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SUMMARY 

 

 

 A study of the effect of expertise on the perception and understanding of a 3D biomedical animation and the 

ability of a 3D animation of the lung endothelial surface layer to generate understanding of and interest in the lung 

endothelial surface layer was carried out using a mix of quantitative and qualitative approaches.  The animation was 

tested using eye-tracking with five lung trauma researchers who were experts on the animation’s topic, the lung 

endothelial surface layer, and with 15 biomedical visualization graduate students who lacked prior knowledge of the 

structure and science of the lung endothelial surface layer.  Information on demographics, knowledge gain on the lung 

endothelial surface layer, eye-tracking recordings, cued-retrospective reports, and written open-ended feedback were 

collected from both groups. 

 

The eye-tracking results, cued-retrospective audio recordings, and surveys between the groups of experts and 

novices showed expertise influenced perception and understanding of the animation of the lung ESL.  The group with 

high expertise on the lung endothelial surface layer rated the animation as very engaging.  They gained knowledge on 

the lung endothelial surface layer from the animation and would recommend the animation to their colleagues as an 

introduction to their research.  Their eye-tracking results and cued-retrospective reporting showed greater attention paid 

to areas of high scientific relevancy in the animation.  They also showed a viewing pattern of switching to one modality 

(audio or visual) to seek new information when shown familiar representations similar to schematics in the science 

literature.  

 

The group without prior knowledge of the lung endothelial surface layer focus also gained in knowledge of the 

lung endothelial surface layer after watching the animation.  They paid more attention to aspects of how the animation 

was created and less to the scientifically relevant areas.  They rated the animation on average as moderately engaging.  

These results demonstrate how important designing for a target audience is in order to maximize multimedia’s potential 

to fully engage and generate interest, as prior expertise greatly influences how an audience perceives and understands 

biomedical animations.   
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I. INTRODUCTION 

 Overview of the Study 

The endothelial surface layer (ESL) of lung vascular endothelial cells is important as a potential therapeutic 

target for modulating the inflammatory response and blood permeability at the lung of trauma patients (Chignalia et 

al., 2016; Collins, Blank, Deatherage, & Dull, 2013; Rahbar et al., 2015).    

This ESL, formed of a glycocalyx and a plasma layer, was first conceptualized in the 1940s and significant 

research has established its importance in regulating blood vessel permeability and inflammation. “In the early 

studies of the vascular endothelium, the glycocalyx had remained unnoticed because it was difficult to visualize: the 

tiny sugar coat was washed out by preparation procedures involved in conventional light and electron microscopy. ” 

(Chignalia et al., 2016)  Research into the Endothelial Glycocalyx has flourished since the 70’s (Fig. 1), but this new 

field is emerging and much is still unknown. 

Endothelial cells line all blood vessels and research has discovered that endothelial cells and their 

glycocalyx vary with organ type and blood vessel type (Pries & Kuebler, 2006).  Research is currently elucidating 

Figure 1. Endothelial Glycocalyx publication history has increased rapidly since the 1970s. Figure 

courtesy of Dr. Randal Dull. (R. Dull, personal communication, June 27, 2016) 
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the structural and functional differences between endothelial cells of blood vessels in the brain, lymphatic system, 

kidneys, heart and lung are derived from adaptations to the specific requirements of individual organs (Fig. 2) (Pries 

& Kuebler, 2006; van den Berg, Vink, & Spaan, 2003).  

 

Figure 2.  Research publications on the glycocalyx cover many organ systems and disciplines.  Figure courtesy of 

Dr. Randal Dull.  (R. Dull, personal communication, June 27, 2016) 

 

The endothelial cells of lung vasculature are unique in that they facilitate the exchange of gases with the 

ambient air for all of the blood that passes through the lungs (Pries & Kuebler, 2006).  The ESL’s heterogeneity 

contributes to the functional differences between endothelial cells in various organs and thus their response to 

changes in blood vessel permeability and inflammatory responses.  In the lung, the ESL’s composition and structure 

makes it more likely to induce inflammation, therefore, making it clinically important to academic physicians 

focused on trauma and anesthesia. 

Endothelial cells have an outer protein-sugar coat known as the endothelial glycocalyx (GC).  A protein-

plasma layer is enmeshed into the glycocalyx, and is known as the “immobile plasma layer” (Pries, Secomb, & 

Gaehtgens, 2000).  Together, the glycocalyx and the “immobile plasma layer” are referred to as the endothelial 

surface layer (ESL).   By its location on the surface of the endothelial cells, the ESL is positioned at the interface 

between flowing blood and the cell membrane, a critical location for a central role in inflammatory and blood-

clotting responses (Chignalia et al., 2016).   
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Recently, clinical trauma and anesthesia research has identified this endothelial surface layer as a key 

regulator of inflammation and blood vessel permeability (Chignalia et al., 2016).  In normal states the ESL functions 

as a barrier to large molecules and functions to control blood vessel permeability (Pries & Kuebler, 2006).  During 

inflammation, breakdown of the ESL and shedding of the glycocalyx increases vascular permeability through 

exposure of proteins on the endothelial surface, such as integrins, which enable egress of white blood cells involved 

in the inflammatory response (Collins et al., 2013; Pries et al., 2000).  

The shedding of the endothelial glycocalyx during inflammation is a dynamic molecular process (Chignalia 

et al., 2016; Cruz-Chu, Malafeev, Pajarskas, Pivkin, & Koumoutsakos, 2014).  Most current depictions are two-

dimensional static images and are thus limited visualizations of complex multidimensional events.  This research 

seeks to explore if animations would better address the challenge of describing how molecules move in space over 

time.  Amongst molecular biologists, computer generated 3D animations have grown in popularity within the 

research sphere because of their ability to visually capture and describe rich complex molecular narratives (Iwasa, 

2015).  An engaging and scientifically accurate 3D animation may help clinical researchers who are investigating 

lung trauma generate greater interest in the importance of the endothelial surface layer by engaging their peers at 

seminars. 

3D Animations of the glycocalyx do exist, but they focus on the glycocalyx of other organs and not 

specifically on the lung.  Since the structural and functional characteristics of the glycocalyx and endothelial cells 

vary with their location in the body, a need for an animation specific to the research of the lung endothelial surface 

layer and pulmonary trauma exists.  

This project investigated the effectiveness of 3D animation in engaging and educating an audience on the 

shedding of the glycocalyx from the endothelial surface layer of lung endothelial cells during inflammation and how 

this impacts blood vessel permeability and exposure of influential endothelial cell surface proteins at the lungs.  This 

research proposed to create a 3D animation that would aid anesthesiologists, researchers in acute pulmonary trauma, 

and lung endothelial glycocalyx researchers in presenting the rich visual molecular narrative of their research to 

peers during seminars.  Additionally, it proposed to use eye-tracking to examine visual search patterns of viewers of 

various subject matter familiarity as they watched the biomedical animation.   

Eye-tracking is a technology that allows tracking and recording of what viewers look at, for how long, and 

in what sequence (Perkins, Batty, Dyer, & Sita, 2016).  Eye-tracking studies on 3D animations and 3D medical 
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imagery have shown that how viewers look for information was affected by prior knowledge level (Bertram et al., 

2016; Mallett et al., 2014) and narrative context (Perkins et al., 2016).  Biomedical animations have recently started 

being evaluated by eye-tracking (de Koning, Tabbers, Rikers, & Paas, 2010; Hyönä, 2010).  Prior studies have 

shown that for scientific animations, expertise level influences how an animation is watched (VandenPlas, 2008).  

An eye-tracking study with the proposed biomedical animation may determine how prior knowledge affects how a 

biomedical animation of the ESL is perceived in terms of engagement. 

A 3D animation was created in collaboration with Randal Dull, MD, Ph.D., Director of Anesthesia 

Research at the University of Illinois at Chicago (UIC), who served as scientific context expert.  Once approved by 

Dr. Dull, the animation was shown to a group of information naïve students and lung injury research experts to 

evaluate its effectiveness in creating interest and knowledge in the topic.  Surveys and eye-tracking were used to 

evaluate whether the aspects that engaged interest differed between the naïve and expert viewer groups. 

 

 Purpose of the Study 

 

The rise in popularity of the 3D animation within the research sphere can be largely credited to its ability to 

visually capture and relate a rich and complex molecular narrative and hypothesis. The animation can be 

utilized in a number of outlets, including research seminars, course lectures, laboratory websites and 

supplemental figures. (Iwasa, 2015, p.84) 

 

It was hoped a successful and engaging 3D molecular animation, describing the dynamic molecular 

structure of the lung endothelial surface layer and its role in inflammatory processes in the lung, would aid in 

generating lung trauma researchers’ interest in the lung ESL at seminars on improving trauma patient outcomes.  It 

was also hoped that tracking eye gaze in novice and knowledgeable viewers watching the proposed molecular 3D 

animation would enable analysis of viewer’s visual search patterns within the context of biomedical animations to 

inform engagement and learning effectiveness for its audience.  Therefore, collectively, this study aimed to improve 

lung injury trauma researchers’ ability to generate interest in their research and contribute to a greater understanding 

of the effectiveness of future biomedical animations in differing audiences. 
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 Importance of the Study 

This study has a dual importance to promote clinical and biomedical study of lung trauma and to examine 

the effectiveness of eye-tracking in analyzing a viewer’s attention in Biomedical Visualization.  Research in 

improving the care of trauma patients has focused on reducing the post-trauma symptoms of inflammation and 

excessive bleeding (Chignalia et al., 2016; Rahbar et al., 2015).  Trauma was the leading cause of mortality in 

individuals under the age of 46 in the United States in 2010 (Rhee et al., 2014).  Traumatic injury often becomes a 

chronic disease which places significant long-term financial and diminished quality of life burdens on trauma 

survivors (Kauvar & Wade, 2005).  Trauma prevention has been identified as the best way to decrease these burdens 

(Kauvar & Wade, 2005). 

The lung ESL is a potential therapeutic target to prevent operative trauma and improve trauma patient 

outcomes.  Kauvar and Wade (2005), state that those involved in the care of injured patients are best situated to 

optimize care and outcomes for trauma patients.  Anesthesiologists are an important audience to reach because they 

are positioned to the use the clinical applications of the lung ESL research to care for trauma patients.  Generating 

interest in the lung ESL amongst clinical researchers is important because the field is new and much is still 

unknown. Stimulating interest in the lung ESL by reaching these two audiences may further the research field.  

Therefore, this animation may be important to improving trauma prevention, by reaching audiences with the most 

potential to improve trauma patient outcomes.  

This study sought to inform the Biomedical Visualization profession by examining how prior knowledge 

affects perception and understanding in expert audiences through the use of eye-tracking methodology and surveys.   

 

 The design of learning environments involving graphics should be consistent with a research-based theory 

of how people learn and evidence based principles of how to help people learn.  Research using eye-

tracking offers an unique path to testing aspects of theories of multimedia learning, particularly concerning 

perceptual processing during learning. (Mayer, 2010, p.171) 

 

This research was an effort to add to evidence on how people, specifically experts, learn from animations.  

This study used eye-tracking and qualitative surveys to examine how the animation was perceived, how the 

animation stimulated interest, and how expertise facilitated increased understanding.  The results were used to 

evaluate how successfully the animation was in stimulating interest in lung ESL research.  The insights from this 

study increased understanding of how expertise affects researchers’ perception of science animations, contributed to 
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evidence based understanding of how graphics are successful, and may influence how future 3D molecular 

animations are designed.  

 

II. CONCEPTUAL CONTEXT 

 Theory 

1. Cognitive theory of visualizations and engagement in molecular animation 

Animations have been shown to contribute to deeper understanding and higher retention, and to be superior to 

static pictures when depicting visualizations that represent a process (Höffler & Leutner, 2007).  Historically, 

animations have been heavily influential in increasing appreciation for a topic and have been highly productive 

forces in the generation of scientific knowledge (Landecker, 2009).  In explaining unseen worlds, static 

representations of structures and processes are inadequate to describe how molecules move in 3D space and time 

(Iwasa, 2016; Landecker, 2009).  To address this, 3D animation has risen in popularity within the research sphere 

because of its ability to convey molecular narrative and propose hypothesis as animations can be utilized in a 

number of outlets, including research seminars, course lectures, laboratory websites, and supplemental figures 

(Iwasa, 2015).   

2. Unique contributions of eye-tracking methodology: linking learning to looking 

Eye-tracking study of graphic representations provides unique insights into links between learning and 

looking (Mayer, 2010).  Media creators’ research using eye-tracking technology on moving images allowed 

determination of types of visual search patterns that can reveal patterns in the viewer’s cognitive process (Perkins et 

al., 2016).  Eye-tracking is a technology that allows us to track and record what viewers looked at on a screen, for 

how long, and in what sequence (Perkins et al., 2016).  Eye-tracking technology works by measuring infrared light 

that has been cast onto the eye.  This light is then captured as reflected light via a sensor. Measurements of eye-

fixations, eye-search patterns, and pupillary dilation can be collected by this sensor and overlaid through software 

onto what was observed (Bertram et al., 2016; Mallett et al., 2014; Perkins et al., 2016) 
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Figure 3. Example of Eye-tracking.  Fixations are areas where the eyes focus.  The areas where fixations occur are 

called areas of interest or AOIs. 

Where we look to gather information is called an eye-fixation.   Recording eye-fixations demonstrates what 

focuses attention over time and is called gaze behavior.  Gaze behavior can indicate cognitive drives (Perkins et al., 

2016). Eye-tracking that measures total fixation time on relevant areas of interest on instructional graphics have 

shown to be a way to test hypotheses and measure perceptual processing when learning from graphics. Total fixation 

time on relevant areas of graphic is intended to be a measure of perceptual processing.  Perceptual processing is 

hypothesized to cause increases in cognitive performance that leads to better learning. In studies on learning from 

graphics, manipulations that had increased learning, as measured by cognitive performance, have shown correlated 

increases with increased fixation time in areas of interest (AOIs) (Mayer, 2010). 

 

3.  Prior knowledge effect on perceptual processing as measured by eye-tracking 

Prior knowledge has been shown to affect learning, as measured by cognitive performance, with an 

increased perceptual processing of scientifically relevant portions of graphics, or areas of interest shown through 

increased fixation time in relevant areas of interest (Mayer, 2010; VandenPlas, 2008).  Participants with higher prior 

knowledge performed better on eye-fixation time scores and cognitive performance scores than did people with 

lower prior knowledge.  Overall, in studies where manipulation had an effect on learning outcomes, it also had a 

corresponding effect on eye fixation time.  Thus, substantive evidence through eye-tracking has linked learning and 

looking with perceptual processing and the prior knowledge principle (Mayer, 2010). 
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 Hypothesis: 

It is hypothesized that viewing of a 3D animation on the endothelial surface layer structure and function 

during inflammation will generate interest and understanding of the lung ESL in trauma researchers and 

anesthesiologists.  Tracking eye gaze will show differences exist in visual search patterns, in terms of fixations 

within areas of interest, between audiences with prior knowledge of the lung endothelial surface layer compared to 

those without.  

  Research Question  

This research project seeks to investigate whether a 3D animation may generate interest and greater 

understanding of the endothelial surface layer and its role in inflammatory processes in the lung in the scientific 

community.  This research project will also explore whether visual search patterns differ in terms of fixations within 

areas of interest (AOIs) when viewing a biomedical animation, depending on the audience’s prior knowledge of the 

topic. 

