, mean (SD)) 5.3 (± 1.1) 4.1 (± 0.4) 4.7 (± 1.0) 

Saccade peak velocity (deg/sec, mean 

(SD)) 

113.7 (± 

28.1) 

98.7 (± 

20.1) 

106.2 (± 

24.3) 

Blinks    

Blink count (n, mean (SD)) 327 (± 136) † 331 (± 159) 329 (± 139) ∆  

Blink rate (n/min, mean (SD)) 25 (± 11) †  24 (± 11) 24 (± 11) ∆  

Heart Rate    

HR (bpm, mean (SD)) 97 (± 13) 100 (± 11) 98 (± 12) 

RMSSD (ms, mean (SD)) 29 (± 12) 21 (± 7) 26 (± 11) 

Legend: ¥: n = 7, *: n = 12, †: n = 6, ∆: n = 11. If not otherwise marked n for novice = 5. Inclusion 

of participants depended on data availability. 
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Supplementary Table 2 - Biosensor results for first contact TOI 

 Novice Expert Overall 

Fixations    

Fixation count (n, mean (SD)) 147 (± 40) 147 (± 53) 147 (± 44) 

Fixation time abs. (min, mean (SD)) 0.7 (± 0.2) 1.0 (± 0.4) 0.8 (± 0.3) 

Fixation time rel. (% of TOI, mean (SD)) 15 (± 5) 22 (± 9) 18 (± 7) 

Fixation rate (n/min, mean (SD)) 33 (± 9) 33 (± 12) 33 (± 10) 

Mean fixation duration (ms, mean(SD)) 276 (± 53) 404 (± 90) 329 (± 94) 

TTFF (sec, mean (SD)) 37 (± 27) 41 (± 37) 39 (± 30) 

Saccades    

Saccade count (n, mean (SD)) 225 (± 49) 204 (± 101) 216 (± 72) 

Saccade rate (n/min, mean (SD)) 50 (± 11) 45 (± 23) 48 (±16) 

Saccade amplitude (deg, mean (SD)) 5.2 (± 1.0) 3.8 (± 0.9) 4.6 (± 1.2) 

Saccade peak velocity (deg/sec, mean (SD)) 123.1 (± 43) 95.3 (± 11) 111.5 (± 35.4) 

Blinks    

Blink count (n, mean (SD)) 128 (± 58) 132 (± 79) 130 (± 64) 

Blink rate (n/min, mean (SD)) 29 (± 13) 29 (± 18) 29 (± 14) 

Heart Rate    

HR (bpm, mean (SD)) 97 (± 12) 98 (± 11) 97 (± 11) 

RMSSD (ms, mean (SD)) 32 (± 12) 23 (± 6) 29 (± 11) 
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Supplementary Table 3 - Biosensor results for cardiac arrest TOI 

 Novice Expert Overall 

Fixations    

Fixation count (n, mean (SD)) 46 (± 15) 34 (± 15) 41 (± 16) 

Fixation time abs. (sec, mean (SD)) 14 (± 5) 15 (± 9) 15 (± 7) 

Fixation time rel. (% of TOI, mean (SD)) 23 (± 9) 26 (± 15) 24 (± 11) 

Fixation rate (n/min, mean (SD)) 46 (± 15) 34 (± 15) 41 (± 16) 

Mean fixation duration (ms, mean(SD)) 306 (± 85) 434 (± 141) 359 (± 125) 

TTFF (sec, mean (SD)) 1.2 (± 2.8) 1.4 (± 1.8) 1.3 (± 2.4)  

Saccades    

Saccade count (n, mean (SD)) 73 (± 23) 50 (± 30) 63 (± 28) 

Saccade rate (n/min, mean (SD)) 73 (± 23) 50 (± 30) 63 (± 28) 

Saccade amplitude (deg, mean (SD)) 6.0 (± 1.7) 3.9 (± 2.0) 5.1 (± 2.1) 

