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ABSTRACT

Traditional ultrasound-guided Central Venous Catheterization (CVC) were taught using
static manikins. However, these manikins did not provide any variation in patient anatomy and
required an expert to provide qualitative feedback. Consequently, many robotic simulators
became increasingly more prevalent in medical education, as they offered quantitative feedback
and variable patient anatomy. The Dynamic Haptic Robotic Trainer (DHRT) was an example of
this – providing feedback on its graphical user interface (GUI) for a variety of different patient
profiles. However, no previous studies had been conducted to test the amount of learning or user
performance on the DHRT system. Thus, this study was developed to determine the
effectiveness of the system through an eye tracking study with seven surgical residents. Results
indicated that all participants reached standard performance in five areas of interest (AOIs): total
grade, number of insertion attempts, angle of insertion, percentage of time spent aspirating, and
distance to the center of the vein. Eye gaze patterns indicated the importance of user interface
design in these types of learning systems. These findings supported further studies on feedback
systems in medical education.
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Chapter 1
Introduction
Central Venous Catheterization (CVC), also known as central line placement, is a
medical procedure in which a catheter is placed in the body to provide direct access to the heart
(A. Graham et al. 2013), (see Figure 1). It is used to monitor blood pressure, sample blood and
provide all types of nutrients and medications to the body and is inserted through a large vein,
usually the internal jugular vein (IJ) or subclavian vein (SC) (Osborne, 2005). More than 5
million central lines are placed in the U.S. every year and nearly 8% of patients require these
procedures (Heffner et. al, 2016). Though the procedure is a common one, complications have
been reported in almost 15% of patients (McGee & Gould, 2003). The predominant reason for
complications is due to an increasing number of insertion attempts – with failure rates rising
from 1.6% in 1 attempt to 43.2% with 3 or more attempts (Mansfield et. al, 1994). Additionally,
the angle in which a user inserts into the vein is another common complication indicator – if a
needle is inserted at too steep of an angle, above 45 degrees, it might go through the entire vein
and puncture another vessel, but if the inserted angle is too shallow, it might not get far enough
into the vein to safely complete the procedure. Other complication indicators include the distance
to the center of the vein - if the user does not insert far enough, they might not reach the vein, but
if they insert too deep, they might go through both sides of the vein - and percent of time spent
aspirating - pulling back on the syringe to prevent air bubbles in the vein (A. Graham et. al,
2013). Thus, many training methods have been devised to better prepare residents to perform
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these procedures with a lower risk for complications.

Figure 1: (Left) Needle Insertion on Manikin (Right) Model Central Venous Catheter

The most common training methods currently include simulation, either on a static
manikin or on a robot. Manikin trainers are very popular because they accurately simulate tactile
feedback experienced when placing a central line on an actual patient (D. F. Pepley et al., 2017).
However, these trainers do not provide any anatomical variation, and thus residents who are
trained through this method might still struggle to place a catheter on a patient with complicated
or uncommon anatomy (D. F. Pepley et al., 2017). Additionally, an expert observer must be
present to offer feedback during training, introducing subjectivity and variability to the feedback
process. Because of this, current manikin training has been known to take up too many resources
and time (Ogden et. al., 2000, Sherertz et al., 2000).
As a result, robotic simulators have become more popular in recent years because they
can simulate different patient anatomies while providing quantitative feedback - versus the
qualitative feedback from an observer during manikin training - on a graphical user interface
(GUI) (D. F. Pepley et al., 2017). These robotic simulators have been known to not offer as
accurate tactile feedback as manikin trainers, thus many studies have been conducted to compare
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the rate of learning between the two (D. F. Pepley et al., 2017). One such system that has been
recently designed was the Dynamic Haptic Robot Trainer (DHRT), which was a newly
developed CVC simulator. This trainer was developed at The Pennsylvania State University, and
was used in clinical studies at the Hershey Medical Center (HMC). It was created to provide
patient profiles and objective feedback in order to overcome the gaps in current CVC simulation
training (Ogden et al., 2007; Sherertz et al., 2000). The DHRT contained different components ranging from the haptic robotic arm to the ultrasound imaging system (D. F. Pepley et al., 2017).
One unique feature of the DHRT system was that it contained a personalized learning
graphical user interface. While the DHRT device itself had been shown to improve learning, it
was unknown what was causing the learning, and how much the GUI contributed to performance
improvement, as the GUI provided quantitative feedback in areas that were determined most
crucial to placing a central line properly. The 6 key areas of interest (AOIs) on the GUI that were
analyzed during this study were: 1) total grade, 2) case difficulty, 3) number of insertion
attempts, 4) angle of insertion, 5) distance to the center of the vein, 6) percentage of time
aspirating, see (Figure 2). Thus, this thesis focused on analyzing the DHRT’s GUI – what pieces
of feedback were most useful to participants, and which pieces of information they looked at the
most.
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Figure 2: (Left) Area of Interest Placement on Graphical User Interface (Right) Eye-tracking with DHRT
System Setup

One way to determine what participants were looking at on the feedback screen was through
eye tracking. Eye tracking could be used to determine eye gaze patterns - from the type and
length of fixations and gazes, to primary areas of interest and fixation rates. These metrics could
help provide insights into surgeon behavior and help determine a user’s mental state – where was
their attention and focus, for example ("This Is Eye Tracking," 2015). Eye movements, like
fixations on certain areas of a user interface could indicate how much mental processing was
applied in specific gaze points (Ghaoui, 2005). Eye tracking has been used in a variety of
different industries and disciplines to better understand on what people are focusing their
attention. Previous studies have used eye tracking for the field of neuroscience - to determine if
what people are looking at is actually to what they are paying attention, psychology - reading
patterns for the English language, industrial engineering - aviation, driving, and visual
inspection, as well as marketing, advertising, and computer science (Duchowski, 2002).
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1.1 Research Objectives
The objective of this thesis was to explore the effectiveness of the learning interface by
examining performance improvements and gaze fixation patterns. Specifically, the research
questions (RQ) investigated as part of this thesis were:

RQ1: How do eye fixation patterns on different AOIs change as training progresses?
The first research question was developed to understand how what kind of information on
the GUI was most important and useful to the participants, to alter the graphical user interface to
provide more relevant information. It was hypothesized that participants would look at the Total
Grade and Number of Insertion Attempts AOIs the most because the Total Grade metric provides
a quick estimation of how well participants performed overall on a needle insertion, and the
number of unsuccessful insertion attempts is the greatest predictor of surgical complications,
where the failure rate of cannulation increases from 1.6% (1 attempt) to 10.2% (2 attempts) to
43.2% (3 or more attempts) (Mansfield et al., 1994).