 

The research question is best phrased as: 

“Will a 3D animation generate interest in the lung endothelial surface layer and its role in inflammatory 

processes?  Does a difference exist between experts and novices in terms of the areas of interest (AOIs) 

they fixate on when viewing an animation on the lung endothelial surface layer?” 

  Literature Review  

1.  The structure of the lung endothelial surface layer  

a.  The Endothelium 

The endothelium is a layer of endothelial cells that lines all blood vessels throughout the entire 

cardiovascular system.   These cells regulate the permeability of blood vessels by controlling the flow of molecules 

and metabolites into and out of the vessel.  They also prevent inflammation through their surface.  The surface of the 

endothelium is a meshwork of many membrane bound molecules and gelatinous plasma proteins.  These membrane 

molecules are positioned to interface with cells, such as immune cells, in the blood.  Immune cells can bind to a 

small percentage of these membrane bound molecules, called adhesion proteins, on the endothelium surface. 

Normally the numerous membrane-bound molecules that are not adhesion proteins block immune cells from 
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accessing and binding to the adhesion proteins. This prevents initiation of an inflammatory response (Pries et al., 

2000).  

 

b.  The Glycocalyx 

 

Figure 4. Electron micrograph of the glycocalyx in a cross-section of a rat heart muscle capillary. Scale bar = 1 

micron.  Adapted from “The Endothelial Glycocalyx Protects Against Myocardial Edema,” by B. van den Berg, H. 

Vink, J. Spaan, 2003, Circulation Research,92(6), p. 593. Copyright (2003) by American Heart Association.  

Reprinted without permission. 

Under normal conditions, a filamentous sugar-protein shell, called the glycocalyx, coats the surfaces of 

endothelial cells.  The glycocalyx is small, fragile structure, 500 nms to a 1000 nms (1 micron) in height, fragile 

structure.  The glycocalyx is composed of proteoglycans, which have a sturdy core protein and long disaccharide 

chains that form a canopy-like scaffold structure (Chignalia et al., 2016). 
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Figure 5.Detailed transmission electron micrograph (TEM) of the glycocalyx.  Scale bar = 0.5 micron. Adapted from 

“The Endothelial Glycocalyx Protects Against Myocardial Edema,” by B. van den Berg, H. Vink, J. Spaan, 2003, 

Circulation Research,92(6), p. 593. Copyright (2003) by American Heart Association.  Reprinted without 

permission. 

 

 

 

c.  The plasma layer 

Proteins in the blood, known as serum proteins or plasma proteins, will absorb onto or into the canopy-like 

scaffold of the glycocalyx.   While these absorbed proteins are dynamically absorbed into and released from the 

glycocalyx, they ultimately form a thick viscous plasma layer referred to as “the immobile plasma layer” (Chignalia 

et al., 2016).  This layer creates the anti-thrombotic surface of endothelial cells, which prevents white blood cells 

and platelets from binding to endothelial cell surfaces and causing blood clotting.  Therefore, because the intact 

plasma layer acts as a barrier against white blood cells and platelets adhering to endothelial cells, the intact plasma 

layer is important in preventing the inflammation, blood clotting and changes in endothelial permeability that can 

occurs as a result of white blood cells and platelets binding to receptors on endothelial surface. 
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2.  The endothelial surface layer and its physiological process during inflammation 

 

 

Figure 6. Schematic of the endothelial surface layer and its relationship to the blood flow inside blood vessels. 

Adapted from “The Endothelial Surface Layer,” by Pries, A., Secomb, T., Gaehtgens, P., 2000, Pflügers Arch-Eur J 

Physiol. 440 (5), p. 658. Copyright (2000) by Springer-Verlag. Reprinted without permission. 
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Figure 7. Electron micrograph of a cross-section of a rat heart muscle capillary after the glycocalyx has been shed 

through treatment by an enzyme. Scale bar = 1 micron.  Scale bar = 0.5 micron. Adapted from “The Endothelial 

Glycocalyx Protects Against Myocardial Edema,” by B. van den Berg, H. Vink, J. Spaan, 2003, Circulation 

Research,92(6), p. 593. Copyright (2003) by American Heart Association.  Reprinted without permission. 

The glycocalyx and the plasma layer are together referred to as the endothelial surface layer (ESL) (Pries et 

al., 2000).  During inflammation and trauma, blood pressure increases cause the glycocalyx to break down, known 

as “shedding” (Lipowsky, 2012). The shedding of the glycocalyx causes attached plasma proteins to also be lost and 

the ESL disintegrates.  The shedding of the glycocalyx also releases components of the glycocalyx into the blood.  

The increased blood flow bends the glycocalyx and causes cell signaling into endothelial cells, via a process called 

mechanotransduction.  The endothelial cell signaling through mechanotransduction increases vascular permeability 

and prolongs inflammation (Tarbell, Simon, & Curry, 2014).   

 

3. The significance of the endothelial surface layer under normal conditions and during 

inflammation 

 

The intact ESL prevents inflammation, while the shedding of the glycocalyx increases inflammation and 

vascular permeability.  This breakdown of the glycocalyx during trauma causes changes in vascular permeability 



13 

Michaels Research Project 2017   

and “capillary leak” (Chignalia et al., 2016), where blood vessels leak fluid into interstitial spaces between organs. 

Fluid loss through the blood vessels increases with rising blood pressure and cardiac output, and can lead to fatal 

hemorrhagic shock.  Recent efforts in resuscitation for trauma patients have focused on ameliorating the effects of 

glycocalyx shedding. The shedding of the glycocalyx sequelae have been mitigated in animal models of 

hemorrhagic shock through restoration of the endothelial glycocalyx.  It is hoped that these results can be transferred 

to human studies and make it easier for anesthesiologists to prevent deaths through improved care and resuscitation 

(Rahbar et al., 2015).  Lung trauma researchers hope that by preventing the breakdown of the glycocalyx in trauma 

patients, inflammation can be decreased, normal vascular permeability be restored, and that resuscitation efforts will 

become more predictable.  This treatment strategy may ultimately improve trauma patient outcomes.  

4.  3D animation 

The endothelial surface layer (ESL) is a dynamic molecular structure and the shedding of the endothelial 

glycocalyx during inflammation is a dynamic process (Chignalia et al., 2016).  Most current depictions are two-

dimensional static images.  A 3D animation may address the difficulties of describing complex molecular 

movements in space over time.  The popularity of computer generated 3D animations has grown within the research 

sphere, especially with molecular biologists, because of its ability to visually capture and describe rich complex 

molecular narratives (Iwasa, 2015).  3D animations can help researchers communicate hypotheses and engage 

interest in their research topic.  They can be shown in a number of outlets: research seminars, laboratory websites, 

supplemental figures, and lectures (Iwasa, 2016).  A 3D animation would help glycocalyx researchers communicate 

to their peers and to the public as well as have a positive impact on seminar audiences’ retention and learning 

(Höffler & Leutner, 2007; Iwasa, 2016) 

Studies have shown that dynamic representations are “specifically superior” for retention and deeper 

understanding over static pictures when animations “explicitly refer to the topics to be learned” (Höffler & Leutner, 

2007).  Animations of the glycocalyx do exist, but they focus on the glycocalyx of the kidney and not the lung 

endothelium (Nymus 3d & Rabelink, 2014).  Since the glycocalyx and endothelium vary by location in the body and 

the pathologies that emerge from inflammation at those areas (Chignalia et al., 2016) there is a void for an animation 

specific to the research topic of the endothelial glycocalyx and pulmonary trauma.  
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5. . Eye-tracking and measuring perceptual processing of graphics 

Eye-tracking can reveal surprising patterns of gaze behavior.  In an eye-tracking study which compared 

fixations in 3D animations and live-action films, the results from the study with on the 3D animation revealed that 

“objects and motifs that actively move the story along and define character mood were picked out of the mise-en-

scène and gazed at even when the scene is fluid and action is taking place across the filmic space”, indicating that 

significant objects were focused on even in busy scenes (Perkins et al., 2016).  Eye-tracking with medical imagery 

has also found that visual search patterns and perceptual processing vary with viewer’s experience level (Bertram et 

al., 2016; Mallett et al., 2014).  Tracking eye gaze in medical imaging was investigated in two-dimensional imaging 

and three-dimensional imaging to determine visual search patterns of radiologists (Mallett et al., 2014).  

Radiologists, who are trained to interpret medical images, were found to differ in how they searched an image 

depending on whether they were experienced or inexperienced observers (Bertram et al., 2016; Mallett et al., 2014).  

Eye-tracking studies on biomedical animations (de Koning et al., 2010) and chemistry animations have 

shown that viewing patterns of expert and novice learners differ significantly (VandenPlas, 2008).  Engagement 

level was the same between novices and experts, but they differed in how they spent their fixations.  Experts’ well 

developed schemas allow them to identify and fixate on a greater number of areas of interest (VandenPlas, 2008).   

In comparison, novices were less able to identify areas of interest and were more likely to fixate on conceptually 

unimportant areas of the animation (VandenPlas, 2008).  However, these types of differences can be diminished by 

using attention guiding techniques, such as cueing in biomedical animations (de Koning et al., 2010).  Effective 

visual signaling techniques that are ways of manipulating prior knowledge include increasing the visual salience of 

task-relevant information through spotlight-cues, which increase luminance or contrast (de Koning et al., 2010), 

exemplified by “use of spreading colored areas and the use of shading out irrelevant areas” (Mayer, 2010).  Building 

from these past studies, the first eye-tracking study on an animation of the lung ESL could inform future biomedical 

animations on related topics by describing where viewers look to derive meaning and how that may differ with prior 

knowledge on the topic.  
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III. METHODS 

 Methods of production 

This research project created a blended 2D and 3D animation that visually depicts the lung endothelial 

surface layer and its physiological process during inflammation.  Content experts, review papers, primary literature, 

textbooks, and online resources were referenced to ensure accuracy of the 3D models and visualizations of 

biomedical structures.   

1.  Pre-production   

A script was written in collaboration with Dr. Randal Dull, a context expert in ESL, which guided the 

content of the animation (Appendix A, p. 71).  What is currently known or hypothesized about structures of the lung 

Endothelial Surface layer, and related structures were gathered from the scientific literature and recorded in 

nanometers. (See Appendix B p. 73, for the full list).   

TABLE I.  

SIZE OF GLYCOCALYX MODELS  

 

A fifteen page storyboard integrating the script shaped the animation’s visual narrative in terms of 

information sequence, appearance, and composition (Appendix C, p. 78).  The storyboard was used to decide which 

scenes would be in 3D and which would be in 2D to balance the length of the animation with its production timeline 

(Fig. 10). 

Hyaluronan 
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Figure 8.  First page of storyboard. 
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Figure 9.  Full storyboard color coded by which scenes will be in 3d and which will be in 2D.  

 Orange scenes are 3D. 

  A “Scene shot” or ontological itemized spreadsheet of all the scenes and their components was created to 

ensure that all aspects of each scene had been accounted for and was used to list potential ways of making the scenes 

and necessary items (Appendix D, p.91).  Lists of the scenes, and items in the environment were also created 

(Appendix E, p. 95, Appendix F, p. 96). Since, testing Areas of Interest (AOIs) would be especially important for 

experiment decisions about color, saturation, contrast and hue they were decided during the storyboard stage, using 

analogous and triad color schemes (Appendix G, p. 99).  These color schemes were modified during the post-

production color grading process for improving continuity within the animation. 

2. Production  

a. 3D Scenes 

3D scenes were set up in millimeters so that scenes could be created at the ratio of 1nm = 1 mm or 1000 

mm = 1 micron.  Endothelial cells were created to scale, by modifying the 3ds Max default sphere structure.  These 
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endothelial cells were used to create bronchiole arterioles. Animation of the endothelial cells were created through 

using the Morpher modifier from Autodesk 3ds Max ® (Fig. 11). 

 

 
 

 

Figure 10.  3D models. A single endothelial cells (top).  Orthographic top view of an Endothelial Cell (top right).  

Bronchiole arteriole created from the endothelial cell models (bottom). 
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Complete crystallography glycocalyx structures were not available through the RCSB Protein Data Bank so 

schematic glycocalyx structures were created based on the current known structural understanding and 

measurements. The glycocalyx structures were created as schematic representations with hexagons representing the 

disaccharides.  These structures were animated using the bend modifier to the rate of the 61 beats per minute heart 

rate audio to mimic cardiac flow. 
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Figure 11. Schematic representations of the glycocalyx.  Adapted from “Mechanosensing at the Vascular Interface,” 

by J. Tarbell, S. Simon, F. Curry, 2014, Annual review of Biomechanical Engineering,16(1), p. 523. Copyright 

(2014) by Annual Reviews.  Reprinted without permission. 

  

 

 

 

Heperan sulfate – GAG chains Heperan sulfate – GAG chains Chrondroitin sulfate – GAG chains 

Glypican 
Syndecans 

 

A B 
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Hyaluronan 

Figure 12. 3D models of components of the glycocalyx (A) Heperan sulfate glycosaminoglycan chains (GAGs) in 

the glypican and syndecan proteoglycan families, (B) Chrondroitin sulfate GAGs in the syndecan families, (C) 

Hyaluronan,, based on schematic representations and current knowledge of the structures. 

  

C 
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A 3d sculpture program, Pixologic ZBrush ®, was used to create structures for plasma proteins and Plasma 

proteins.  Since these proteins would only ever take up a small amount of the screen or would be moving at high 

velocities across the screen, they were created at low fidelity to the actual structures.  These structures were then 

brought into 3Ds max and optimized for animation. 

    

Albumin Fibrinogen Immunoglobulin Protein 

Figure 13. 3D models of the plasma proteins. 

 

Figure 14. 3D model of a white blood cell (neutrophil). 

Pflow particle systems, procedural generation of objects on a surface that can be interacted with, were used 

in some of the 3D scenes. 
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Attempts to use the “Hair and Fur modifier” to create representations of the glycocalyx were made, but 

they were found to cause too many errors on the render farm to successfully render.  A particle system with a UV-

mapped opacity map on a shape instance was created instead. 

 

  

  

Hair and Fur modifier Particle System 

Figure 15.  Images of the glycocalyx representations as filaments as they appear in TEMs.  Initial representation was 

through the Hair and Fur modifier from 3ds Max, but it was too difficult to render (left).  Representation created 

using a particle system (right). 
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The plasma layer was first created using the Blobmesh system within 3ds Max to create a gelatinous layer, 

but after review by the content expert it was deemed too globular to be an accurate depiction of the plasma layer.  A 

particle system using the plasma proteins created in Pixologic Zbrush was created instead, to mimic foliage.  

 

Blobmesh Particle system 

  

  

  

Figure 16. Representations of the plasma layer.  Original representations using the Blobmesh system in 3ds Max 

(left).  Final representations using the plasma proteins created in ZBrush and a particle system in 3ds Max (right).  

b. 2D scenes 

   2D graphics were created in Adobe Photoshop ® and Adobe Illustrator ® and animated in Adobe After 

Effects ® (AE) .  Scenes in After Effects with parallax were created as 3D After Effects scenes . 
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Normal State Interstitial space filling Respiratory failure 

Figure 17.  Examples of assets created in Photoshop. 

 

Figure 18. Schematic drawing of the Ve-cadherin 

in the cell junction.  Similar to the conventional 

representations within the scientific literature.  