Saccade peak velocity (deg/sec, mean 

(SD)) 

130.3 (± 

58.5) 

94.0 (± 

17.1) 

115.2 (± 

48.2) 

Blinks    

Blink count (n, mean (SD)) 23 (± 10) 21 (± 11) 22 (± 10) 

Blink rate (n/min, mean (SD)) 23 (± 10) 21 (± 11) 22 (± 10) 

Heart Rate    

HR (bpm, mean (SD)) 100 (± 16) 101 (± 15) 100 (± 15) 

RMSSD (ms, mean (SD)) 22 (± 9) 18 (± 8)  20 (± 9) 
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Supplementary Table 4 - Biosensor results for intubation TOI 

 Novice Expert Overall 

Fixations    

Fixation count (n, mean (SD)) 41 (± 19) 23 (± 2) 33 (± 17) 

Fixation time abs. (sec, mean (SD)) 13 (± 5) 9 (± 6) 11 (± 6) 

Fixation time rel. (% of TOI, mean (SD)) 54 (± 22) 43 (± 29) 50 (± 25) 

Fixation rate (n/min, mean (SD)) 93 (± 20) 69 (±31) 83 (± 27) 

Mean fixation duration (ms, mean(SD)) 360 (± 151) 385 (± 276) 371 (± 201) 

TTFF (sec, mean (SD)) na na na  

Saccades    

Saccade count (n, mean (SD)) 89 (± 66) 68 (± 45) 80 (± 57) 

Saccade rate (n/min, mean (SD)) 193 (± 91) 198 (± 111) 195 (± 95) 

Saccade amplitude (deg, mean (SD)) 6.6 (± 2.8) 4.9 (± 0.7) 5.9 (± 2.3) 

Saccade peak velocity (deg/sec, mean 

(SD)) 

114.7 (± 

56.8) 

105.3 (± 

26.1) 

110.8 (± 

45.1) 

Blinks    

Blink count (n, mean (SD)) 3 (± 4) 2 (± 2) 2 (± 3) 

Blink rate (n/min, mean (SD)) 6 (± 7) 6 (± 6) 6 (± 6) 

Heart Rate    

HR (bpm, mean (SD)) 101 (± 14) 108 (± 15) 104 (± 14) 

RMSSD (ms, mean (SD)) 19 (± 19) 10 (± 6) 15 (± 15) 
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Supplementary Table 5 - Biosensor results for distraction TOI 

 Novice Expert Overall 

Fixations    

Fixation count (n, mean (SD)) 22 (± 8) 15 (± 6) 19 (± 8) 

Fixation time abs. (sec, mean (SD)) 4 (± 1) 4 (± 2) 4 (± 2) 

Fixation time rel. (% of TOI, mean (SD)) 42 (± 14) 39 (± 20) 41 (± 16) 

Fixation rate (n/min, mean (SD)) 134 (± 47) 91 (± 36) 116 (± 47) 

Mean fixation duration (ms, mean (SD)) 194 (± 59) 241 (± 88) 213 (± 73) 

TTFF (sec, mean (SD)) na na na  

Saccades    

Saccade count (n, mean (SD)) 40 (± 9) 37 (± 7) 39 (± 8), 

Saccade rate (n/min, mean (SD)) 242 (± 54) 221 (± 40) 233 (± 48) 

Saccade amplitude (deg, mean (SD)) 7.2 (± 1.3) 9.0 (± 1.4) 7.9 (± 1.6) 

Saccade peak velocity (deg/sec, mean 

(SD)) 

157.0 (± 

33.4) 

177.5 (± 

57.6) 

165.5 (± 

43.9) 

Blinks    

Blink count (n, mean (SD)) 4 (± 2) 3 (± 2) 4 (± 2) 

Blink rate (n/min, mean (SD)) 25 (± 14) 18 (± 10) 22 (±12) 

Heart Rate    

HR (bpm, mean (SD)) 95 (± 17) 102 (± 9) 98 (± 14) 

RMSSD (ms, mean (SD)) 28 (± 21) 15 (± 6) 23 (± 17) 
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Questionnaires 
Register Questionnaire 
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Debriefing Questionnaire 
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Recapitulation Questionnaire 

 



 

96 
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NASA TLX Questionnaire 

 

 

  

Name   Task    Da te

   Mental Demand How menta lly demand ing was the task?