RQ2: How does performance in each AOI change throughout training? How does this relate to
what participants fixated on in the personalized learning interface?
The second research question was developed to understand how user performance
changes with practice and how that correlates with where participants were looking at. It was
hypothesized that all participants would improve their skills to some degree while undergoing
robotic simulation. Past studies have shown that participants improve their CVC insertion skills
regardless of what training method they use (M. A. Yovanoff et al., Accepted February 2018)
and that simulation training can decrease infection rates by 28% (D. F. Pepley et al., 2017).
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Additionally, during skill acquisition, operators usually demonstrate significant performance
gains early in the learning process and plateau once they reach standard performance. Thus, it
was predicted that participants would display a significant learning curve in the earlier trials of
training rather than later in all areas of interest, but that participants would improve faster and by
the greatest amount in AOIs they fixated on more frequently (Jacob & Karn, 2003). Furthermore,
eye gaze metrics, number of fixations specifically, correspond with the importance of a certain
element on a GUI. If a participant is placing more importance on learning about a specific skill
area in CVC placement, it is more likely that they will pay attention to and perform better in that
area.

1.2 Thesis Overview
The following chapters describe an eye tracking study on 7 medical residents during their
Central Venous Catheterization (CVC) training on the Dynamic Haptic Robot Trainer (DHRT).
Chapter 2 provides information about past literature and studies conducted on CVC insertion,
eye tracking, and the combination of the two. Chapter 3 explains the experimental set up and
procedure for how the data was collected and what kind of data was collected. Chapter 4
describes the results found and statistical analyses that were conducted to make sense of the data
collected. Chapter 5 discusses how the findings of this thesis relate to past literature and what
this indicates for the surgical community. Chapter 6 details limitations of the study and possible
future work that could be done because of this thesis. Finally, Chapter 7 provides conclusions of
the findings of this thesis.
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Chapter 2
Literature Review
This chapter explores the previous research related to Central Venous Catheterization
(CVC) and eye tracking. This information provides a foundation for this thesis work.

2.1 Central Venous Catheter Insertion
Central Venous Catheterization is used commonly to provide nutrition, medication, and
hemodynamic support, and provides access to perform a wide variety of procedures (D. F.
Pepley et al., 2017). Additionally, CVCs allow monitoring of different hemodynamic metrics
which cannot be measured accurately through non-invasive measures (McGee & Gould, 2003).
CVC’s are typically into the internal jugular vein (IJCVC) using an 18-gauge needle inserted at
the highest part of the triangle formed by the sternocleidomastoid muscle and the clavicle using
ultrasound guidance (US) (Graham et al., 2013). During this procedure, an ultrasound is used to
locate the vessel and the position is held using the surgeon’s non-dominant hand. Next, the
needle is inserted at a 30° to 45° angle while aspirating - pulling back on the syringe and thus
creating negative pressure - the entire time. Once the needle is centered in the vein, a guide wire
is inserted, followed by a catheter.
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Figure 3: Ultrasound Guided CVC Insertion on a Manikin Simulator

Nearly 5 million CVCs are placed in the U.S. every year (McGee & Gould, 2003).
Despite how common the procedure is, about 15% of patients have reported complications
(McGee & Gould, 2003). Mechanical complications such as arterial puncture, hematoma, and
pneumothorax, occur in 5% to 19% of patients. Infectious complications like exit site infection,
pathogen migration along the external catheter surface, contamination of the catheter hub, and
seeding of the catheter are reported to occur in 5% to 26% of patients and thrombotic
complications are reported at 2% to 26% (McGee & Gould, 2003). There are many reasons
complications occur - the most common are as a result of clinician inexperience, multiple
insertion attempts, and difficult anatomy, such as small vessels and a lot of adipose neck tissue
(D. F. Pepley et al., 2017). Thus, training surgical residents can help to reduce these
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complications - in fact, a standardized CVC training course has shown to decrease infection rates
by 28% (D. F. Pepley et al., 2017).
Historically, CVC insertion has been taught by the “see one, do one, teach one”
(Vozenilek et. al, 2004) or by the “landmark” technique (Denadai et al., 2014). The first required
a resident to watch an insertion taking place, practice one on a live patient, and then teach
someone else how to place one. Simply watching a procedure take place was not enough to learn
it entirely, thus many surgeons ruled out this technique across the board. In the second technique,
a surgeon simply relied on where anatomical landmarks, most commonly “bony prominences,
muscle surfaces, and arterial pulsations” should be in order to place a central line (Denadai et al.,
2014). However, up to 10% of patients have anatomical variation, and this accounts for many of
the complications commonly associated with central venous catheterization (Denadai et al.,
2014). Thus, simulation training in central line placement is beneficial because it can improve
performance, reduce errors, and increase patient safety by allowing a resident to practice the
procedure before performing it on an actual patient. This significantly decreases the number of
complications acquired through the “see one, do one, teach one” teaching method and the
landmark technique.
Past studies on CVC simulation training provided mixed results. One study, which tested
CVC insertion performance with simulator training versus no training at all found that
immediately after training and in the post-test showed significant improvements in the group that
received training versus the one that did not (Smith et al., 2010). However, results in a delayed
post-test (months after the initial training) showed that those trained on the simulator had the
same level of performance as those who did not have any (Smith et al., 2010). In contrast,
another study found that training using Simulation Based Mastery Learning (SBML) proved that
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those who completed this program performed significantly better, with fewer needle insertions,
fewer arterial punctures, higher success rates, and decreased rates of infections (Barsuk et al.,
2010). In addition, this study also showed significant retention, to about 82.4% to 87.1%
retention 1 year after training, versus the 100% retention from the posttest (Barsuk et al., 2010).
This form of training - mastery learning - required participants to achieve the ideal level of
performance. Students were given a 2-hour learning session - including a lecture, ultrasound
training, CVC simulator practice, and direct feedback. After the training, participants were
required to meet the Minimum Passing Score (MPS) (Barsuk et al., 2010). Conclusively, the
variation in training methods might contribute to the mixed results found by these studies. A
standardized CVC training course should be devised to provide reliable CVC instruction and
training.
Currently, a common method of CVC training is performed on a manikin simulator.
Manikin simulators are proven to help residents learn because they provide haptic feedback that
is similar to that of a human patient (D. Pepley et al., 2016). However, manikins only provide
one type of patient anatomy. As previously mentioned, up to 10% of patients have some type of
anatomical variation, thus, practicing CVC insertion on the same manikin over and over does not
necessarily prepare residents for patients with more difficult anatomy (Denadai et al., 2014).
Thus, robotic simulators have started to become popular, because they can simulate a variety of
different patient anatomies that a resident might encounter during surgery (D. F. Pepley et al.,
2017).
The Dynamic Haptic Robot Trainer (DHRT) system, for example, had been used to train
residents on central line placement. This system consisted of 4 parts: a needle positioning
software, a haptic robotic component, a virtual ultrasound imaging system, and a graphical user
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interface (GUI) (D. F. Pepley et al., 2017). The GUI (feedback screen) in specific provided
quantitative results about how a resident performed on an insertion in 6 key areas of interest
(AOIs) as mentioned previously, and it also displayed a leaderboard of the top 10 insertion
scores (D. F. Pepley et al., 2017). The total score a patient received was calculated as a function
of many of the areas of interested listed above, as well as a few other characteristics of needle
insertion. Equation 1, developed by Pepley et. al (D. F. Pepley et al., 2017), calculated the score
as:
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐼𝐼𝑠𝑠 * (161.3 *(𝜃𝜃𝑠𝑠 + 𝐶𝐶𝑠𝑠 +𝑎𝑎𝑠𝑠) ‒ 𝐵𝐵𝑠𝑠 ‒ 𝐴𝐴𝑠𝑠) [ Eqn. 1]
The chart of variables and their description can be found in Table 1.
Table 1: Description of CVC Simulator Performance Scoring Variables