Adapted from “Ve-cadherin and Endothelial 

Adherens Junctions: Active Guardians of Vascular 

Integrity,” by M. Giannotta, M. Trani, E. Dejana, 

2013, Developmental Cell, 26 (5),p. 448. 

Copyright (2013) by Elsevier Inc. Reprinted 

without permission. 

 

 

Figure 19.  Final representation of Ve-cadherin based on 

schematic representations.  
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Top 

 

Left 

 

Figure 20. Views of how 3D scenes were set up in After Effects. The red triangle is the camera and the lines are the 

images. 
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Figure 21. Transmission Electron Microscopy image of the glycocalyx covering bovine aortic endothelial cells. EC 

means Endothelial Cells and GCX means glycocalyx.  Adapted from “Mechanosensing at the Vascular Interface,” 

by J. Tarbell, S. Simon, F. Curry, 2014, Annual review of Biomechanical Engineering,16(1), p. 512. Copyright 

(2014) by Annual Reviews. Reprinted without permission. 

  

 

Figure 22. A background of endothelial cells in profile and in cross-section created for the animation.  3D renders of 

the lipid bilayer’s phospholipid heads were used to texture the outside of endothelial cells. The Visual Molecular 

Dynamic’s “membrane generator” was used to create the bi-lipid plasma membrane layer for cross-section views of 

the endothelial cells.  

 

Figure 23. Lipid membrane. 

3d renders of the glycocalyx bending during mechanotransduction, plasma proteins, and glycocalyx structures were 

used as 2D assets to facilitate continuity between scenes (Fig.26). 
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Figure 24 Schematic of mechanotransduction showing 

the bending of the glycocalyx structures.  Adapted from 

“The Endothelial Glycocalyx: Emerging concepts in 

Pulmonary Edema and Acute Lung Injury” by S. Collins 

et. al., 2013, Anesthesia & Analgesia, 117(3), P.668. 

Copyright (2013) Society of Critical care 

Anesthesiologists. Reprinted without permission. 

 

Bending 3d models of the glycocalyx to simulate 

mechanotransduction.  

Figure 25. Mechanotransduction represented in 3D models. 

The highest resolution image of the glycocalyx  by VandenBerg (Fig. 5) was modified in Photoshop and 

Illustrator and used as a backdrop (Fig. 27).   

 

 

Figure 26. Modified image of VanDeBerg et.al. Adapted from “The Endothelial Glycocalyx Protects Against 

Myocardial Edema,” by B. van den Berg, H. Vink, J. Spaan, 2003, Circulation Research,92(6), p. 593. Copyright 

(2003) by American Heart Association.  Reprinted without permission. 
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Footage of a vitals monitor during normal respiration and during a simulation of a patient with symptoms 

of lung trauma decreased pulmonary oxygen level (SpO2), increased heart rate (HR), and increased respiratory rate 

(RR) (Fig. 28). 

  

Normal Lung Trauma 

Figure 27. Footage of a vitals monitor during a simulation.  

Chest x-rays of pulmonary edema and normal lungs were provided by the content expert.  

The After Effects Particular effect was used to create fog as a representation of nitric oxide (Fig. 29). 

 

Figure 28. Nitric oxide representation created in After Effects using Red Giant Particular®. 

c. Audio 

Audio was edited in Adobe Audition® and added to the footage in Adobe Premiere Pro® to add the sound of 

a heartbeat at 61 beats per minute (Benboncan, 2010). 
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d. Renders 

All renders were made using the Mental Ray renderer.  Mental ray passes were rendered as compressed 

OpenEXR 16 bit float files in a linear color workspace (1.0 gamma) with the g-buffer pass of Z-depth as 32 bit RGB 

float.  

3. Post-production 

In general, 3D rendered sequences from 3ds Max were brought into After Effects compositions.  Each 

render sequence was duplicated.  One render pass would have ProExtractor applied in order to extract the Z-depth 

pass and the other layer would have the Camera Lens Blur effect applied, with its Z-depth information set to the 

render pass with the ProExtractor applied.  Other conventional compositing parts such as titles, cueing signs such as 

motion, contrast, glows, and the spread of color, were added in After Effects.  Scenes were dynamically linked 

between After Effects and Premiere Pro to allow dynamic playback of audio during this process.   

Color grading was accomplished using the plugin Colorama and by making hue and saturation adjustments 

in After Effects and in Photoshop.  Images of the glycocalyx scenes were examined together to ensure that 

continuity regarding the color of the endothelial cells, the glycocalyx structures, and the lumen were recognizable.  

 

Figure 29. Continuity images of the glycocalyx and ESL structures 
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Once compositing and cueing were finished, all footage was rendered from After Effects and the Adobe 

Dynamic Links in Premiere Pro were replaced by footage.  Then transitions between scenes, credits and sound 

effects were added in Premiere Pro. 

 

 Subjects 

Five experts were recruited from anesthesiology and lung trauma researchers at the University of Illinois 

College of Medicine at Chicago (Appendix H, p. 101). Experts had completed at least one year of laboratory 

research related to the endothelium and self identified as at least “moderately knowledgeable” on the topic of the 

Lung ESL.  Fifteen novices were recruited from the Biomedical Visualization graduate program at the University of 

Illinois at Chicago and from anesthesiology and lung trauma researchers with less than a year of research 

experience.  Subjects had a variety of color vision as measured by the Ishihara’s test for color deficiency (Ishihara, 

1997).  Some participants wore glasses, but this was not expected to interfere with testing (Gazepoint, 2013).  

Participation was voluntary and anonymous. 
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TABLE II.  

SAMPLE POPULATION'S DEMOGRAPHICS 

Demographics Researchers (n= 5) Novices (n= 15) 

Age Range 19-54 15- 34 

Color Blindness 

Normal – (n=1) 

Red-green color blind – 

(n=2) 

Other type of 

colorblindness – (n = 2) 

Normal – (n=13) 

Red-green color-blind – (n=2) 

Other type of colorblindness - 0 

Education 

MD, 

 PhD, 

 B.S. in Bioengineering, 

B.S. in Biology 

 
B.S. in Biological Sciences, 2013 

B.A. Biological Sciences 

B.A. Psychology, 2015 

B.S. Marine Science 

B.F.A, 2016 

B.A., Psychology, minors in Biology and Visual Arts 

B.F.A. 2015 

MS 

B.F.A. 2008 

Bachelor of Medicine 

B.A. 

MS, Biomedical Visualization, 2017, 

 
B.S. Bioengineering, 2017 

Junior in high school 
 

Background 

knowledge 

Research experience 

1 year – 5 years +, MD, 

PhD, PhD in epithelial 

cell tight junctions, 

High school biology, undergraduate biology, some 
graduate school level biology courses, 1 month of research 

experience, 1 week of research experience 
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TABLE III. 

 KNOWLEDGE LEVEL OF THE LUNG ESL 

 Researchers (n= 5) Novices (n= 15) 

Extremely Knowledgeable 1  

Very Knowledgeable 2  

Moderately Knowledgeable 2 2 

Slightly Knowledgeable  10 

Not Knowledgeable at all  3 

 

 

 

 

 

 Methods of Inquiry/ Methods of Data Collection 

1. Tests: User Characteristics 

a. Measuring Conceptual Gains and User Interpretation of Animation.  

   To measure knowledge level of the Lung ESL, questions on the Lung ESL that were approved by the 

content expert were given in the pre-test and the post-test.  Subjects also completed a qualitative survey regarding 

their opinions and interpretations of the animations they viewed.  These instruments were used to supplement the 

eye-tracking data and the cued retrospective reporting in order to investigate subjects’ interpretations of the 

animation to further address research question (2) “Does a difference exist between experts and novices in terms of 

the areas of interest (AOIs) they fixate on when viewing an animation on the lung endothelial surface layer?”  This 

instrument is shown in Appendix K (p. 107). 

2. Measuring User Visual Attention 

a. Animation.   

The animation, used in this study, was created by the investigator with the content expert.  The mixed 3D-

2D animation was presented on a computer monitor in mp4 format running at 24 frames per second.  The animation 

lasted a total of 4 minutes and 30 seconds.  Narration for this animation was recorded from the script in Appendix A 

(p.71). 
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 Eye-tracking Methodology 

The eye-tracking methodology was conducted with a Gazepoint Eye-tracking GP3 HD Eye-tracking device 

(Gazepoint, 2017).  The eye-tracking device uses near infrared light diodes to determine through sensors receiving 

reflected light patterns on the user’s corneas, where people are looking on a screen.  

 

 

Figure 30. Setup of Eye-tracking device. 

 

 Eye-position was sampled at a frame-rate of 150 Hz, meaning that 150 gaze points were collected per 

second for each eye (Gazepoint, 2017).  The eye-tracking device was placed on the keyboard of the computer and 

angled up at an approximately 60 degree angle towards the subjects faces.  Subjects were seated at a distance of 

approximately 60 cm from the monitor. 

Calibration using the Gazepoint Eye-tracking GP3 HD Eye-tracking device is fully automated and is 

accomplished using the GazePoint Control software.  The user looks at a white dot on the screen and follows it with 

their eyes without blinking as it appears on different locations on the screen.  After pre-test completion, the 
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Gazepoint Analysis program with the animation and encoded AOIs was opened and the Gazepoint Eye-tracking 

GP3 HD Eye-tracking device was calibrated for the participant’s eye with the Gazepoint Control software.  

A nine-point calibration was used in all of the tests.  (Images showing GazePoint Control are in Appendix N, p.35) 

 

 Testing with Eye-tracking: Timeline 

The completed animation was tested with eye-tracking by two groups: lung trauma and anesthesiology 

researchers at University of Illinois Medical College at Chicago laboratories and a pool of Biomedical Visualization 

graduate students during the summer of 2017.   

A recruitment letter explaining the research was emailed to potential participants’ UIC email addresses at 

the UIC Medical College for lung trauma and anesthesiology laboratory researchers and to the mailing list of UIC 

Biomedical Visualization students.  Subjects were recruited from the eligible pool by the investigator, Chinami 

Michaels, a Biomedical Visualization Graduate student.  Emails solicited study participation by informing eligible 

subjects about the research study and describing the project.  The text of the email for recruitment can be found in 

Appendix H, p. 101. 

During the week of eye-tracking testing, Biomedical Visualization graduate students and research 

laboratory members who had volunteered to participate in eye-tracking went to the Biomedical Visualization 

department to Room 244 at 1919 W. Taylor Street, Chicago, IL or to Room E-710A on the 7th floor of the UIC 

Medical Sciences Building at 835 South Wolcott Ave., Chicago, IL to watch the animation while their eye-tracking 

was recorded.  The investigator met them in the testing room, explained the research study and asked them to sign 

the Informed Consent Form (Appendix I, p. 102).  

Each test session lasted approximately 30 to 45 minutes.  They were given the Summary of the Research 

Form (Appendix J, p. 106) and any questions they had were answered.  Participants completed a pre-test survey 

online to assess their biology education background, establish their conceptual knowledge of the ESL, their interest 

level in the ESL, and a simplified Ishihara test for color blindness. (See Appendix K: Pre-test Survey, p. 107, and 

Appendix K1: Simplified Ishihara Color Blindness Test, p. 111).  

After finishing the pre-test, subjects were seated at the eye-tracking monitor, which was calibrated for each 

participant by the researcher.  After calibration, the AOI statistics were from the past users were refreshed and then 

the participants viewed the animation.  All participants were shown the animation with narration while the eye-
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tracking software recorded their eye-movements.  After viewing the animation, the animation was played back with 

the recorded eye-tracking overlaid and participants were recorded with a separate audio recording device while 

describing what they thought motivated their eye-movements.  
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a. Cued retrospective recording  

Next, cued retrospective recording (Mayer, 2010) was used and participants were shown the animation with 

their sequence of eye-fixations displayed in “Fixation” data visualization mode (Fig. 32) and described what thought 

process they thought informed their gaze patterns.  

 

 

 

Figure 31. Gaze Analysis Software (top), Fixation Visualization method (bottom left), Fixation Visualization and 

AOIs Settings (bottom right).  The blue box is an encoded AOI. 
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It was discovered that it is not possible to record the audio through the GazePoint Analysis UX edition 

integrated software’s ThinkAloud Voice technology while showing the recorded eye-tracking, without spending 

time rendering the output.  Instead, the audio was recorded through the investigator’s password protected phone and 

then transferred to the department’s secure password protected laptop.  No video of the participants’ faces was 

captured or recorded.  The recorded audio comments and eye-gaze data were stored on a password protected PC 

Laptop with the eye-tracking software and hardware installed, owned by UIC and the Biomedical Visualization 

graduate program.  After eye-tracking participants were asked to complete an online post-test survey and qualitative 

open-ended essay questions to evaluate knowledge gains, perception, and interest changes (Appendix M, p. 113) 

The eye-tracking portion of the experiment was conducted following a script for the administrating the test 

to keep results consistent (Appendix L: Script during Test Administration, p. 112).  

Lung trauma and anesthesiology researchers at the Medical College laboratories who chose not to 

participate in eye-tracking were sent the Summary of the Research and were asked to complete the pre-test survey, 

watch the animation, and then complete the post-test survey.  

Survey results were anonymous and an IRB exemption was submitted prior to testing.  The online survey 

service Qualtrics was used to conduct surveys and to collect the data.  The anonymous link to the surveys was 

hosted on the investigator’s website.  All recorded comments were made anonymous and unique identifiers were 

used to store the audio information.  Participants were sorted into either a novice or expert group based on their self 

identification of Lung ESL knowledge and each eye-tracking session and their audio recordings were stored under 

its group identifier.    

 

b. Eye-tracking and Epilepsy safety warning 

Eye-tracking normally does not have any risk to the participants, but if the participant has photosensitive 

epilepsy then there appears to be a risk of inducing seizures.  Participants with photosensitive epilepsy were 

informed of the potential risk outlined on the Tobii Safety Guidelines (Tobii Technology, 2017) and chose not to 

participate (See Appendix O, p.118 for email sent to participants).  All participants were asked if they had 

photosensitive epilepsy.  Participants with photosensitive epilepsy should be informed of the risk and it is advised 

they be excluded from the research pool.   
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 Methods of analysis 

1. Analysis of Viewing Patterns: Pre-production of Areas of Interest 

To analyze viewing patterns, a certain number of areas of interest (AOIs), as defined as stimulus features 

deemed conceptually important to the researchers and content expert, were identified.  The Areas of Interest (AOIs) 

were designed by using a storyboard where the images had been replaced with stills from the animation.  The Areas 

of Interest (AOIs) were drawn as rectangles encompassing the information rich areas which the investigator 

hypothesized that researchers would focus on.  The AOIs were cross-checked with Dr. Randal Dull, the content 

expert who reviewed the AOIs and added AOIs they felt would also occur (Fig. 34, Appendix Q, p. 133). 

Recommendations from Gazepoint were not available, so recommendations by Tobii software manufacturer, that for 

tasks with variable stimuli fixations be defined as a gaze within a 20-pixel radius location for a duration of 40 

milliseconds or greater, were used (Tobii Technology, 2006, as cited in VanPlasen, 2008).  A copy of the full AOI 

storyboard is in Appendix P, on page 119. A copy of the additions made to the AOIs after consulting with the 

content expert are in Appendix Q, p. 133.   
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Figure 32. AOIs. AOIs for the Scene Endothelial Shedding (left). Edits to AOI suggested by the Content Expert (right). 
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The eye-tracking system GazePoint GP3 HD Eye Tracker UX bundle includes the software Gazepoint 

Analysis UX edition that can be used to analyze AOIs and generate statistics.  With this software, the animation was 

broken down into individual frames and all AOIs shown in the frame were highlighted based on the AOI storyboard.  