   Physica l Demand How physica lly demand ing was the task?

   Tempora l Demand How hurried or rushed was the pace of the task?

   Per formance How successful were you in accomp lishing wha t
you were asked to do?

   E f for t How hard d id you have to work to  accomp lish
your leve l of performance?

   Frustra tion How insecure , d iscouraged , irrita ted , stressed ,
and annoyed wereyou?

Figure 8.6

NASA Task Load Index

Hart and Stave land ’s NASA Task Load Index (TLX) me thod assesses
work load on five 7-point sca les. Increments of high, med ium and low
estima tes for each point result in 21 grada tions on the sca les.

Very Low Very H igh

Very Low Very H igh

Very Low Very H igh

Very Low Very H igh

Perfec t     Fa ilure

Very Low Very H igh
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Exclusion criteria 
• For the group "emergency medicine novices": Regular participation (= at 

least once monthly in the last 12 months) in emergency doctor services. 
• Individuals who wear glasses and cannot wear contact lenses, and whose 

correction through the eye tracking system (corrective lenses available 
from -4 to +4 diopters) is not possible. 

• Any subjects with visual impairment, corresponding to a visual acuity < 1 
in both eyes, whose visual impairment cannot be corrected to a visual 
acuity of 1 even with the use of contact lenses or corrective lenses from 
the eye tracking system. 

• Subjects with eye diseases that make eye tracking impossible: 
• Subjects diagnosed with cataracts. 
• Subjects with diagnosed non-correctable strabismus (squint). 
• Subjects with amblyopia (lazy eye) of any cause. 
• Subjects with skin diseases/irritations or defects that make it impossible to 

attach the adhesive electrodes for skin resistance measurement. 

Inclusion criteria 
• Inclusion Criteria for "Emergency Medicine Experts": 

o Specialists in Anesthesiology. 
o Specialists in Internal Medicine with at least 2 years of experience 

in internal intensive care medicine. 
o Senior residents in Anesthesiology in their final year of training with 

completed specialty board examination. 
o Senior residents in Internal Medicine and internal intensive care 

medicine in their final year of training with completed specialty 
board examination. 

• Inclusion Criteria for "Emergency Medicine Newcomers": 
o Physicians in general medical training ("turnus"). 
o General practitioners (GPs). 
o Junior residents in Anesthesiology before rotation to an intensive 

care unit. 
o Junior residents in Internal Medicine before rotation to an intensive 

care unit. 
o Additionally, for physicians not affiliated with Anesthesiology, at 

least one of the following criteria to demonstrate basic skills in 
airway management: 

§ Valid emergency medical services (EMS) certification. 
§ Completed rotation in an anesthesiology department 

(including operating room). 
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§ Minimum of 3 completed simulation trainings with intubation 
exercises. 

Defined patient characteristics for simulation 

 

Patient Information:  
 

Age: 55yo 
Sex: Male 
Weight 95 kg 
Anamnesis: 
Chest pain/discomfort for the last 7 months on exertion, resolving at rest. Increasing 
symptoms during the last two weeks with more intense pain and decreasing time to 
symptom onset. Sudden onset of chest pain approx. 3 hours before at rest on day of 
presentation, ongoing.  
 
Past medical history: 
Diabetes mellitus Type II – treated orally.  
Heavy smoker – approx. 40 pack years 
Hypertension 
Hypercholesterolemia – not treated, medication declined by patient. 
Brother with Myocardial infarction at age 50.  
No regular medical check-ups, Diabetes Medication prescribed by general 
practitioner.  
Medication not known in detail, but no anticoagulation, inconsistent medication 
compliance 
No allergies. 