Variables
Is

Description
0 if the needle ends in artery
0.5 if needle in neither vessel
1 if needle ends in vein

θs

Average needle angle factor

Cs

Needle centering factor

as

Needle aspiration factor

Bs

Vein backwall puncture penalty

As

Multiple attempts penalty

Furthermore, previous studies performed on the DHRT system indicated that participants
were successfully able to improve their CVC skills using this system, while using data from the

12

feedback screen to alter their performance (D. F. Pepley et al., 2017). A robotic simulator like
the DHRT system primarily differed from a traditional manikin simulator in that it provided
quantitative feedback on the GUI versus qualitative feedback provided by a medical observer. A
past study comparing training on the DHRT system, a manikin, and a combination of the two,
proved that all participants improved their learning regardless of which training method they
used, and that there was no difference in performance gains between the different methods (M.
Yovanoff et al., 2016). Another study that compared participant self-efficacy on the DHRT
system versus the manikin proved that both groups improved their self-efficacy scores
throughout the duration of the training, but the manikin group generally rated their performance
higher than the DHRT group (M. A. Yovanoff et al., Accepted February 2018). Since the
participants in the DHRT group were provided direct, quantitative feedback every trial, it was
concluded that they might have been given a better understanding about how good their abilities
actually were - especially since they reported more of their errors during training and were able
to predict their scores on the DHRT system (M. A. Yovanoff et al., Accepted February 2018). In
terms of medical simulation, the DHRT had significant advantages over manikin training.
Manikin training sometimes provided biased or inconsistent qualitative feedback, due to
examiner burnout (D. F. Pepley et al., 2017) and provided only one type of patient anatomy. In
contrast, the DHRT system provided standard and quantitative feedback and varied patient
anatomy, consequently giving participants more experience and a better understanding of their
actual performance level.
While this prior work proves that there is a definite advantage to simulation training,
whether it is on a manikin or a robot, studies have not been able to reveal a difference in the two
training methods. Additionally, no studies have been performed on the DHRT system to
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determine exactly which component provides the most learning for participants. More research
should be conducted to exactly determine how important the effects of varied patient anatomy
and quantitative feedback are. Thus, this thesis sought to fill one of the knowledge gaps in this
field by analyzing how the information on the GUI contributes to learning on the DHRT system.