As this was completed over several frames, these AOIs were encoded as Dynamic AOIs, which can move and 

change over time. Each scene had 1 to 6 AOIs which were numbered and named by scene.  

 Once the AOIs were encoded, the software was used to generate a report for each subject.  Eye-tracking 

data were reduced to fixations, which occur when the eyes stay relatively still in one location (Fig. 35).  
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Figure 33. Dynamic AOIs are encoded by highlighting AOIs at different frame times (upper left).  A list is kept by 

the software Gazepoint Analysis (upper right, below). 
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Fixations were analyzed as an average number of fixations for novices and experts.  The distribution of 

AOIs was analyzed for any differences between the two groups as well as for similarities on a per scene basis.  The 

AOIs were categorized by type and sorted through a 5 x 5 table based on whether they covered information with the 

following characteristics.  The full list of the AOIs sorted by category and by scene is in Appendix R, page 140.   

 

 Cuing Motion – motion is the predominant characteristic. 

 Cuing Contrast – contrast is the predominant characteristic. 

 Semantic BVIS Visuals – this AOI may be of special interest to the Biomedical Visualization graduate 

students because of its relationship to their studies. 

 Semantic Science – this AOI is important to understand the science of the animation. 

 Mistakes – this part of the animation may be perceived as a mistake, which may garner it extra attention.  

 

2. Qualitative Data: 

Participants’ responses to the qualitative questions on the post-test and their cued retrospective recordings were 

analyzed to address research question (1) “Will a 3D animation generate interest in the lung endothelial surface layer 

and its role in inflammatory processes?” and (2) “Does a difference exist between experts and novices in terms of 

the areas of interest (AOIs) they fixate on when viewing an animation on the lung endothelial surface layer?”. 

. 

3. Measuring Conceptual gains 

The pre-test and post-test scores about the Lung ESL were compared as a percentage of possible points to 

determine if knowledge gain had occurred.   These results and the eye-tracking results were used to address question 

(1) “Will a 3D animation generate interest in the lung endothelial surface layer and its role in inflammatory 

processes?”, for the novices.  

4. Alignment with past results 

In addition, the qualitative data were analyzed for potential alignment with correlations found in a previous 

study by VandenPlas (2008), where chemistry researchers and professors and chemistry students were found to 

significantly differ in how they spent their fixation time.  Quantitatively, chemistry experts spent more time fixated 

on AOIs, and viewed more individual AOIs, than chemistry novices.  Novices were more likely to fixate on 
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attractive areas cued by motion or contrast, which were conceptually less important to the scientific information of 

the animation (VandenPlas, 2008).  

IV. RESULTS 

 Research Question 1: Will a 3D animation generate interest in the lung endothelial surface layer and its role in 

inflammatory processes? 

1. Engagement 

The animation generated interest in both groups.  Researchers responses ranged from Extremely Engaging 

to Moderately Engaging, while Novices responses ranged from Very Engaging to Slightly interesting, with an 

average of Moderately Engaging (66.7%) for the novices 

a. Survey Results 

TABLE IV.  

 SURVEY RESULTS ON ENGAGMENT  

 Researchers (n= 5) Novices (n= 15) 

Extremely engaging 40.0%  

Very Engaging 40.0% 26.7% 

Moderately Engaging 20.0% 66.7% 

Slightly interesting  6.7% 

Not interesting at all   
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b. Knowledge Gain 

Knowledge gain, as measured by percent score on the pre-test and post-test, increased across both groups.  

Knowledge increase appeared to be greater in the Novice group (Fig. 35).  

 

 

Figure 34. Box plots Knowledge Gain showing Pre-test (Initial) and Post-test (Final) scores in Expert (n=5) and 

Novice (n=15). 

c. Knowledge Gain overlap with Semantic Science Areas of Interest for Novices 

Questions on which novices increased knowledge overlapped with fixations on AOIs ranked high on 

semantic science relevancy. Out of 5 novices who initially got this question wrong in the pre-test, 2 improved on the 

post-test.  Novices averaged 22. 063, 2.455, and 2.667 fixations counts during the VE-cadherin scene as shown in 

Table IV and in Figure 36.  The VE-cadherin scene was examined because it had the information necessary to 

understand to correctly answer questions about VE-cadherin in the post-test.  Further scene 
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Figure 35. Fixation pattern of a Novice participant.  The green and purple rectangles are the dynamic AOIs, where it 

was hypothesized a researcher would look.  The orange circles are the fixations, which vary in size directly 

proportionally with the duration of the fixation.  The orange line connecting the fixations are the saccades, the path 

that people took between the fixation points. 
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TABLE V.  

AVERAGE FIXATIONS FOR AOIS IN VE-CADHERIN SCENE AND THE AOI CATEGORIES FOR NOVICES 

Scene 
AOI 

ID 
AOI Name Novices Category 

Ve-cadherin 46 
Ve-cadherin 

1 
22.1 

Cueing Motion and 

Semantic Science 

Cueing Contrast and 

Semantic Science 

 82 
VE cadherin 

2 
2.45 

Semantic BVIS 

Visual and 

Semantic Science 

  

 83 AOI 83 2.7 

Semantic BVIS 

Visual and 

Semantic Science 

  

 

2. Surveys 

In the qualitative parts of the surveys, researchers’ comments expressed interest in the accuracy, the graphs, 

the visuals that had strong relevancy to what they are studying in the laboratory, and how the processes that occur 

during pressure-induced mechanotransduction were depicted.  Researchers gained new information in several areas 

and thought several areas were done well.  Researchers unanimously would recommend or use this animation in the 

future and would recommend it to a colleague (Table V).  

 

Novice’s comments expressed interest in two areas: the new scientific knowledge they had gained and the visual 

aspects of the animation.  Their answers on which aspects were “done well” focused primarily on how the animation 

and the visual aspects of the animation were created (Table VI).  
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TABLE VI. 

 RESEARCHERS' SURVEY RESULTS 

Researchers 

Please describe what you found most interesting about this animation 

 The animation gave me a good visual to we are studying in the lab. I thought the flow and detailed 

animation keep you involved. 

 The audio for the animation did a good job explaining what was happening, and the most interesting 

parts of the animation were the isolated graphics that didn't have much background noise (i.e. the VE 

cadherin being dissociated by the nitric oxide, the graphs, and the chest x-rays). 

 The accuracy and depth with which it depicted the processes that occur during pressure-induced 

mechanotransduction. 

 I love the idea of adding graphs to the animation. I believe it increases the scientists’ interest. I really 

like some of the surfaces presented, like the alveoli one. It has a good pace and the voice and animation 

are very well coordinated.  

 

What new information, if any, did the animation provide for you? 

 Liked how it showed barrier function and nitric oxide opening junction 

 This animation introduced to me the impact that serum proteins have on the glycocalyx, as well as gave 

me a clearer understanding of the immune response. 

 Specific size of endothelium 

 I got a much clear idea of the structure of the glycocalyx and how it works. 

 

What aspects of animation did you think were done well? 

 Lung edema, barrier function 

 The detail and flow. 

 The VE cadherin dissociation 

 Illustration of glycocalyx 

 Landscapes, descriptions, pace.  

What aspects of the animation did you think were done poorly? 

 I think the shape of GAGs was distracting 

 Other than the white blood cells, none. 

 The general landscapes of glycocalyx 

 Some surfaces could be improved.  

 

Would you recommend or use this animation in the future? 

 Yes, animation always helps 

 Yes, as an introduction to the research I am doing 

 Yes! (n=2) 

 For sure 

Affirmative = 100% 
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Researchers 

What are the weaknesses of the animation? 

 Shapes of glycocalyx pieces were not obvious 

 The animation of the white blood cell adhering to the membrane was to big. 

 Some of the scenes have a lot going on, such as the high number of proteoglycans shown and the 

number of serum proteins shown. Also, some of the scenes are a little messy and it’s hard to tell where 

we are in the blood vessel.  

 May be a little difficult to follow for individuals with no background in the associated topic 

 In the graph representation the idea of having audio at the same time than axis can be confusing. 

 

What suggestions do you have to improve this animation? 

 Maybe show blood flow 

 Make (the neutrophil) smaller. 

 I think making the animations more clear and structured rather than flowy and cartoony would help, as it 

would allow for a more crisp assessment as to what the specific structures are. 

 Further details about the general process of mechanotransduction, responses to increases in pressure, etc. 

 I would pace sound and animation more in the graph part, introducing the axis first, for example, and 

then showing then.  

 

Would you recommend this animation to your colleagues if they were looking for an introduction to the Lung 

ESL? 

 Yes – 100% of responses 
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TABLE VII.  

NOVICES' SURVEY RESULTS 

Novices 

Please describe what you found most interesting about this animation 

 Explanation of the glycocalyx and its components since I didn't know exactly what it was 

 I learned something! I found out about the significance of NO in VE-cadherin expression, and the effect 

it had on permeability. The science was really solid.   

 The underwater sound effects in the opening scene of the animation contributed to the viewer's sense of 

the internal environment depicted in the animation. This was also accomplished by the movement of the 

glycocalyces drifting towards the middle of the animation. 

 The use of colors and the scenery were definitely outside of the box, but created a very captivating visual 

experience. 

 The movement of the stalks in the lumen caught my attention because it reminded me of grass in the 

wind 

 I was really interested in the imagery of the glycocalyx, especially the multiple ways in which it was 

presented visually. 

 The complexity and level of detail was very high 

it took advantage of unique views and motion 

It included things I have never seen visualized before 

 The scene with the red blood cells in the vessel 

 The physiology of the tissue and the protein signaling mechanisms were interesting. I enjoyed the micro 

landscapes and found the colors pleasant 

 I found the motion and camera movement to be most interesting in this animation.  

 I found the images and the information being given to me to be the most engaging. 

 I really liked the animation but personally I think what helps me when I'm looking at an animation is 

when the important components of the animation are labeled throughout the audio so that it is easier to 

follow along and know what to focus on.  

 

What new information, if any, did the animation provide for you? 

 I learned a general overview of the lung ESL that I had never learned before. – Several respondents (n = 

5) 

 I learned more about endothelial permeability and the cadherins that were involved. Knew vaguely about 

NO before this but I think it helped cement the fact that NO contributes to permeability. 

 It gave an overview of the topic, and visualized the cell mechanics of how the ESL is clinically relevant. 

I didn't know much about the role of the glycocalyx in mechanotransduction, and the animation 

explained more of the physiology of respiration in terms of cell structures. 

 I've learned a lot about the glycocalyx and its role in inflammation and capillary pressure, although some 

of the details were a bit too fast for me or went over my head. 

 The function of the glycocalyx  

 That Lung ESL is a complex subject.  

 Information on how the ESL regulates the system.  

 The animation explained and refreshed my understanding of the glycocalyx and Endothelial surface 

layer.  

 It clarified my prior weak understanding of lung ESL of the units its measured in, the structures that it 

corresponds with and how pressure affects the way it functions. 

 I think the animation did a really good job in either reinforcing things I knew but only vaguely 

remembered, or introducing new information. Most of the information was still pretty new to me. 
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Novices 

What aspects of animation did you think were done well? 

 The animation has a consistent color scheme and there is cohesiveness to the style. The story itself was 

told in a way that was easy to follow. 

 I think the cell surface models were nice, and the didactic portions where it was 2D illustrations were 

done well. I liked the cadherin loosening part. 

 Camera movements and transition shots; things binding to other things. 

 The color composition, transitions, and pace of the animation were very smooth and natural. 

 I liked the movements of particles and individual proteins 

 I really liked the imagery of the glycocalyx and the 'gel' surrounding it -- it really showed the structure of 

the gel and allowed me to visualize it as being made of component parts. The color scheme was very 

beautiful, and the imagery of the vessel early on in the animation was striking. 

 Consistent use of colors and imagery  

 The models, and camera flow  

 The beginning was stronger than the middle and end 

 The opening capillary scene I created a nice internal landscape 

 The visuals were really nice along with the combination of 2d and 3d 

 I think overall the animation itself was all done very well. 

 The audio 

What aspects of the animation did you think were done poorly? 

 Loops in movement were very apparent. See previous responses. 

 The blood flow portion in the beginning (inside the vessel) was a little bit hard since it didn't look quite 

natural (the movement). The background and the foreground movement were not very cohesive so it was 

not as convincing.  

 

The 2D additions of the fluff on the endothelial cells during the leukocyte adhesion... I know what it's 

supposed to represent and I understand that it would've added immensely to render time but a fluffy 3D 

endothelial cell layer would've looked very very nice.  

 

I also think lightning could be improved at various points, especially since the lights all looked pretty 

white. 

 I wasn't a huge fan of the color pallet and felt that the composition of some scenes could be more 

aesthetically pleasing. I think there were a lot of color choices that could be solidified/ consolidated to 

create more visual interest and cohesiveness.  

 There was one moment when three types of glycocalyces (?) were described in the narration as they 

glowed in succession - it was difficult to visually distinguish these from their neighbors while this was 

happening. 

 Just some material and rendering issues mentioned earlier. 

 The compositions during some of the key frames/shots could have been more focused on the subject of 

interest. 

 There were a couple of spots where the lighting was strange -- for example, the white blood cell towards 

the end had very dark black shadows that didn't fit in well with the surroundings. It was also quite fast, 

and it presented a lot of information too quickly for me to absorb it; because there were no labels, I had 

some trouble picking up names and definitions. 

 Some of the use of still images were a bit jarring and took my mind out of the animation  

 Materials and renders  

 The models towards the middle and end of the animation were too basic in structure and movement 

 Some of the movement did not feel entirely natural - was not as fluid as it could've been. Some tissue 

textures could be imp 
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Novices 

 There were moments where I wasn't sure what to look at or concentrate on and couldn't really 

distinguish between the key components in the scene. May help to have less graphs and just use that as 

supplementary material for the animation 

 Nothing was too bad aside from some images being overcrowded. 

 I don't think any of it seemed to be done poorly. I personally would have liked the pacing of the 

animation at some parts to be slightly slower, but I think overall, most people would not have trouble 

following along with the animation since it provides a lot of good information. 

Would you recommend or use this animation in the future? 

 Yes –[no further comments] (n=4) 

 Yes, I think it really does a nice job taking a complex topic and visually showing that topic. 

 Yep, if I needed to specifically go back to look at the mechanotransduction, I still don't understand that. 

 Yes, if this topic or something similar is something I run into 

 Only to a biologically educated audience. It was fast and the language and content was advanced. 

 Depends on the audience. Researchers definitely; undergrads probably not, due to overload of 

information. 

 I wouldn't need this animation for personal use, but would recommend to anyone learning the topic. 

 I would use this animation if I had to study this topic specifically, but I would probably need to watch it 

a few times to retain more of the information. 

 I would use this animation, but would have to watch it a couple of times to get a clear understanding  

 Probably not 

 N/A 

What are the weaknesses of the animation? 

 Imagery does not always match up with the narration. When new players are introduced at times, they 

are not shown. There is a little inconsistency with the representation of characters. For example, the 

glycocalyx appears beaded and branched at first, but is later represented as little white hairs.  