 
 
 

Vital signs at presentation: 
Heart rate: 105/min 
Blood pressure: 75/40 mmHg 
Respiratory rate:  24/min 
SpO2 89% at room conditions 
Recap Time:  >3 sec 

 
Clinical status at presentation: 
Heart sounds: Tachycardia, rhythmic, no murmurs 
Heart rhythm:  Sinus tachycardia, ongoing  
Lung sounds: Bilateral fine crackles – beginning lung 

edema 
Abdomen: Soft, no pain, normal peristaltic sounds 
Skin: Cold-sweated at forehead/torso 
Extremities Cold, no/very weak peripheral pulse 

palpable 
Glasgow Coma Scale 15 
General appearance:  

• Stressed patient with ongoing pain 
• Weak/no pulses peripheral 
• Cold-sweated forehead + torso 
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Medical history information sheet 

 

  

Master Thesis MDH 
Simulation Briefing V1.0 

 
Please note that your performance is of no interest to the study inves5gators and will not be 
rated in any way other than it would help you to improve your emergency skills. No 
performance results or analyses will be published in any form, neither the master thesis 
connected to this project nor poten5al future publica5ons. We are only interested in the 
data collected by the sensors.  So, try to relax and have “fun” ;) 
 
Simula'on scenario: 
 
You are on your shiF in the emergency department and get called by the nurses because a 
pa5ent presents with severe chest pain. The triage sheet states the following informa5on. 
 
Pa5ent Informa5on:  
 

Age: 55yo 
Sex: Male 
Weight 95 kg 
Anamnesis: 
Pa5ent admits himself to the Emergency Department with chest pain, sudden onset 
approx. 3 hours before, ongoing. 

 
 

Vital signs at presenta5on: 
Heart rate: 105/min 
Blood pressure: 75/40 mmHg 
Respiratory rate:  24/min 
SpO2 89% at room condi5ons 

 
 
There is no therapy restric5on exis5ng for the pa5ent, so you should provide everything you 
see an indica5on for.  
 
Addi5onal informa5on:  
 
The scenario starts once you enter the room. During the scenario, the team consists of you 
and two ICU/CCU nurses who happen to be on site. Your role is the one of the team leader. 
Your posi5on is at the head of the pa5ent. The hospital’s cardiac arrest team or other 
support will not be available for the dura5on of the simula5on as they are currently handling 
another emergency. You will be provided some informa5on sheets that shall support you in 
performing certain tasks if necessary.  
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Definition of Times of Interest 

 

Master Thesis MDH 
Definition of TOI 

 
Author Christoph Plank, dh221815@fhstp.ac.at 

 
Item type: Times of Interest 

 
Items: 
 

Name Definition Start - End Sensor Type 
Total scenario Start of scenario – end of 

scenario = Start marker of first 
medical contact to end 
marker of ROSC 

 

First Medical Contact Moment of first patient 
contact (= first fixation of 
patient) – +4,5 minutes 

Eye Tracking / GSR 

Cardiac arrest Time of cardiac arrest at 
minute 5 of scenario +1 
minute 

Eye Tracking/(GSR) 

Intubation Time of pick-up of 
laryngoscope – removement 
of laryngoscope from mouth) 

Eye Tracking – Blink 
Rate? 

First rhythm analysis Time of first rhythm analysis 
on defibrillator (verbal 
command) – time of decision 
how to succeed (verbal 
command) 

Eye Tracking / (GSR) 

Return of spontaneous 
circulation - ROSC 

Time of last rhythm analysis – 
time of acknowledgement of 
ROSC (verbal confirmation) 

GSR 

ECG analysis Time of Focus on ECG – end of 
ECG analysis (focus away 
from ECG) 

Eye Tracking  

Distraction Time of distracting noise – 10 
seconds after distraction 

Eye Tracking / (GSR) 

 