2.2 Eye Tracking as a Potential Indicator of Learning
One way to quantify learning on the DHRT system is through eye tracking. Contrary to
popular belief, eye tracking has been prevalent in all types of studies for many years. Eye
tracking has been used since the twentieth century to gain insight into human behavior, starting
with Dodge and Cline, who developed the first non-invasive eye tracking technique in 1901
(Jacob & Karn, 2003). Their initial eye tracker used light to reflect from the cornea in order to
track eye movements (Jacob & Karn, 2003). However, it wasn’t until 1948 that Hartridge and
Thompson created the first head mounted eye tracker (Jacob & Karn, 2003) – eye trackers that
are now commonly used in tasks such as surgical procedures, driving, and running. Eye tracking
technology currently, tracks user eye fixation and gaze data as they perform certain tasks.
Moreover, eye movements such as fixations on different areas of interest can reflect the amount
of mental processing applied to specific gaze points (Ghaoui, 2005). With all these technological
developments, eye trackers have started to become more common in human factors and usability
studies because they provide accurate data on where users are looking and when.
Eye tracking is used primarily in usability studies and among these studies; there are
many different types of eye trackers that can be used as well. A study in laparoscopic surgery
compared a few – determining that a high resolution computer based eye tracker could
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successfully and accurately gather different gaze points, but proved to be too large and obtrusive
to be used in an actual surgical suite (Atkins et al., 2013). In contrast, the head mounted eye
tracker that was also tested proved to provide less reliable eye gaze data, but was much more
feasible to wear during surgery (Atkins et al., 2013). Also, good eye trackers possess a fast frame
rate, a high resolution camera, and an optimal focal length and lens angle (Majaranta & Bulling,
2014). To improve the quality of eye tracked data, it is recommended to invest in an eye tracker
that meets all the following criteria as well as improving external conditions during eye tracking
(i.e. amount of light, whether or not a participant wears glasses, heavy makeup, or squints
frequently) (Majaranta & Bulling, 2014).
Two major types of eye fixation movements are called fixations and saccades. A fixation
is a period of time with relatively minimal eye movement (with a velocity of about 15-100
degrees per second) (Jacob & Karn, 2003) whereas a saccade is a jerky, rapid, eye movement
with velocities of about 500-900 degrees per second (Goldberg & Wichansky, 2003). A series of
different human computer interaction (HCI) studies have used eye-tracking metrics to quantify
participant behavior and attention. Some of the most popular, like number of fixations and
fixation duration indicate a user’s potential difficulty in extracting information. Others, like gaze
percent on each AOI or number of fixations per area of interest indicate the potential importance
of an element (Jacob & Karn, 2003). For the purposes of this study, fixation duration and
fixation duration per AOI were the primary measures tested.
Eye tracking has been used in a variety of different industries, from neuroscience and
psychology to marketing and advertising, to better understand what people were focusing their
attention on (Duchowski, 2002). Eye tracking in the medical field has been used to analyze the
patient and their cognitive processes. One study tested the effectiveness of using an eye tracker
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as a communication tool for ICU patients who were unable to communicate vocally. The study
found that eye tracking devices did positively help ICU patients and their communication
abilities. In terms of surgical procedures, eye tracking to differentiate experts versus novices in a
laparoscopic task found that experts had steadier gazes and required less visual feedback to
complete the procedure (Law et al., 2004). Another study examined whether eye gaze patterns
during sinus surgery could be indicative of surgical skill, concluding that there was a correlation
between performance and eye gaze patterns (Ahmidi et al., 2010). Though eye tracking has been
used in a few different surgical procedures, there is no current knowledge on eye tracking in
central venous catheterization, specifically how where participants look during training (the
ultrasound screen, the needle, the simulator) and how it relates to their performance and learning.
Because of the rise of technology, human computer interaction research has become
increasingly more prevalent. HCI studies focus mainly on how a user interacts with a user
interface (UI) – from how a user processes information on a data dashboard, to the browsing
habits of customers on websites. Eye tracking is a commonly used tool in this field because it
provides insight into user eye gaze patterns and whether that correlates with the actions they
perform on a UI. Overwhelmingly, studies have found that users looked the most at the top left
hand side of the screen – with low times to first fixation, high fixation frequencies, and longest
fixations in this area (Buscher et al., 2009). One study found that users tended to quickly look at
the top left side of the screen in the first few moments they saw a new webpage, because this was
where most logos, headlines, and pictures from a website were placed (Buscher et al., 2009).
Additionally, almost no users in this study looked at the right hand side of page – potentially
because most advertisements are placed on the right side of a website (Buscher et al., 2009).
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Studies have also found that with more fixations on the top left and less on the bottom
right, users tended to read in an F shaped pattern as well (Pernice et al., 2014). In an eye tracking
study with 232 participants, it was found that people tended to start reading on the top left of the
screen, reading horizontally for a little bit, repeating the pattern slightly lower, and then reading
vertically down the left side of the screen (Pernice et al., 2014). Another study found that though
the F pattern held true, it was more variable in browsing rather than searching tasks (Shrestha &
Lenz, 2007). Additionally, eye gaze patterns tended to differ depending on the task (i.e.
searching for a function versus looking for information) (Cutrell & Guan, 2007). One study that
tested the visual hierarchy of displays found that when users browsed for information, they
tended to fixate more on the center of the page, but if users were simply reading information,
they looked for information on the left side of the page (Djamasbi et al., 2011). This study also
found that users more carefully inspected a page if there were images, especially if they were
placed near the top of the page. If they were placed near the bottom of the page, users would
focus on the picture and also the text around the images (Djamasbi et al., 2011).
Conclusively, eye tracking can be used in a variety of different industries to learn how
users view and process information. Past research has been conducted on eye tracking in surgical
procedures and human computer interaction, but none on central venous catheterization training.
Thus, this study aims to fill the knowledge gap in this area by eye tracking fixations on a robotic
simulator graphical user interface, during CVC training and comparing these gaze patterns to
how users interact with a typical user interface.
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Chapter 3
Methodology
Based on studies conducted in the past, this thesis was developed to identify the
effectiveness of the DHRT personalized learning system, to improve performance on the 6 key
areas of feedback including: (1) Total grade, (2) case difficulty, (3) number of insertion attempts,
(4) angle of insertion, (5) distance to the center of the vein, (6) percentage of time spent
aspirating.
Specifically, as described in Chapter 1, this thesis sought to answer the following research
questions:
RQ1: How do eye fixation patterns on different AOIs change as training progresses?
RQ2: How does performance in each AOI change throughout training? How does this relate to
what participants fixated on in the personalized learning interface?

Participants

The participants in this study were recruited from a 1st year residency program at
Hershey Medical Center (HMC). There were 26 participants in total and seven of them were eye
tracked on the DHRT system. Of these seven, there were two females and five males, all
focusing on the following specialties: General Surgery (3), Otolaryngology (1), Orthopedics (1),
Urology (1) and Unspecified (1). All the participants were right handed and did not wear glasses.
This experiment represents a subset of a larger study (N=26) aimed at comparing the
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effectiveness of the DHRT system to current manikin simulators. However, only the
methodology relevant to the current thesis will be described.