 I think sometimes it can be hard to figure out what you're supposed to look at sometimes since the 

materials on the models are all kind of shiny and similar, especially in the scene where you are panning 

across the surface of the endothelial cell. I also noticed some of the animation loops jumped a bit 

awkwardly as the loop ends and resets back to the beginning with the waving glycans. 

I think also that the topic is a bit complicated so it was sometimes hard to focus on what the narrator was 

saying while also trying to interpret a graph about a topic that I didn't know much about.  

 It is long; although the animation did a nice job at detailing the essentials of understanding ESL, it is 

lengthy, which could potentially fail to capture the viewers’ interest for the entire time. I did think that it 

addressed and explained major concepts. It provides the viewer with a lot of information, makes me feel 

like this would be a good reference for a researcher new to ESL. 

 A little more visual context for some of the molecular information might have been helpful for audiences 

with little background in the endothelial layer of the lung. 

 There were some rendering issues, which led to a few sloppy scenes.  Some of the errors became 

distracting.  The animation was good but could definitely use some cleaning and tightening up. 

 The audio was a lot of dense information at once, I struggled to make overall associations within the 

material 

 I felt that cardiovascular health could have been emphasized more, as I spent most of the animation 

feeling that it was predominantly about the lungs and was surprised by the mention of cardiovascular 

health at the end. Additionally, several segments of the animation involved large fields of visually 

similar objects, so I did not feel that there were points at these times that I would be likely to focus on 

(and be recorded focusing on by the eye tracker). 

 The amount of material was difficult to follow 

I didn't know the names of the shapes being animated, perhaps some amount of labels or highlight on 

audio would have been helpful in addressing this  
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Novices 

 I wish the some of the structures and proteins were more distinguished, such as using more contrasting 

colors or labels. The animation went slightly fast, so I was more focused on the scene changes the audio 

itself. 

 The animation is sometimes too busy so it becomes hard for me to know where/what I should be 

focusing on.  

 I had some disconnect between the images and the narrative at times. Pacing made it difficult to follow. 

Perhaps pausing motion and adding text in some places could’ve helped clarity. 

 There were points in the animation where I was uncertain where to look and had stopped paying 

attention to audio so it took me a few seconds to understand what was happening. 

 I feel that certain things were overly animated making the animation a bit crowded or even rushed 

looking. 

 I think labeling all important components of the animation more often would be really helpful, especially 

for people who have trouble recognizing biological components like what a blood vessel looks like or 

what a neutrophil is in an image. Also, for when the graph was being drawn as the audio was speaking, I 

think it was a little distracting to try to pay attention to both and still having enough time to process the 

graph; I think that maybe if the graph was displayed for an extra second or so, that would really help me 

personally. 

 

What suggestions do you have to improve this animation? 

 Lengthen the time given to read the graphs. Or introduce parts of the graph individually so that the 

audience does not have to stop paying attention to the narration to read the x and y axis etc.  

 If you had all the time in the world, I think some of the materials could be made to be more 

distinguished than the others so there is more contrast. Also some of the animations could be smoothed 

out so it's not as jumpy. 

 More contrast for portions of the animation where structures are highlighted, or important for the viewer 

to understand. On the flip side, there were areas of the animation that had too much contrast, and looked 

a blown out. I think adding contrast in saturation would have definitely helped highlight important 

structures. Labeling the x-rays at the end would have helped me to better understand the significance of 

the visuals. 

 Perhaps rework some of the materials and re-render to ensure that there are no issues.  Also, some of the 

audio that overlapped key visuals ended up being competitive. 

 Use color to make stronger associations between common elements and to add some contrast in the 

scene to the eye is directed more strongly 

 The inclusion of labels would be very useful in retaining information about which actors were which. 

Additionally, some things (such as the white blood cells) seemed to be rendered differently at different 

points, and this caused me to feel slightly confused about which objects were which. 

 I am interested in the context, meaning how does this information connect to an individual, what 

conditions are associated with it, what treatments?  

 Adding labels or more contrasting colors. Maybe have the camera focus on certain parts that are being 

talked about.  

 I think if there were more labels on the screen and interactions between the models that go well with the 

timing and content of the audio, it could be more successful. 

 Could be more realistic in color and texture.  

 If there are some words or signs, it will be more helpful for me to follow the animation and understand 

it. 

 Better contrast in certain areas of the animation 

 For the chain structures, maybe make them move a little less. 

 I think labeling all important components of the animation more often would be really helpful, especially 

for people who have trouble recognizing biological components like what a blood vessel looks like or 

what a neutrophil is in an image. Also, for when the graph was being drawn as the audio was speaking, I 
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Novices 

think it was a little distracting to try to pay attention to both and still having enough time to process the 

graph; I think that maybe if the graph was displayed for an extra second or so, that would really help me 

personally. 

 

Would you recommend this animation to your colleagues if they were looking for an introduction to the Lung 

ESL? 

 Yes – 100% of responses 

 

TABLE VIII.  

SURVEY RESULTS ON USEFULNESS OF ANIMATION HELPING TO UNDERSTAND THE MATERIAL 

How useful were the animations in helping you understand 

the material? 

Researchers (n= 5) Novices (n= 15) 

Extremely useful 20% 6.7% 

Very Useful 60% 13.3% 

Moderately Useful 20% 66.7% 

Slightly Useful  13.3% 

Not Useful at all   
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TABLE IX.  

SURVEY RESULTS. PACE OF THE ANIMATION 

Qualify the pace of the animation: Researchers (n= 5) Novices (n= 15) 

Extremely Fast   

Very Fast   

Moderately Fast 40% 40% 

Slightly Fast 40% 20% 

Average 20% 33.3% 

Slightly slow   

Moderately slow  6.7% 

Extremely slow   
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TABLE X. 

 SURVEY RESULTS. ORGANIZATION OF THE ANIMATION. 

Was the content well organized? Researchers (n= 5) Novices (n= 15) 

Strongly agree 100% 20% 

Somewhat agree  73.3% 

Somewhat disagree  6.7% 

 

 

 

 

 

 Research Question 2. Does a difference exist between experts and novices in terms of the areas of interest (AOIs) they 

fixate on when viewing an animation on the lung endothelial surface layer? 

Overall, researchers and novices showed the same average fixation trend, with camera motion, cued 

motion, and cued contrast having the highest average fixation AOIs (Fig 37, Table XIV, Appendix S,  p.145).  

Differences in fixation between novices and experts existed and were more discernable in areas of the animation 

where the camera was relatively still and the representations or concepts were very familiar to the researchers. The 

fixations results mostly aligned with the results found by VanPlasen (2008), but were complicated by the results 

found through Cued Retrospective Reporting, which revealed that researchers had trend of scanning scenes until 

habituated to the visuals of the scene, and then switched to focusing primarily on whichever modality (audio or the 

animated visuals) they expected to gain new information from.  This trend is visible in the fixations data as the 

researchers focusing on spot.  This trend appears most when the representations are similar to depictions that they 

observe in the literature on in the laboratory e.g. schematics, graphs, vitals recording.  
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1. Areas Of Interest Fixations 

 

Overall, the average fixation pattern of researchers and novices were similar.  

 

Figure 36 .  Bar chart of Average Fixations per AOI 
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2. Differences in Average Fixations 

 

Figure 37. A novice's AOI fixations during the scene "ESL shed".  The boxes are the hypothesized AOIs.  The 

orange circles are the fixation points.  The fixations are automatically assigned new colors for each  participant. 

 

 

Figure 38. An expert participant’s AOI fixations during Scene "ESL Shed".  Fixations are in red.  
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Experts had more average fixations in scientifically semantically meaningful AOI ID 68 shed 2, which novices had 

no average fixations. Novices had more average fixations in the area of cued motion AOI ID 49 shed 1. 

 

 

TABLE XI. 

 AVERAGE FIXATIONS OF EXPERTS AND NOVICES IN THE SCENE “ESL SHED” 

Scene 

AOI 

ID 

AOI Name Experts Novices Category 

ESL Shed 49 ESL - shed 1 9.8 13.786 

Cuing Motion and Cuing 

contrast 

 68 ESL shed 2 15 0 Semantic science 

 71 ESL shed 5 1.67 2.25 

Cueing Contrast and 

Semantic Science 

 70 ESL shed 4 2 3.077 

Cueing Contrast and 

Semantic Science 
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Figure 39.  An expert's fixation pattern during the scene "Ve-cadherin" 

 

 

Figure 40. A novice's fixation pattern during the scene "Ve-cadherin". 
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Experts and novices highest fixations were in AOI ID 46 AOI Ve-cadherin 1, which was highly cued for attention 

via motion and contrast and was categorized as important to understanding the scientific meaning (Semantic 

Science). Novices had more fixations in the areas deemed to be of high interest to the BVIS students because of the 

visuals’ characteristics (categorized as Semantic BVIS Visual) AOIs ID 82 Ve-cadherin 2 and ID 83 AOI 83.  

TABLE XII.  

AVERAGE FIXATIONS OF EXPERTS AND NOVICES IN THE SCENE “VE-CADHERIN”. 

Scene 

AOI 

ID 

AOI Name Experts Novices Category 

Ve-

cadherin 

46 Ve-cadherin 1 22.8 22.063 

Cueing Motion and 

Semantic Science 

Cueing Contrast and 

Semantic Science 

 82 Ve cadherin 2 1.5 2.455 

Semantic BVIS Visual 

and Semantic Science 
  

 83 AOI 83 0 2.667 

Semantic BVIS Visual 

and Semantic Science 
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3. Cued-Retrospective Reporting 

.  A summary of key findings. 

TABLE XIII.  

SUMMARY OF RESEARCHERS AND NOVICES’ CUED RETROSPECTIVE REPORTING 

 IN REGARDS TO AVERAGE FIXATIONS 

Researchers 

 In scenes with familiar representations such as VE-cadherin schematics, graphs, or 

vitals footage, researchers often switched to whichever modality expected new 

information to come from.   For some researchers this was audio, while other 

researchers focused on the animated visuals. 

 For graphs that looked familiar, were able to anticipate what would be shown. 

 Inspected the endothelial cells. 

 Inspected the subglycocalyx area. 

 Some scanned the scene and then focused on the audio once they had familiarized 

themselves with the scene. 

 Was able to generally process animation and audio at the same time, but sometimes 

found it easier to process the audio when the animation onscreen was relatively still.   

Novices 

 Focused on materials, processes of animation, and scientific depictions that were 

relevant to their work as biomedical visualization artists.  

 Focused on how the animation was created. 

 Focused on audio when cognitive load was high.  Found it harder to process audio 

and animation simultaneously when not tightly synched, and expressed desire for 

cuing.  

 

 Alignment with past results of differences in fixation patterns between experts and novices 

 For both groups, camera motion, cued motion, and cued contrast were the biggest predictors of where the 

highest average fixations would occur.   

 Results support those of VandenPlas (2008), in that novices were more likely to fixate on attractive areas 

that were categorized as Cuing Motion or Cuing Contrast that were less important to the science semantics.   
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Figure 41.  AOI average fixations by category.   
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 Differences from past results in fixations patterns between experts and novices 

 

The expert results differed from VandenPlas (2008) in that experts sometimes viewed more individual 

AOIs than novices, but not all of the time.  The Cued-Retrospective reporting shows that sometimes experts focused 

on audio instead of the animation, in anticipation of new information.  

 

 

Expert 1. Focused on 

audio. 

 

Expert 2.  Focused on 

animation.  

 

Figure 42.  Examples of differences in experts’ fixation patterns during a familiar representation.  From cued 

retrospective reporting and eye-tracking, it appears that experts switched from listening to both the audio as they 

watched the animation to favoring the audio or the animated visuals, where they expected to gain new information. 
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V. DISCUSSION 

 Brief review of major points 

A 3D animation of the lung endothelial surface layer did not exist prior to this research project.  An 

animation of the endothelial surface layer’s structure and its disintegration during inflammation may aid researchers 

in engaging interest in the lung ESL and improve clinical understanding of its role in trauma.  In the past, the 

emerging state of the research field and the challenges of visualizing the ESL structure had prevented molecular 

animation of the ESL at the lungs.  New 3D animation production methods make accurate and dynamic 

representation of the ESL’s molecular structure, physiology, and pathology possible.  

Research through eye-tracking methods in 3D biomedical animations has shown 3D molecular animations 

are perceived differently depending on prior knowledge (Mayer, 2010).  This study tested the hypothesis that 

viewing a 3D animation of the lung endothelial surface layer would generate greater understanding of and interest in 

the lung ESL in lung trauma researchers.  This study also hypothesized that the prior knowledge effect (prior 

knowledge level of the lung ESL) would influence how viewers perceive and understand the animation, based on 

their fixation count and patterns.  To test these two hypotheses, this study recruited lung trauma researchers from the 

University of Illinois Medical College and Biomedical Visualization graduate students from the University of 

Illinois to view the animation.  This study measured perception, engagement, interest and learning outcomes 

between group participants through three methods: eye-tracking to compare differences in fixation number in areas 

of interest; comparing cued-retrospective recordings, where viewers describe what they were thinking while 

watching a playback of their recorded eye-movements, and through surveys.   

 The eye-tracking results, cued-retrospective recordings, and surveys between experts and novices showed 

a clear influence of expertise on perception and understanding of the animation of the lung ESL.  Namely, level of 

engagement was roughly proportional to expertise level.  Secondly, that researchers paid special attention to 

endothelial cells or “the barrier representation”, whether the bending of glycocalyx appeared to be resulting from 

cardiac flow, the subglycocalyx areas, the size of neutrophils, the path of plasma proteins through the ESL and past 

endothelial cells, “clinical care footage”, and chest x-rays.  Lastly, eye-tracking and cued retrospective reporting 

revealed a trend of researchers to switch to one modality (audio or visual) to seek information when shown 

representations that they were familiar with from the literature.  These results demonstrate how important designing 
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for a target audience is in order to maximize multimedia’s potential to fully engage and generate interest, as prior 

expertise greatly influences how an audience perceives and understands biomedical animations.   

 

 Possible validity issues 

The number of participants was relatively small due to the number of available researchers and graduate 

students on the UIC campus.  The small sample size may have affected data analysis.  The knowledge gains might 

have been artificially inflated by the pre-test which may have primed participants on which information to pay 

attention to while watching the animation.  

 Possible ethical issues 

Participants were enrolled anonymously and had the ability to end their participation in the study at any 

time.  An IRB exemption was obtained in order to proceed with the testing and to prevent possible ethical issues. 

 Discussion of results 

1. Research Question 1: Will a 3D animation generate interest in the lung endothelial surface 

layer and its role in inflammatory processes? 

The anticipated results of the animation were an increased interest in the lung ESL through an engaging and 

accurate visual, making it easier for ESL lung researchers to generate interest in the topic.  The survey results 

showed that after viewing the animation, all viewers perceived the animation as “engaging” to varying degrees, with 

the experts more likely to perceive it as “extremely engaging” or “very engaging” and non-experts to perceive it as 

as “moderately engaging” on average (Table III).  The perceived engagement level of the animation appears to be 

proportional to expertise level in the lung ESL.  This is corroborated by the survey results from the novices, where 

“suggestions” to improve the animation focused on adding cuing elements to make the animation easier to 

understand (Table VI).  These results support the importance of designing carefully for target audiences, as each 

audience will perceive visuals differently based on their prior experiences and ability to process the information 

without extraneous cognitive load. 
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a. Knowledge gain as a proxy for engagement and average fixations 

Almost all viewers showed an increase in knowledge gain about the Lung ESL based on the pre-test and 

post-test survey results, regardless of expertise level (Fig. 35).  Eye-tracking of the animation at scenes where 

novices needed to focus and be engaged showed that novices were fixating on science semantically important AOIs, 

which supports the idea that the knowledge gain shown by the surveys are a result of being engaged in the animation 

(Table XI).  This knowledge gain may be a proxy for engagement in the novice audience.   