Procedure

This study was conducted during the summer of 2017, with a series of pre-test, post-test,
and training sessions. There were eight sessions and five of them were trainings that were eye
tracked for the purposes of this study. Sessions I and II were conducted with all 26 residents
where they were given an overview of the study and agreed to provide consent to participate.
Next, each participant watched an 18-minute video on CVC insertion and completed a CentralLine Self-Efficacy Survey as part of their training. They then completed a pre-test by inserting a
needle into a manikin simulator - specifically a Blue-Phantom Gen II Ultrasound Central Line
Training Model (Model #BPH660). After the pre-test, the participants were divided into three
groups: training on the manikin, training on robot one, and training on robot two. The
participants were split up in the following order:
Manikin (N =13): participants could be either left or right handed, none were eye tracked.
Robot 1 (N = 7): participants were all right handed and did not wear glasses, all were eye
tracked.
Robot 2 (N =6): participants were all right handed and were a mix of glasses and non-glasses
wearing, none were eye tracked.
For the purposes of this study, only participants on Robot One (those that did not wear
glasses, were right handed and were eye tracked), were analyzed. Before each training session,
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participants were fitted, calibrated, and taught to use the Tobii Pro Glasses 2, which collected
raw data at a frequency of 20 Hz ("Tobii Pro Glasses 2," 2018).
The training was divided into four parts. Session I consisted of 2 needle insertions (trial 1-2),
while sessions II and III consisted of 10 needle sticks each (trials 3-12 and trials 13-22,
respectively). Session IV required participants to place two full lines on a manikin, and thus was
not analyzed as part of this study. During sessions I-III, participants were only required to place a
needle stick. A “needle stick” only required the participant to find the vein with their ultrasound
probe, insert the needle and acquire flash. Specifically, a participant needed to:
1. Select the appropriate site for venipuncture
2.

Select the correct ultrasound probe and using it in the correct orientation

3. Gathering a clear image of the vessels (the artery & vein) using the ultrasound machine
4. Correctly distinguishing the artery and vein by checking for compressibility
5. Inserting the needle at a 30-45 degree angle from the skin
6. Locating the needle’s position on the ultrasound image
7. Advancing the introducer needle slowly and steadily
8. Successfully enter the vein
9. Aspirate blood to confirm vessel entry
10. Conduct the entire procedure without any mistakes
All 22 needle sticks were performed on the DHRT system, while the full line procedure
for all trials were performed on the Blue Phantom manikin. Additionally, there were 17 different
patient profiles spread across 22 different trials. They all varied in difficulty in terms of patient
anatomy, ranging from one to five, five being the most difficult and one being the least difficult.
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During the post-test, all 26 participants were required to perform one stick on an obese
manikin and a full procedure on a Blue Phantom manikin. All participants were motion tracked
and the NG participants were eye tracked. No major information was provided during the pre - or
post- test. For those trained on the manikin, verbal feedback was provided throughout the whole
process and those trained on the DHRT system were provided feedback only from the feedback
screen at the end of each trial.

Metrics – Eye Tracking Performance Measures

Once the eye tracked data for the pre-test, post-test, and training was collected, it had to
be coded to analyze eye gaze patterns. The final data for this thesis contained eye gaze patterns
for the seven eye tracked participants, for their needle insertions for trials 1-22 during the
training sessions.
Participants were eye tracked using the Tobii Eye Tracker Glasses 2. Data was coded in
the Tobii Pro Lab software. This software allowed a user to analyze participant eye gaze patterns
for the duration of a video. Once the eye data was coded, the software displayed results for many
eye gaze metrics such as (but not limited to): scan path, type of gaze, length of fixation, length of
gaze, location of eye movement, timestamps, etc. An example of the eye tracker on a user can be
found in Figure 4.
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Figure 4: Tobii Eye Tracker 2 Glasses

There were many gaze filters that could be used while coding eye patterns. The attention
and fixation filters were determined automatically based on the Tobii Pro software whereas the
raw gaze filter tracked gazes every 20 milliseconds. To capture the most precise eye movement
patterns, the raw gaze filter was used to code this data. For this experiment, only eye gaze data
for the feedback screen was coded. Thus, whenever the participant looked at something that was
not the feedback screen (i.e. their survey booklets, the floor, the ultrasound probe), it was not
recorded. In order to map eye gaze data, a snapshot of the participants’ feedback screen was
added to the Tobii project for every trial. Then, every time a participant looked at a specific area
of the feedback screen in the video, that location was clicked on the corresponding snapshot. An
example of sample fixation points can be found in Figure 5 below. The size of the fixation circle
displayed below grows as more time is spent fixating in that area.
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Figure 5: Gaze Plot with Two Sample Fixation Points

Tobii Pro software was used to perform automatic mapping and locate eye gaze points.
Specifically, the time interval from when a participant recorded their scores for each trial and
when they began the next trial was mapped. The fixation filter in Tobii Pro software used a
classification algorithm that detected changes in eye gaze locations using a sliding window
method (Olsson, 2007). Signals, or eye gazes, that slowly shift around the same area were
classified as a fixation; abrupt changes in signals indicated a change in fixation location. The
definitions of eye gaze metrics that were used in this thesis can be found below:
Total Fixation Duration: The total amount of time spent fixating on the feedback screen after
each trial.
AOI Fixation Duration: The total percent of time (in seconds) each participant spent fixating on
an AOI after each trial. For each participant, the fixation duration was normalized by dividing
the amount of time spent fixating on points within an AOI (e.g. overall grade) by the Total
Fixation Duration per trial.
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Mean Fixation Duration: For each participant, this was calculated as the average AOI Fixation
Duration for both Training Sessions (II and III).

Metrics – CVC Performance

For this study, 6 different areas of interest on the Dynamic Haptic Robot Trainer (DHRT)
feedback screen were mapped to participant eye tracking data and analyzed. These areas of
interest were developed consulting the Central Venous Catheter (CVC) Checklist by which
participants are evaluated throughout their training, pre-test, and post-test. Eye tracking data was
mapped to these areas of the feedback screen using the Tobii Pro Eye Tracking Software. An
example of where each AOI was placed on the screen can be found in Figure 6.