The knowledge gain shown in both groups strongly suggests that the animation is an effective instructional 

tool as an introduction to the topic of the Lung ESL.  However, its effectiveness should be further evaluated as the 

pre-test and post-test structure may have artificially inflated the increase in knowledge with the pre-test acting as a 

priming device to guide viewers on which facts they should pay attention to while watching the animation.  

 

2. Research Question 2: Does a difference exist between experts and novices in terms of the 

areas of interest (AOIs) they fixate on when viewing an animation on the lung endothelial 

surface layer? 

 

Based on past studies, experts were expected to identify more scientifically relevant areas of interest in the 

animation and to spend a longer time fixating on them than viewers with low lung ESL knowledge (de Koning et al., 

2010; Mayer, 2010; VandenPlas, 2008).  The students were expected to be more likely to focus on visually high 

contrast areas that may not be as scientifically relevant.  These results partially aligned with past results.  Overall, 

both researchers and non-experts described the motion of the camera, the motion within the scene, and contrast as 

being the most decisive factors of where they looked in the camera, in that order respectively.  These results were 

supported by the eye-tracking data, which showed that highest number of fixations occurring at AOIs that cued for 

motion and contrast  (Table XIV, Appendix S,  p.145).  The results from the novices’ cued retrospective recordings, 

surveys, and eye-tracking data showed they focused on areas of contrast and motion, rather than areas of scientific 

information.  One element of nuance to the eye-tracking data (reflected in the category Semantic BVIS Visuals) is 

that the novice population as Biomedical Visualization graduate students has special interest in how biological 

elements are depicted and animated and were expected to more likely to pay attention to how things were animated 

or how textures appeared.  
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While camera motion, motion, and contrast were determined to be effective techniques to guide attention 

regardless of expertise level; tracking gaze of researchers and students when watching the biomedical animation 

showed several differences in fixation count on AOIs.  Differences were more apparent in scenes with less camera 

motion, cued motion, and cued contrast.  Eye-tracking showed differences between experts and novices in fixation, 

while cued retrospective recordings was key to understanding the reasons behind the differences.  The different 

trends were that Lung ESL researchers fixated closely on endothelial cells or “the barrier representation”, if the 

bending of glycocalyx appeared to be resulting from cardiac flow, the subglycocalyx areas, the size of neutrophils, 

the path of plasma proteins through the ESL and past endothelial cells, “clinical care footage”, and chest x-rays.   

Eye-tracking and cued retrospective reporting revealed a surprising trend of researchers favoring one 

modality (audio or visual) for new information when presented with representations similar to those found in the 

literature.  In scenes where the visuals appeared more schematic and similar to the figures used in the scientific 

literature, such as the schematic of VE-cadherins (Fig. 19, p. 25), graphs, and histology sections (Fig. 18, p. 24), 

lung ESL researchers would scan the image quickly and then switch to whichever modality the assumed would 

deliver new information. Some researchers focused less on the animation of scenes and more on the audio, in 

anticipation of learning new information from the audio as they could predict what would happen in the animation.  

Other researchers had read about loss of VE-cadherin and had it explained to them, but had never seen it animated, 

as this is the first animation of the process, so they focused more on the animation than the audio (Fig. 43, p 64). 

Cued retrospective reporting clarified that this switch to audio was not due to extraneous cognitive load.  

These switches in modality to audio by experts or to animation, occurred in (1) the alveolar histology sections, (2) 

Ve-cadherin representations, and (3) graphs of permeability versus capillary pressure and mechanotransduction.  

Researchers reported being highly familiar with the representations in these scenes that they were able to predict 

what would happen in the animation, as in scene (1) alveolar histology sections “looked just like a sectioned alveolar 

SEM” which they commonly worked with, they were very familiar with the representations of the VE-cadherin 

schematics, and that the graph “[sic] looked very similar to a graph in a Tarbell paper”, a leading researcher on the 

Lung ESL.   

It appears that when designing animations on the Lung ESL, particular care for accuracy should be taken 

with creating realistic scale, characteristics and colors of endothelial cells, subglycocalyx areas, neutrophil size, 
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plasma proteins trajectories through and past endothelial cells, “clinical care footage”, and chest x-rays as these will 

be especially scrutinized for information.  Additionally, it seems that when greater attention to the audio by the 

viewer is desired by the animation creator, then modeling the visuals in a representation commonly found in the 

literature and that the audience could be used to reduce cognitive load. 

In summary, eye-tracking of experts’ search patterns of the lung ESL structure while viewing an animation, 

with cued retrospective recording, and a pre-test and post-test survey to test knowledge gain and attain qualitative 

feedback were very valuable in analyzing how researchers perceptually process and understand a biomedical 

animation on the Lung ESL created by a Biomedical Visualization graduate student.  This study extends what is 

known of how researchers’ fixation patterns differ from novices when presented with animated biomedical content 

and contributes to “the evidence base on how people learn and think with graphics” (Mayer, 2010).  

 Implications for Research 

The completed biomedical animation of the endothelial surface layer’s structure and its disintegration 

during inflammation may aid researchers in engaging interest in the ESL and may improve clinical understanding of 

its role in trauma.  Additionally, as a biomedical animation of an emerging research area, the results from this 

research project’s pre-test and post-test surveys have contributed to the knowledge of “how well” biomedical 

animations convey knowledge and engage interest in populations with different levels of prior knowledge.  

The unique contributions of eye-tracking, coupled with cued retrospective reporting and surveys were 

extremely informative in helping the investigator determine consistent areas that were effective and not effective in 

guiding attention to AOIs in the animation.  This review process has tremendous potential for becoming an 

instrument for biomedical animators to evaluate the aesthetics, content, and construction of their biomedical 

animations with diverse audiences.   

Further analysis with this research methodology would be beneficial in two areas.  Firstly, this type of 

study would make adapting animations from expert audiences to novice audiences more targeted, as feedback could 

be used to optimally design future biomedical animations for novice audiences as areas where cognitive load is 

reached , as defined by inability to absorb the audio’s information and the animation’s information, could be 

consistently determined.  Results that show areas where novices fail to identify or misidentify scientifically relevant 

AOIs, which are identified as critically important by experts would be key areas to add spotlight-cues and other 
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signaling principles, which have been shown by eye-tracking to effectively guide viewers to identify the correct 

AOIs (Mayer, 2010). 

The second area is in refining how expertise influences perception, understanding of, and engagement with 

the animation.  Research expertise was highly heterogeneous within our sample, with some researchers having 

extensive experience with endothelial cell permeability, while others had more experience alveolar histology, and 

one had no research in endothelial cells, but had a Ph.D. in epithelial cell junctions.  Since the aim of this animation 

was to generate interest in an emerging research topic amongst researchers, a study on how this animation is 

perceived by experts in parallel or related research fields, like the subject who had no research experience with 

endothelial cells, but had a doctorate in epithelial cell junctions, would be beneficial to future dissemination of the 

animation. 
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APPENDICES 

Appendix A: Script 

The cardiovascular system sustains life by delivering oxygen and metabolic substrates to all the cells in the 

body; by removing end products of metabolism; and carrying our internal defense system  – the leukocytes –  always 

on the look out for pathogens to be destroyed. The cardiovascular system also carries platelets and clotting factors 

that are ready to react to any type of injury. 

 

The endothelium has developed specialized homeostatic processes that regulate the movement of water and 

metabolic substrates into and out of the vessel. In the lungs, alterations of endothelial permeability result in 

increased amounts of fluid accumulating in the interstitial space.  This fluid impedes the normal exchange of 

respiratory gases and, in severe cases, results in respiratory failure.  The normally anti-thrombotic endothelial 

surface, is covered by the glycocalyx, a filamentous layer, one micron to five-hundred nanometers in height.  The 

glycocalyx is composed of proteoglycans and primarily, their long disaccharide chains, known as 

glycosaminoglycans, that form the protective layer on the cell surface.  Functional components of the glycocalyx 

include heparan sulfate proteoglycans, chondroitin sulfate proteoglycans and hyaluronan. 

 

 The glycocalyx is a negatively charged layer that binds serum proteins.  It is believed serum proteins fill the inter-

fiber space, creating a gel-like layer on the endothelial surface.  The glycocalyx and absorbed serum proteins have 

been termed the Endothelial Surface Layer or ESL.  This ESL provides a formidable barrier to the penetration of 

water and serum proteins escaping from the vascular lumen, and therefor plays an important role in permeability. 

 

A specific functional attribute of the glycocalyx is its participation in mechanotransduction. These filamentous 

projections can sense changes in blood flow and pressure, regulating signaling in endothelial cells and underlying 

smooth muscle cells to control vascular tone.  

 



 

Michaels Research Project 2017   

72 

One of these signaling molecules is a gas called nitric oxide, which is produced by endothelial cells in response to a 

variety of stimuli. Increases in flow and pressure stimulate nitric oxide production through a heparan sulfate 

proteoglycan-dependent mechanism and the nitric oxide contributes to increased permeability.  

Inside the endothelial cell, nitric oxide is a reactive compound and rapidly reacts with cellular proteins and can alter 

their function.  

 

Nitric oxide nitrosylates many proteins including VE-cadherin, a protein important in creating the cell junction. 

Nitrosylation of VE-cadherin is a signal for cadherin to be removed from the junction and targeted for degradation. 

The loss of VE-cadherin is associated with increased permeability and allows fluid to leak through the cell junction. 

 

Pressure-dependent changes in endothelial permeability add a new level of complexity to our understanding of fluid 

balance across the vessel wall. The realization that pressure can alter endothelial permeability through a process of 

mechanotransduction creates new paradigms to understand the etiology of pulmonary edema during acute heart 

failure, fluid overload and other states where pulmonary vascular pressures are acutely elevated.  

 

During acute inflammation, cytokines and other inflammatory mediators cause the glycocalyx to be shed. It appears 

that cytokines activate proteases that cleave the core protein and result in fragments of the proteoglycans being shed 

into the blood.  

 

The breakdown of the glycocalyx has important physiological implications.  Adhesion proteins, that support the 

binding of white blood cells and platelets, are exposed allowing these two cells to bind to the endothelium. This 

binding triggers the release of additional inflammatory and pro-coagulant mediators that propagate the inflammatory 

reaction. 

 

Developing a greater understanding about the glycocalyx and how it regulates cardiovascular physiology may 

identify new targets for therapeutic interventions. 

  



 

Michaels Research Project 2017   

73 

 

Appendix B: Scale of all the Items 
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Appendix C :Storyboard 
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Appendix D: Scene Shot and How to Build Things Spreadsheets 
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Appendix E: List of Scenes 
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Appendix F: List of Items in environments 
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Appendix G: Color Schemes 

 

    

  



 

Michaels Research Project 2017   

101 

 

Appendix H: Mail and Email Script for Recruitment  

This letter was mailed to the work mailboxes and UIC emails of two pools of eligible participants:  the researchers 

in anesthesiology and lung trauma laboratories at the University of Illinois Medical College and Biomedical 

Visualization Graduate Students. 

The potential participants will received this letter that  explained the research and who to contact for more 

information.  

 

Hello, 

 

As a lung physiology expert, anesthesiologist, or Biomedical Visualization graduate student your knowledge may 

shape how you watch biomedical animations.  An animation on the lung endothelial surface and its role in 

inflammation has been created to generate interest in an emerging research area with potential to treat trauma 

patients. You are being asked to participate in a study to assess the animation’s effectiveness in generating interest 

and how expertise affects perception.  

This unique research study will use Eye-tracking to analyze where you focus when watching a biomedical 

animation.  Eye-tracking studies on how people analyze images record where people look on screens through 

reflected light. Very few studies have used eye-tracking to study biomedical animations.    

 

If you are interested in viewing this animation and/or participating in this study, please contact the investigator a, 

Chinami Michaels, a Biomedical Visualization Graduate Student for more information. 

 

Investigator: Chinami Michaels, cmicha9@uic.edu, 617-460-1452 

 

 

 

 

  

mailto:cmicha9@uic.edu
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Appendix I: Informed Consent 

University of Illinois at Chicago 
Research Information and Consent for Participation in Biomedical Research 

Influence of Expertise on Perception and Understanding on Viewing a Molecular Animation of the Lung 

Endothelial Surface Layer and its Role in Inflammation 
 

 
 

You are being asked to participate in a research study.  Researchers are required to provide a consent form such as 

this one to tell you about the research, to explain that taking part is voluntary, to describe the risks and benefits of 

participation, and to help you to make an informed decision.  You should feel free to ask the researchers any 

questions you may have. 

 

Principal Investigator Name and Title: Chinami Michaels B.S., B.F.A., Graduate Student  

Department and Institution: Department of Biomedical and Health Information Sciences, 

Biomedical Visualization Graduate Program 

Institution: University of Illinois at Chicago 

 

Address and Contact Information: 1919 W Taylor Street, Room 250, Chicago Illinois, 60612 

Emergency Contact Name and Information: Chinami Michaels 

Telephone Number: 1-617-460-1452 

E-mail address: cmicha9@uic.edu 

Faculty Sponsor: Christine Young, M.A., CMI, 847-612-1238 

 

 

Why am I being asked?     

 

You are being asked to be a subject in a research study about the effectiveness of a biomedical animation in 

generating interest in a specialized research topic.  This animation will explain the lung endothelial surface and its 

role in inflammation. Biomedical animations may better generate interest in specialized research topics by 

understanding how an individual’s knowledge level of the topic affects perception and understanding of biomedical 

animations. 

 

You have been asked to participate in the research because you are a lung physiology expert, a researcher, or 

anesthesiologist, or a Biomedical Visualization graduate student and your knowledge of the lung endothelial surface 

layer may shape how you watch this molecular animation. 

 

Your participation in this research is voluntary.  Your decision whether or not to participate will not affect your 

current or future dealings with the University of Illinois at Chicago.  If you decide to participate, you are free to 

withdraw at any time without affecting that relationship.  

 

Approximately 20 subjects may be involved in this research at UIC.  

 

What is the purpose of this research?    

 

This study evaluates if a biomedical animation on a specialized research topic, the lung endothelial surface layer, 

successfully generates interest in and educates on this topic.  Additionally, this study tests if experts on this research 

topic and individuals unfamiliar with this research topic perceive and understand biomedical animations on this 

specific research topic differently.   

 

What procedures are involved?    

 

This research will be performed at  UIC in Room 244 , in the Biomedical Visualization department at 1919 W. 

Taylor St. OR at the Medical Sciences Building in Room E-710A at 835 South Wolcott Ave.,  

 

mailto:cmicha9@uic.edu
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Your participation in the study will consist of one interview that is expected to last 45 minutes. During the interview 

you will be asked to answer an anonymous survey to assess your knowledge of the lung endothelial surface layer. 

After completing the survey, you will be asked to watch the animation while an eye-tracking device is used to record 

your focus during.  Eye-tracking is a harmless way to record where you are looking on a screen.  A sensor collects 

reflected light and calculates your eye-movement and focus location. After watching the animation, you will be 

asked to comment out-loud on the animation and your eye-tracking records.  Your eye-tracking will be recorded 

your audio comments will be audio-recorded.  You will be notified when the recording starts and stops.  After 

watching the animation you will be asked to complete a questionnaire to assess your satisfaction with the animation 

and comprehension.  Once the interview is over your participation in the study will be complete.  