Figure 6: Placement of AOIs on DHRT System

Overall Performance Score:
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The overall grade metric provided an overview of how the participant did on that specific trial.
Each patient profile has a different difficulty level to vary the anatomies a resident might
encounter. Each trial had a certain amount of points that could be accumulated, based on case
difficulty. The overall grade was calculated via a scoring scheme developed by Pepley et. al.,
2017. The scoring scheme assigned weights to certain characteristics, and was calculated via the
following equations:
Score = v * (161.3 * k + t) [Eqn. 2]
where
k = ch + an + ct + as [Eqn. 3]
t = gt + um + at [Eqn. 4]
Where, ch = Case difficulty weight, an = Angle weight, as = Aspiration weight, ct = Centering of
needle tip, gt = Needle passed through-and-through vein or artery, at = Number of attempts
made, um = Unnecessary movements parameter” (D. F. Pepley et al., 2017)
This coding scheme allowed a user to get at most 1000 points, only when they performed
one of the most difficult cases, the needle was in the center of the vein, there was minimal
movement, and needle insertion was precise and only inserted once (D. F. Pepley et al., 2017).
The following truncated screenshot, taken from Pepley et. al displays in more detail the number
of points a user could accumulate per metric as well as an assigned weight to each category. A
score of an A or B was considered “passing” in this study.
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Figure 7: Grading Scheme for the Dynamic Haptic Robot Trainer

Angle of Insertion:
Per expert surgeon knowledge at Hershey Medical Center, a needle should be inserted into the
vein at a 30-45-degree angle during CVC insertion. This provided the optimal amount of access
to blood flow in the vein. Thus, residents were penalized in their DHRT feedback if their
insertion angle did not fall into this range – a passing score was only received if a participant
inserted within this range.
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Percentage of Time Aspirating:
In a successful central line placement procedure, the participant should be aspirating 100% of the
time - to prevent air bubbles and to draw blood. Drawing blood was an indication of when the
participant had hit a vessel (either vein or artery). Aspirating was especially crucial so that a
participant did not continue to insert the needle, even after drawing blood and because it reduced
the risk of air embolism. Thus, participants were told to aspirate 100% of the time but were given
a passing score if they aspirated above 70% of the time.

Distance from the Center of the Vein:
Expert testimony concluded that the optimal needle insertion in the CVC insertion procedure
should reach directly to the center of the vein. This was to ensure that the resident does not
accidently go “through-and-through”, or all the way through both ends of the vein and to ensure
the resident would have optimal access to the vein for the remainder of the procedure. This
measure was calculated as the distance between the final location of the needle tip and the center
of the target vein. Participants were instructed to place the needle at the center of the vein as
often as possible. Participants were given a passing score if they inserted into the vein without
going “through and through” or hitting the artery.

Case Difficulty:
The patient profiles were assigned difficulty scores per depth and size of the vein and artery.
These scores ranged from 1 to 5, 5 being the most difficult and 1 being the least difficult, where
smaller or deeper vessels were considered more difficult. These ratings were developed with the
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aid of a vascular surgeon. No “passing” rate was considered for this AOI, as it was not a
performance metric.

Number of Insertion Attempts:
The number of insertion attempts metric is indicative of skill based on how many times the
resident must reinsert into the patient’s vein. Ideally, less insertion attempts would be less
harmful for the patient. Past research indicates that the risks of complication are six times higher
for three or more insertion attempts versus one (McGee 2003) and that multiple insertion
attempts is the greatest predictor of cannulation failures (Mansfield et al., 1994). More
experienced doctors and residents should be able to insert into the vein in just 1 attempt, so this
metric provides the participant an idea of how far they are from the mark. Participants only
received a “passing” grade if they successfully inserted the needle in 1 attempt.
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Chapter 4
Results
To answer the research questions put forth in this thesis, statistical analyses were run on
performance and fixation data for the seven eye-tracked participants. Specifically, the data from
the five AOIs through the 2 full training sessions (Session II – needle insertions 3 - 12 and
Session III – needle insertions 13-21) were analyzed. The sixth AOI, case difficulty, was not
analyzed, as it did not provide feedback on each participant’s skill level. These analyses and
results are organized by research question and were conducted using SPSS (v. 25.0) with a
significance level of 0.05.

RQ1: How does eye fixation patterns on different AOIs change as training progresses?

The first research question was developed to understand what kind of information on the
graphical user interface (GUI) participants look at the most and how this changed with further
training. To test how long all participants fixated on the GUI over the course of the training, a
linear regression was run, to understand the effect of time (trial number) on the total participant
fixation duration. To assess linearity, a scatterplot of fixation duration against trial number was
plotted – visual inspection of this plot indicated a linear relationship between the variables.
There was homoscedasticity and normality of the residuals. Results indicated that trial number
statistically significantly predicted fixation duration, F (1, 20) = 56.425, p < 0.0005, accounting
for 72.5% of the variation in total fixation duration with an adjusted R2 = 72.5%. Every
subsequent trial leads to 3.007 less minutes spent fixating on the GUI, 95% CI [-3.843,