 

 

What are the potential risks and discomforts? 

 

There may be risks from the study that are not known at this time.  To the best of our knowledge, the things you will 

be doing have no more risk of harm than you would experience in everyday life. 

 

Will I be told about new information that may affect my decision to participate?  

 

During the course of the study, you will be informed of any significant new research findings (either good or bad), 

such as changes in the risks or benefits resulting from participation in the research or new alternatives to 

participation, that might cause you to change your mind about continuing in the study.  If new information is 

provided to you, your consent to continue participating in this study may be re-obtained. 

 

 

Are there benefits to taking part in the research?   

 

You may not directly benefit from participation in the research.  

 

What other options are there? 

 

You have the option to not participate in this study.  

 

What about privacy and confidentiality? 

 

The people who will know that you are a research subject are members of the research team, and if appropriate, your 

physicians and nurses.  No information about you, or provided by you, during the research, will be disclosed to 

others without your written permission, except if necessary to protect your rights or welfare (for example, if you are 

injured and need emergency care or when the UIC Office for the Protection of Research Subjects monitors the 

research or consent process) or if required by law.  

 

Study information which identifies you and the consent form signed by you will be looked at and/or copied for 

examining the research by:  

 UIC Office for the Protection of Research Subjects 

 UIC Institutional Review Board 

 State of Illinois Auditors 

 

A possible risk of the research is that your participation in the research or information about you and your health 

might become known to individuals outside the research. 

 

A key on the computer will be the only link between participants and the collected data. The key will contain 

participant names and subject numbers. The key will be password protected and only accessible to the research 

team. The key will be destroyed once the study is complete and the final results have been analyzed. The maximum 

time this key will be available is 24 months from the time the study is complete. At the start of the audio-recorded 

interview, you will be identified by your subject number. Your name will not be used during the audio-recorded 

interview. After the interview the audio-recording will be transcribed and destroyed once the accuracy has been 

verified. 
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When the results of the research are published or discussed in conferences, no information will be included that 

would reveal your identity.    

 

What are the costs for participating in this research?    
 

There are no costs to you for participating in this research.  

 

Will I be reimbursed for any of my expenses or paid for my participation in this research? 

 

You will not be offered payment for being in this study.  

 

Can I withdraw or be removed from the study?  

 

If you decide to participate, you are free to withdraw your consent and discontinue participation at any time without 

affecting your future care at UIC.  You have the right to leave a study at any time without penalty. 

 

You have the right to leave a study at any time without penalty.  For your safety, however, you should consider the 

investigator’s advice about how to leave the study.  If you leave the study before the final planned study visit, the 

investigator may ask you to complete the final steps.   

 

If you decide to withdraw, you should notify the researcher graduate student, Chinami Michaels, by phone at 617-

460-1452 or by email at cmicha9@uic.edu. 

 

The researchers and sponsor also have the right to stop your participation in this study without your consent if: 

 They believe it is in your best interests; 

 You were to object to any future changes that may be made in the study plan; 

 If you do not complete the tasks in the time given; 

 The study is stopped early 

 

 

Who should I contact if I have questions?  
 

Contact the researcher, graduate student Chinami Michaels, at 617-460-1452 or email address cmicha9@uic.edu.  You 

can also contact the faculty sponsor, Christine Young, at 847-612-1238, or by email at cdy@uic.edu: 

 if you have any questions about this study or your part in it,   

 if you have questions, concerns or complaints about the research. 

 

What are my rights as a research subject? 

  

If you have questions about your rights as a research subject or concerns, complaints, or to offer input you may call 

the Office for the Protection of Research Subjects (OPRS) at 312-996-1711 or 1-866-789-6215 (toll-free) or e-mail 

OPRS at uicirb@uic.edu. 

 

What if I am a UIC student?   
You may choose not to participate or to stop your participation in this research at any time.  This will not affect your 

class standing or grades at UIC.  The investigator may also end your participation in the research.  If this happens, 

your class standing or grades will not be affected.  You will not be offered or receive any special consideration if 

you participate in this research. 

 

 

What if I am a UIC employee?    
Your participation in this research is in no way a part of your university duties, and your refusal to participate will 

not in any way affect your employment with the university, or the benefits, privileges, or opportunities associated 

mailto:cmicha9@uic.edu
mailto:uicirb@uic.edu
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with your employment at UIC.  You will not be offered or receive any special consideration if you participate in this 

research. 

 

Remember:      

 

Your participation in this research is voluntary.  Your decision whether or not to participate will not affect your 

current or future relations with the University.  If you decide to participate, you are free to withdraw at any time 

without affecting that relationship. 

 

Signature of Subject  
  

I have read (or someone has read to me) the above information.  I have been given an opportunity to ask questions 

and my questions have been answered to my satisfaction.  I agree to participate in this research.  I will be given a 

copy of this signed and dated form. 

 

 

           

Signature       Date 

 

      

Printed Name 

 

 

           

Signature of Person Obtaining Consent   Date (must be same as subject’s) 

 

 

      

Printed Name of Person Obtaining Consent 
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Appendix J: Study Summary & Information for Participants 

Influence of Expertise on Perception and Understanding on Viewing a Molecular Animation of the Lung 

endothelial surface layer and its Role in Inflammation 

 

Chinami Michaels, a graduate student at the University of Illinois at Chicago is conducting a research study to 

evaluate how knowledge level affects the perception of medical animations.  You are being asked to participate in 

this research because you have been identified as a researcher or clinical physician with high knowledge level 

related to the lung endothelial surface layer or as a UIC graduate student whose feedback would be valuable to this 

research. 

 

You will be asked to visit the study’s website to complete surveys before and after watching an educational 

animation about the lung endothelial surface layer.  The study should take approximately 30 minutes to complete 

and is completely anonymous.   

 

This study involves no foreseeable risks and is completely anonymous.  We ask that you try to answer all questions; 

however, if there are any items that make you uncomfortable or that you would prefer to skip, please leave the 

answer blank.  Your responses are anonymous. 

 

If you have any questions or concerns feel free to contact Chinami Michaels or her faculty advisor. 

 

Chinami Michaels | Graduate Student  Christine Young, MA, CMI | Advisor 

Dept. of Biomedical ad Health          Dept. of Biomedical and Health 

Information Sciences                  Information Sciences 

College of Applied Health Science                          College of Applied Health Sciences 

University of Illinois at Chicago     University of Illinois at Chicago 

Cmicha9@uic.edu               cdy@uic.edu 

Tel: 617-460-1563            Tel: 847-612-1238 

 

If you have questions about your rights as a research participant, you may contact the University of Illinois at 

Chicago’s Institutional Review Board (IRB), which is concerned with the protection of volunteers in research 

projects.  You may reach the board office by calling 1-866-789-6215  (toll free) or by emailing at uicirb@uic.edu. 

 

If you would prefer not to participate, you do not have to take any further action. 

 

If you consent to participate, please visit: ChinamiMichaels.com and click on the Research tab.  

 

  

mailto:Cmicha9@uic.edu
mailto:cdy@uic.edu
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Appendix K: Pre-Test Survey Pool of Questions 

Have you heard of the endothelial surface layer before? 

[ ] YES  [ ] NO 

If yes, please describe in what context: 

 

  

Q Some people see a number in the following dot pattern image. 

 
 

 Please answer what you see in the following dot pattern 

 5  

 2  

 I do not see a number  

  

 

Q  Please list the degrees you hold (with year received and field). 

 Most recent degree   ___________ , ___________ . 

 2nd most recent degree ___________ , ___________ . 

 3rd degree ___________ , ___________ .  

 4th degree ___________ , ___________ . 

 5th degree ___________ , ___________ . 

6th degree ___________ , ___________ . 

 

Q What is your highest level of biology education? 

 Some college  

 2 year degree  

 4 year degree  

 Graduate study 

 Professional degree  

 Doctorate  

 

Q Please rate your familiarity with the lung endothelial surface layer or ESL 

 Extremely knowledgeable  

 Very knowledgeable  

 Moderately knowledgeable  

 Slightly knowledgeable  

 Not knowledgeable at all  
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Q VE-cadherin, ___________ . 

 is a protein important in maintaining the cell-junction  

 is a signaling protein  

 is never nitrosylated  

 I'm not sure  

 

Q The glycocalyx is composed of ___________ . 

 nitric oxide  

 proteoglycans  

 VE-cadherins  

 

Q Endothelial cells ___________ . 

 regulate vascular permeability ( the flow of items into and out of the blood vessel) (1 

 do not contribute to homeostasis mechanisms  

 none of the above is true   

 

Q In the lungs, altering endothelial permeability can result in ___________ . 

 fluid accumulating in the interstitial space and impeding the normal exchange of respiratory gases,  

 increased respiration rates   

  

 

Q The glycocalyx is a ___________ . 

 filamentous layer   

 fibrous layer   

 flexible layer   

 

Q The glycocalyx is composed of ___________ . 

 proteoglycans and long saccharide chains   

 nitric-oxide and VE-cadherin   

 Plasma proteins   

 

Q The glycocalyx ___________ . 

 forms a protective layer on the cell surface   

 forms catalytic layer on the cell surface   

 forms a protective layer on the leukocyte surface   

 

Q What binds serum proteins? 

 The glycocalyx   

 VE-cadherin   

 nitric oxide   

 

Q The endothelial surface layer is composed of  ___________ . 

 The glycocalyx and a layer of absorbed serum proteins   

 the glycocalyx   

 the absorbed serum proteins   

 I don't know   

 

Q The endothelial surface layer functions to ___________ . 

 provide a barrier to the penetration of water and serum proteins from escaping the vascular lumen   

 prevent the adherence of immune cells   

 both of the above   

 none of the above   
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Q How does the glycocalyx affect vascular permeability? 

 mechanotransduction   

 leukocyte binding   

 I'm not sure   

 

Q Mechanotransduction of the glycocalyx senses ___________ . 

 increases in blood flow and pressure   

 decreases in blood flow and pressure   

 

Q An important signaling molecule in endothelial cells is nitric oxide.  When it reacts at  ________ it causes 

___________ . 

 the cell junction, VE -cadherins to be removed and the cell junction to widen   

 the endothelial surface layer, proteoglycans to be upregulated   

  

 

Q The removal of VE-cadherin allows   ________________________________. 

 fluid to leak through the cell junction   

 the cell-junction to become a more efficient barrier   

  

 

Q Nitric oxide production is stimulated in endothelial cells by  ___________ . 

 increases in blood flow and pressure   

 decreases in blood flow and pressure   

  

 

Q Pressure can alter endothelial permeability through a process of mechanotransduction. 

 True   

 I don't know   

 False   

 

Q Understanding how pressure can alter endothelial permeability through mechanotransduction can affect how we 

understand  ___________ . 

 states where pulmonary vascular pressures are acutely elevated   

 states where pulmonary vascular pressures are acutely depressed   

 

Q Nitric oxide nitrosylates a key protein, the VE-cadherin, in the ___________ . 

 cell-junction   

 nucleus 

  

 

Q During acute inflammation  ___________ . 

 the glycocalyx is shed into the blood   

 the glycocalyx is absorbed   

  

 

Q Physiological implications of the glycocalyx breakdown  ___________ . 

 allow white blood cells to bind to adhesion proteins on the endothelium, triggering the release of additional 

inflammatory and procoagulant mediators   

 propagate inflammation   

 prolong the immune response   

 all of the above   

 none of the above   
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Q Developing a greater understanding of the glycocalyx and how it regulates cardiovascular physiology is important 

because  ___________ . 

 it may identify new targets for therapeutic interventions   

 it may identify new oncogenes   

   

 

Q The  lung endothelial glycocalyx can be described as  ___________ . 

 is 1 micron   

 500 nms   

 1 micron to 500 nms   

 it varies with measurement technique   

 I don't know   
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Appendix K1: Simplified Ishihara Color Blindness Test 

 

A simplified form of the Ishihara color blindness helps determine if the participant has red-green color blindness, the 

most common form of color blindness.  If the participant sees a 5 revealed in the dot pattern, they have normal 

vision.   An individual with Red/Green color blindness will see a 2 revealed in the dots. 

 

What number do you see? 

5 

2 

I don’t see a number 

Fill in blank 
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Appendix L: Script during Test Administration 

Thank you for agreeing to participate in watching the animation. Today you will watch and animation and we will 

use eye-tracking to monitor and record where you watch during the animation.  Eye-tracking is a painless and 

harmless method that uses reflected light and sensors to determine where you are looking on a screen.  Please watch 

the animation.   

 

Thank you for watching the animation.  Now I will replay the animation, with the record of where you were paying 

attention overlaid on it.  This circle shows where you were looked and the numbers indicate what order you looked 

around the image.  The circle around an area is larger if you spent more time looking at that spot.   Please watch the 

animation again and describe what you were thinking as you looked at each area.  I will ask you some questions at 

certain frames on what areas caught your eye, what areas seemed confusing, what did you think about the aesthetics. 

 

Please take this post-survey. 

 

Thank you for participating.  Please contact me if you have any questions about this study. 
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Appendix M: Post-test Survey Pool of Questions 

 

Q I found this animation to be ___________ . 

 Extremely interesting   

 Very interesting   

 Moderately interesting   

 Slightly interesting   

 Not interesting at all   

 

Q Please describe what you found most interesting about this animation 

 

Q How useful were the animations in helping you understand the glycocalyx and its role in inflammation?  

 Extremely useful   

 Very useful   

 Moderately useful   

 Slightly useful   

 Not at all useful   

 

Q Was the content well organized? 

 Strongly agree   

 Somewhat agree   

 Neither agree nor disagree   

 Somewhat disagree   

 Strongly disagree   

 

Q Qualify the pace of the animation 

 Extremely fast   

 Moderately fast   

 Slightly fast   

 Average   

 Slightly slow   

 Moderately slow   

 Extremely slow  

 

Q Did you find this animation to be interesting and engaging? 

 Strongly agree   

 Somewhat agree   

 Neither agree nor disagree   

 Somewhat disagree   

 Strongly disagree   

 

Q What are the weaknesses of the animation? 

 

Q What suggestions do you have to improve this animation? 

 

Q Would you recommend this animation to your colleagues? 

 Yes   

 No   

 

Q What new information, if any, did the animation provide for you? 
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Q What aspects of animation did you think were done well? 

 

Q What aspects of the animation did you think were done poorly? 

  

 

 

OR 

 

 Would you recommend or use this animation in the future? 

 How useful were the animation sin helping you understand the material? 

 Extremely useful 

 Very useful 

 Moderately useful 

 Slightly useful 

 Not at all useful 

 Please explain: 

 Type comments here 

 What are the weaknesses of this animation? 

 What suggestions do you have to improve this animation? 

 

 VE-cadherin,  ___________ . 

 is a protein important in maintaining the cell-junction   

 is a signaling protein   

 is never nitrosylated   

 I'm not sure   

 

 The glycocalyx is composed of ___________ . 

 nitric oxide   

 proteoglycans   

 VE-cadherins   

 

 Endothelial cells  ___________ . 

 regulate vascular permeability ( the flow of items into and out of the blood vessel)   

 do not contribute to homeostasis mechanisms   

 none of the above is true   

 

 In the lungs, altering endothelial permeability can result in  ___________ . 

 fluid accumulating in the interstitial space and impeding the normal exchange of respiratory gases,   

 increased respiration rates   

  

 

 The glycocalyx is a   ___________ . 

 filamentous layer   

 fibrous layer   

 flexible layer   

 

 The glycocalyx is composed of  ___________ . 

 proteoglycans and long saccharide chains   

 nitric-oxide and VE-cadherin   

 Plasma proteins   

 

 The glycocalyx  ___________ . 

 forms a protective layer on the cell surface   

 forms catalytic layer on the cell surface   
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 forms a protective layer on the leukocyte surface   

 

 What binds serum proteins? 

 The glycocalyx   

 VE-cadherin   

 nitric oxide   

 

The endothelial surface layer is composed of  ___________ . 

 The glycocalyx and a layer of absorbed serum proteins   

 the glycocalyx   

 the absorbed serum proteins   

 I don't know   

 

 The endothelial surface layer functions to ___________ . 

 provide a barrier to the penetration of water and serum proteins from escaping the vascular lumen   

 prevent the adherence of immune cells   

 both of the above   

 none of the above   

 

 How does the glycocalyx affect vascular permeability? 

 mechanotransduction   

 leukocyte binding   

 I'm not sure   

 

 Mechanotransduction of the glycocalyx senses  ___________ . 

 increases in blood flow and pressure   

 decreases in blood flow and pressure   

 

 An important signaling molecule in endothelial cells is nitric oxide.  When it reacts  

at ___________ it causes ___________ . 

 the cell junction, VE -cadherins to be removed and the cell junction to widen   

 the endothelial surface layer, proteoglycans to be upregulated   

  

 

 The removal of VE-cadherin allows ___________ . 

 fluid to leak through the cell junction   

 the cell-junction to become a more efficient barrier   

  

 

 Nitric oxide production is stimulated in endothelial cells by  ___________ . 

 increases in blood flow and pressure   

 decreases in blood flow and pressure   

  

 

 Pressure can alter endothelial permeability through a process of mechanotransduction. 

 True   

 I don't know   

 False   

 

 Understanding how pressure can alter endothelial permeability through mechanotransduction can affect how we 

understand  ___________ . 

 states where pulmonary vascular pressures are acutely elevated   

 states where pulmonary vascular pressures are acutely depressed   
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 Nitric oxide nitrosylates a key protein, the VE-cadherin, in the ___________ . 

 cell-junction   

  

 

 During acute inflammation 

 the glycocalyx is shed into the blood   

 the glycocalyx is absorbed   

  

 

 Physiological implications of the glycocalyx breakdown ... 

 allow white blood cells to bind to adhesion proteins on the endothelium, triggering the release of additional 

inflammatory and procoagulant mediators   

 propogate inflammation   

 prolong the immune response   

 all of the above   

 none of the above   

 

 Developing a greater understanding of the glycocalyx and how it regulates cardiovascular physiology is important 

because 

 it may identify new targets for therapeutic interventions   

 it may identify new oncogenes   

  

 

 The  lung endothelial glycocalyx can be described as 

 is 1 micron   

 500 nms   

 1 micron to 500 nms   

 it varies with measurement technique   

 I don’t know 
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Appendix N: Eye-tracking equipment set up 
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Appendix O: Photosensitive Epilepsy safety warning for eye-tracking 

As of June 21, 2017 Gazepoint representatives state that Gazepoint does not have the medical data on their device.  

However, they stated that since their device works similary to the the market leading eye-tracking company Tobii, 

which does have an epilepsy warning, then this safety guideline should be extrapolated to their device as well. 

Caution is advised.  

 

Dear Participant, 

 

Regarding your concerns about eye-tracking and epilepsy.  There does appear to be some risk.  I called the eye-

tracking device company I am using ( Gazepoint gp3 - http://www.gazept.com/).  They are a small company and 

they do not have medical data on whether their device has caused seizures in the past, but a company with a 

dominant share of the eye-tracking device market (Tobii) does have an epilepsy warning on their safety guidelines 

page ( see bottom of the email).  Since the eye-tracking device I am using works similarly to the Tobii eye-tracking 

device, they felt the same warning applies. 

 

The facts: 

 Eye-tracking works by shining an infrared light towards the pupil and then records the reflection pattern of 

the infrared light in the cornea. https://www.tobiipro.com/learn-and-support/learn/eye-tracking-

essentials/how-do-tobii-eye-trackers-work/ 

 The room does not have to be dark for the eye-tracking, just not illuminated by sunlight because the 

infrared light in can interfere with the infrared light recordings . Fluorescent and halogen light sources are 

not an issue as the sensor is only picking up infrared light.https://imotions.com/blog/eye-tracking-work/ 

  The infrared light is not perceptible to human eye, but the Gazepoint representative confirmed that it is a 

flickering light ( it is being emitted and then turned off to record changes in eye-movement at a rate of 60 

Hz ) that is being pointed directly at the eye, even though you can not "see" the light.  ( Source: Gazepoint 

Analysis manual). 

 

Knowing the above, it seems that eye-tracking might be something you might not want to participate in if there 

is any possibility the experience will make you uncomfortable.   

 

WARNING: Epilepsy warning  https://help.tobii.com/hc/en-us/articles/212372449-Safety-guidelines 

Some people with Photosensitive Epilepsy are susceptible to epileptic seizures or loss of consciousness when 

exposed to certain flashing lights or light patterns in everyday life. This may happen even if the person has 

no medical history of epilepsy or has never had anyepileptic seizures. A person with Photosensitive Epilepsy would 

also be likely to have problems with TV screens, some arcade games, and flickering fluorescent bulbs. Such people 

may have a seizure while watching certain images or patterns on a monitor, or even when exposed to the light 

sources of an eye tracker. It is estimated that about 3-5% of people with epilepsy have this type 

of Photosensitive Epilepsy. Many people with Photosensitive Epilepsy experience an "aura" or feel odd sensations 

before the seizure occurs. If you feel odd during use, move your eyes away from the eye tracker.

http://www.gazept.com/
https://www.tobiipro.com/learn-and-support/learn/eye-tracking-essentials/how-do-tobii-eye-trackers-work/
https://www.tobiipro.com/learn-and-support/learn/eye-tracking-essentials/how-do-tobii-eye-trackers-work/
https://imotions.com/blog/eye-tracking-work/
https://help.tobii.com/hc/en-us/articles/212372449-Safety-guidelines
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Appendix P: Areas of Interest (AOIs) 
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Appendix Q. Edited Areas Of interest 
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Appendix R.Areas Of Interest sorted by Category and Scene 

TABLE XIV.  

AREAS OF INTEREST (AOIS) BY CATEGORY 

Category AOI ID Name of AOI 

Cuing Motion 29 EC Rise 2 

 33 Tubetime to GC zoom in 1 

 60 Graph 4 

   

Cueing contrast 18 Title - Lung 1 

 19 TItle -endothelial 2 

 20 Title - Surface 3 

 21 Title - Layer 4 

 30 Cross section 1 

 40 blobmesh 1 

   

Semantic BVIS visuals   

   

Semantic science 24 Intro Aoi 4 

 14 tubetime3 

 27 Transition 2 

 31 Cross Section 2 

 32 Cross Section 3 

 34 VanDenBerg Scene 1 

 36 Van De Berg 3 

 37 3D glycocalyx 1 

 72 Blobmesh 2 

 73 blobmesh 3 

 76 Esl 7 
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Category AOI ID Name of AOI 

 78 ESL 8 

 81 2d gc 3 

 57 Graph 1 

 58 Graph 2 

 63 Graph 7 

 64 Graph 2 1 

 67 Graph 2 4 

 68 ESL shed 2 

 53 Concl 3 

   

Mistake   

   

Cuing Motion and Cuing contrast 11 Tube Time1 

 49 ESL - shed 1 

 50 Neutrophil storm scene 1 

Cueing Motion and Semantic BVIS   

   

Cueing Motion and Semantic Science 8 Intro AOI2 

 16 Intro AOI2 

 22 Intro AOI 3 

 25 Intro Aoi 5 

 26 Transition 1 

 28 Ec Rise 1 

 44 ESL 4 

 83 AOI 83 

 46 Ve=-cadherin 1 

 47 Widened Juncrion 2 
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Category AOI ID Name of AOI 

 59 Graph 3 

 61 Graph 5 

 62 Graph 6 

 65 Graph 2 2 

 66 Graph 2 3 

 54 Concl 4 

   

Cuing Motion and Mistake 45 2D GC 1 - bending gc 

   

Cueing Contrast and Semantic BVIS Visuals   

   

Cueing Contrast and Semantic Science 41 ESL 1 

 42 ESL 2 

 43 ESL 3 

 79 2d gc 2 

 46 Ve=-cadherin 1 

 35 Van Den Berg 2 

 38 3d glycocalyx 2 

 39 3D glycocalyx 3 

 75 ESL 6 

 74 ESL 5 

 71 ESL 5 

 70 ESL 4 

 87 Neutrophil 2 

 51 Conclusion 1 

 52 Concl 2 

 56 Concl 6 
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Category AOI ID Name of AOI 

   

Cuing contrast and Mistake 87 Neutrophil 2 

   

Semantic BVIS Visual and Semantic Science 12 tubetime2 

 82 VE cadherin 2 

 83 AOI 83 

   

Semantic Science 24 Intro Aoi 4 

 14 tubetime3 

 27 Transition 2 

 31 Cross Section 2 

 32 Cross Section 3 

 34 VanDenBerg Scene 1 

 36 Van De Berg 3 

 37 3D glycocalyx 1 

 72 Blobmesh 2 

 73 blobmesh 3 

 76 Esl 7 

 78 ESL 8 

 81 2d gc 3 

 57 Graph 1 

 58 Graph 2 

 63 Graph 7 

 64 Graph 2 1 

 67 Graph 2 4 

 68 ESL shed 2 

 53 Concl 3 
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Category AOI ID Name of AOI 

 55 Concl 5 

   

Semantic Science and Mistake 45 2D GC 1 - bending gc 
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Appendix S.  Table of Average Areas Of Interest Fixations by Category and Scene 

TABLE XV.  

AREAS OF INTEREST (AOIS) AVERAGE FIXATIONS BY CATEGORY AND SCENE 

AOI 

ID 

AOI Name Researchers Novices Category 

18 Title - Lung 1 3 2.267 Cueing contrast 

19 TItle -endothelial 2 2 1.692 Cueing contrast 

20 Title - Surface 3 1 1.625 Cueing contrast 

21 Title - Layer 4 0 1 Cueing contrast 

8 Intro AOI2 1 2 Cueing Motion and Semantic Science 

16 Intro AOI2 3.4 3.364 Cueing Motion and Semantic Science 

22 Intro AOI 3 5.8 5.313 Cueing Motion and Semantic Science 

24 Intro Aoi 4 2 1.75 Semantic science 

25 Intro Aoi 5 0 0 Cueing Motion and Semantic Science 

11 Tube Time1 17.6 18.125 Cuing Motion and Cuing contrast 

12 tubetime2 1 1.846 

Semantic BVIS Visual and Semantic 

Science 

14 tubetime3 1 1 Semantic science 

26 Transition 1 3.8 4.063 Cueing Motion and Semantic Science 

27 Transition 2 0 0 Semantic science 

28 Ec Rise 1 15.2 15.563 Cueing Motion and Semantic Science 

29 EC Rise 2 1.667 1.875 Cuing Motion 

30 Cross section 1 3 4.5 Cueing contrast 

31 Cross Section 2 1.667 1.692 Semantic science 

32 Cross Section 3 1 1.462 Semantic science 

33 Tubetime to GC zoom in 1 5.2 6.267 Cuing Motion 

34 VanDenBerg Scene 1 3.4 3.25 Semantic science 

35 Van Den Berg 2 3.2 2.8 Cueing Contrast and Semantic Science 
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AOI 

ID 

AOI Name Researchers Novices Category 

36 Van De Berg 3 16.6 15.438 Semantic science 

37 3D glycocalyx 1 2.4 2.75 Semantic science 

38 3d glycocalyx 2 5.5 2.444 Cueing Contrast and Semantic Science 

39 3D glycocalyx 3 4 2.429 Cueing Contrast and Semantic Science 

72 Blobmesh 2 4.333 2.667 Semantic science 

40 blobmesh 1 3.4 6 Cueing contrast 

73 blobmesh 3 3.333 2.3 Semantic science 

74 ESL 5 1 1.5 Cueing Contrast and Semantic Science 

75 ESL 6 5 4.867 Cueing Contrast and Semantic Science 

76 Esl 7 1 3 Semantic science 

41 ESL 1 2.2 1.818 Cueing Contrast and Semantic Science 

42 ESL 2 2.25 1.308 Cueing Contrast and Semantic Science 

43 ESL 3 1 1.2 Cueing Contrast and Semantic Science 

44 ESL 4 3.8 4.125 Cueing Motion and Semantic Science 

78 ESL 8 1.5 1 Semantic science 

45 2D GC 1 - bending gc 38.6 40.125 Cuing Motion and Mistake 

79 2d gc 2 3 3.545 Cueing Contrast and Semantic Science 

80 2d gc 2 0 0  

81 2d gc 3 3.75 3.692 Semantic science 

46 Ve=-cadherin 1 22.8 22.063 Cueing Motion and Semantic Science 

82 VE cadherin 2 1.5 2.455 

Semantic BVIS Visual and Semantic 

Science 

83 AOI 83 0 2.667 

Semantic BVIS Visual and Semantic 

Science 

47 Widened Juncrion 2 16.8 12.813 Cueing Motion and Semantic Science 
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AOI 

ID 

AOI Name Researchers Novices Category 

48 AOI 48 0 0  

57 Graph 1 1.333 4.5 Semantic science 

58 Graph 2 1 1.25 Semantic science 

59 Graph 3 2.4 2.583 Cueing Motion and Semantic Science 

60 Graph 4 2.5 1.2 Cuing Motion 

61 Graph 5 1.333 2 Cueing Motion and Semantic Science 

62 Graph 6 2.2 3.571 Cueing Motion and Semantic Science 

63 Graph 7 2.6 2.556 Semantic science 

64 Graph 2 1 3 4.636 Semantic science 

65 Graph 2 2 3 1.818 Cueing Motion and Semantic Science 

66 Graph 2 3 9.4 7.357 Cueing Motion and Semantic Science 

67 Graph 2 4 2.6 1.727 Semantic science 

49 ESL - shed 1 9.8 13.786 Cuing Motion and Cuing contrast 

68 ESL shed 2 15 0 Semantic science 

71 ESL shed 5 1.667 2.25 Cueing Contrast and Semantic Science 

70 ESL shed 4 2 3.077 Cueing Contrast and Semantic Science 

69 ESL shed 3 0 0  

50 Neutrophil storm scene 1 16.8 18.933 Cuing Motion and Cuing contrast 

87 Neutrophil 2 6.4 7.4 Cueing Contrast and Semantic Science 

51 Conclusion 1 3.25 3.769 Cueing Contrast and Semantic Science 

52 Concl 2 7.2 4.733 Cueing Contrast and Semantic Science 

53 Concl 3 3 2.385 Semantic science 

54 Concl 4 6.6 4.462 Cueing Motion and Semantic Science 

55 Concl 5 4.8 4.923 Semantic science 

56 Concl 6 2.25 2.182 Cueing Contrast and Semantic Science 
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