-
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2.172] and the prediction equation was fixation duration = 90.542 – 3.007*(trial num). Thus, the
data indicated that with more training, participants looked less at the information the DHRT
feedback screen.
To determine whether there was a significant difference in how much time was spent
fixating on each AOI, a repeated measure ANOVA was run. This compared the total fixation
duration of all AOIs to each other. The Greenhouse-Geisser correction was used since Mauchly’s
Test of Sphericity indicated that the sphericity assumption had been violated, χ2 = 47.496, p <
0.0005. Results indicated that there was a statistically significant difference for time fixated on
each AOI, F (1, 3.543) = 32.673, p < 0.0005. A series of paired t tests were conducted after,
comparing the fixation duration of each AOI to one another. It was found that on average
participants fixated more on the Distance to Center of the vein AOI (21.9 ± 14.8s), Number of
Insertion Attempts AOI (21.0 ± 14.6s), and Total Grade AOI (19.7 ± 12.5s) than Angle of
Insertion (15.5 ± 12.4s) or Percent Aspiration (8.2 ± 8.8s), p<0.005. Participants also spent much
more time focusing on Angle of Insertion rather than Percent Aspiration, p < 0.005. Overall,
participants fixated most on Distance to the Center (3143.07 total seconds), and Number of
Attempts (3027.04) and the least on Aspiration % (1120.65).
Finally, to determine whether there was a difference among the fixation duration from
Session II to Session III for each separate AOI, a paired sample t-test was run within AOI,
comparing the amount of time spent fixating from Session II to Session III. One outlier was
detected that was more than 1.5 box-lengths from the edge of the box in a boxplot. Inspection of
its value did not reveal it to be extreme and it was kept in the analysis. The assumption of
normality for the difference in fixation time from Session II to Session III was violated, as
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assessed by Shapiro-Wilk’s test (p = 0.001). There was a statistically significant difference in
fixation duration from Session II to III for the Percent Aspiration and Number of Attempts AOIs,
with t(6) = -3.417, p < 0.014 and t(6) = 2.48, p < 0.048, respectively. Participants spent more
time looking at the Number of Attempts AOI in session II (21.2 ± 6.5s) versus session III (18.9 ±
6.6s), whereas participants spent less time fixating on Percent Aspiration AOI from session II
(6.5 ± 2.8s) than session III (9.7 ± 1.3s).There was NOT a significant difference in fixation
duration for Angle of Insertion, t(6) = 1.897, p < 0.107, Distance to the Center, t(6) = -1.197, p <
0.276, and Total Grade, t(6) = -1.037, p < 0.340.
The results indicated that participants fixated on the GUI less at the end of training rather
than the beginning. In addition, there was no statistical difference in fixation duration for the
Angle of Insertion, Distance to Center and Total Grade AOIs, but participants looked more at the
Number of Attempts AOI at the beginning of the training, whereas participants look less at the
Aspiration Percent AOI in the beginning and more towards the end. In terms of fixations
between AOIs, there was a significant difference in the time spent looking at each AOI –
participants tended to look more at the Distance to Center, Number of Insertion Attempts, and
Total Grade AOIs. This confirmed the hypothesis that the Number of Attempts and Total Grade
would be among the most popular AOIs for participants to fixate on.
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RQ2: How does performance in each AOI change throughout training? How does this
relate to what participants fixated on in the personalized learning interface?

The second research question was developed to understand if each AOI was providing
valuable feedback that helped participants evaluate and improve on their own performance.
Additionally, this thesis sought to determine how what participants were looking at on the GUI
related to their performance.
Table 2 provides a summary of the pass rates on each of the 5 AOI’s on the first (trial 1) and
last (trial 22) throughout the study. All the participants received a passing score on the last trial
of the study.
Table 2: Average Participant Performance from Trial 1 to Trial 22

Total Grade Aspiration
(%)
(%)

Trial #

Num. of
Attempts

Insertion
Angle (%)

Dist. to
Center (%)

1

71.43

71.43

28.57

85.71

85.71

22

100

100

100

100

100

Additionally, this thesis sought to determine how and when participants improved their
performance in each AOI, in addition to improving overall pass rates. To do this, learning curves
were calculated for each AOI, separately for session II and III, neglecting outliers that were
insignificant. Linear, logarithmic, and power curves were plotted for each data set, but since
learning curves follow the power law for learning (Ritter & Schooler, 2001), the power curve is
reported when available, and the linear curve is reported otherwise. Also, to calculate learning
curves, the fixation duration of all 7 participants was averaged together per trial. Overall, though
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many forms of learning curves proved to be significant, all of them had low R2 values –
potentially because of the large variation in user fixation tendencies. Thus, analysis of learning
curves was based primarily on p values and less on R2 values.

Overall Performance Score: Learning curves for this AOI were calculated using the total point
value for each trial, rather than the letter grade. For session II there was a significant linear and
logarithmic learning curve with no power curve fitted. The linear learning curve indicated that
participants did learn by a significant amount during trials 3 – 12, F (1, 68) = 5.774, p < 0.019,
R2 = 0.078, found in Figure 8. For session III however, there was no significant linear learning
curve, F (1, 68) = 3.298, p < 0.074, R2 = 0.046. In relation to RQ1, the time spent fixating on the
Total Grade AOI was not significantly different from session II to III, though performance
results indicate that participants learned a lot during session II rather than session III. This could
indicate that participants improved their performance in this AOI so quickly because they kept
fixating on the AOI for the same amount of time through the duration of the training.
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Figure 8: Learning Curve for Total Grade Session II

Number of Insertion Attempts: The linear, logarithmic and power curves were significant for
both Session II and III. Specifically, there was a significant power curve present during the
session II, F (1, 68) = 4.398), p < 0.040, R2 = 0.061 and session III, F (1, 68) = 4.049, p < 0.048,
R2 = 0.056, displayed in Figures 9 and 10, respectively. Additionally, the overall number of
attempted insertions decreased from 88 total attempts in session II to 74 total attempts in session
3. This could indicate that to decrease the number of insertion attempts per trial (to the ideal
number of one), participants had to continue to learn in order to do so.
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Figure 9: Learning Curve for Number of Insertion Attempts Session II
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Figure 10: Learning Curve for Number of Insertion Attempts Session III

Angle of Insertion: the learning curve for the Angle of Insertion was calculated using the
degrees of deviation from the target range of 30-45 degrees. Results indicated that there was a
significant linear learning curve for session II, F (1,68) = 7.754, p < 0.007, R2 = 0.102, see
Figure 11, but no learning curve for session III, F (1, 68) = 0.683, p < .411, R2 = 0.010. Like the
Total Grade AOI, the time spent fixating was not significantly different from session II to III,
though performance results indicate that participants learned a lot during session II rather than
session III. This could indicate that participants improved their performance in this AOI so
quickly because they kept fixating on the AOI for the same amount of time, but also that
participants retained their ability to monitor their angle of insertion and place the needle within
the desired range.
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Figure 11: Learning Curve for Angle of Insertion Session II

Distance to Center: There were no significant learning curves present for distance to center
of the vein during session II (p > 0.70), but there was a strong linear and logarithmic curve in
session III, F (1, 68) = 9.193, p < 0.003, R2 = 0.119 (linear model reported), see Figure 12. In
regards to RQ1, there was no statistical difference in the amount of time spent fixating on this
AOI from sessions II to III. This could indicate that even though participants did not necessarily
change how long they were looking at this AOI, they only began to focus on improving their
performance in this area during session III, perhaps after they had achieved standard
performance in other AOIs.
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Figure 12: Learning Curve for Distance to the Center Session III

Aspiration Percent: Finally, there was a significant linear learning curve present during
session II for percent aspiration, F (1, 68) = 9.083, p < 0.004, R2 = 0.118. However, there were
no learning curves present during session III. Participants quickly reached standard performance
at aspirated 100% of the time, indicating that they retained their ability to aspirate the entire time.
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Figure 13: Learning Curve for Percent Aspiration Session II
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Chapter 5
Discussion
This thesis was developed to understand participant learning and gaze patterns during
Central Venous Catheterization (CVC) training on the Dynamic Haptic Robot Trainer (DHRT).
The main findings of this thesis are as follows:
•

Overall, participants fixated less on the graphical user interface (GUI) with each
subsequent training session

•

Participants fixated more on the Distance to the Center of the Vein, Number of Insertion
Attempts, and Total Grade Areas of Interest (AOIs)

•

Participants fixated the least on the Percent Aspiration AOI

•

Participants focused more on the Percent Aspiration AOI in session 3 rather than 2 and
they focused more on Insertion Attempts in session 2 rather than 3

•

There was no statistical difference in fixation duration per AOI from session 2 to session
3 for all the remaining AOIs

•

There were performance learning curves in session 2, but not 3 for the Total Grade,
Angle of Insertion, and Percent Aspiration AOIs. There was a strong learning curve in
both sessions for Number of Insertion Attempts and there was a strong learning curve in
session 3 but not 2 for Distance to the Center of the Vein

The first research question was developed to see how eye fixation patterns on different
AOIs change as residents became more familiar with the GUI through multiple trials. It was
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hypothesized first that participants would look at the GUI less over the course of the training.
The results support the hypothesis, showing that participants spent less time fixating on the GUI
over the duration of the training, spending on average 3.007 less minutes looking at the feedback
screen with each subsequent trial. Similarly, one eye tracking study found that when given the
option, people barely looked multiple times at a screen with which they were familiar (Goldberg,
Stimson, Lewenstein, Scott, & Wichansky, 2002). This could be because once participants knew
where and what kind of information was on the screen, they spent less time searching the screen
to find it, or because once participants achieved standard performance in every area of interest,
they did not feel the need to look at the feedback screen as much.
For this research question, it was also hypothesized that people would fixate more on the
Total Grade and Number of Insertion Attempts AOIs throughout the duration of the training.
This is because Total Grade gave participants a quick overview of their overall performance
during a trial and Number of Insertion Attempts indicated surgical complication rates. The
results indicated that participants spent a different amount of time looking at each AOI, and that
people tended to look more at the Distance to the Center of the Vein, Number of Insertion
Attempts, and Total Grade AOIs and less at Angle of Insertion or Percent Aspiration. Overall,
participants looked at Percent Aspiration the least out of all AOIs. These results reaffirm our
hypothesis that Total Grade and Number of Insertion Attempts would be among the most popular
AOIs to look at.
Interestingly, past studies have found that regarding user interfaces (websites,
dashboards, GUIs like this one), people tended to read in an F shaped pattern (Pernice et al.,
2014). Because of this reading pattern, people tended to look most at the top left and least at the
bottom right side of the screen. Another study found that users had a very low time to first
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fixation, high fixation frequencies and long fixation durations on the top left hand side of the
screen, when looking at a webpage (Buscher et al., 2009). It also found that during the first and
second visits to a site, almost no one looked at the right hand side of the screen (Buscher et al.,
2009). This could be due to natural reading patterns as people read left to right and top to bottom.
However, this could also be because on typical user interfaces, the most important information
was placed on the top left hand side of the screen (banners, logos) and advertisements were
usually placed on the right hand side (Buscher et al., 2009). In this study, the Total Grade AOI
was placed in the top left, with Number of Insertion Attempts placed on the top of the screen as
well, and Percent Aspiration was placed in the bottom right. Thus, participants could have
fixated more on Total Grade and Number of Insertion Attempts because they were more
informative pieces of information, or simply because they were located on the part of the screen
where people most naturally tended to look. Follow up studies should be conducted to determine
whether the placement of AOIs on the feedback screen is the main reason why participants fixate
more on some rather than others.
Analysis for research question 1 also indicated that there was no difference the fixation
duration per AOI from session 2 to session 3 for every AOI except Percent Aspiration and
Number of Insertion Attempts. Participants looked more at Percent Aspiration in session 3
rather than 2, and vice versa for Number of Insertion Attempts. Additionally, past studies have
shown that people tended to “cross columns” the more familiar they were with a web page
(Goldberg et al., 2002). This indicates that over time, people started to look at other pieces of
information on a website, even though initially, they only focused on what was located on the top
left. Our study aligned with the findings of the previous eye tracking study, since Number of
Insertion Attempts was located on the top of the screen and Percent Aspiration was on the
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bottom right. This indicated that participants might have naturally focused more on the top parts
of the screen (Number of Insertion Attempts and Total Grade) but over time, they started to pay
more attention to the right-hand side of the screen, particularly the Percent Aspiration AOI.
The second research question sought to determine how performance using the DHRT
system changed throughout training, and how this related to what people looked at on the GUI. It
was hypothesized that participants would improve their skills in all AOIs, and that participants
would improve their performance primarily in session 2 rather than session 3. Additionally, it
was hypothesized that there would be a direct relation with what people were looking at and how
they performed. The results indicated that all participants improved to standard performance by
trial 22. Additionally, strong learning curves were evident for all areas of interest, but at different
times. Conclusively, Percent Aspiration, Insertion Angle, and Total Grade had strong learning
curves for session 2, but no significant learning curve for session 3. Number of Insertion
Attempts had a significant learning curve in both sessions, and Distance from the Center of the
Vein had no learning curve for session 2 and a significant learning curve for session 3.
Since Percent Aspiration, Insertion Angle, and Total had significant learning curves in
session 2 but none in session 3, this indicated that participants might have been able to
successfully retain their skills from the previous training session. This supported the hypothesis
that participants would display significant learning towards the beginning of the training, but less
so towards the end. Since there was no significant learning in session 3, this shows that there was
a negligible amount of remission from trial to trial. Number of Attempts had a significant
learning curve in both sessions, which indicated that this might have been a difficult area for
participants to reach proficiency on. Since learning took place in both sessions, this could imply
that participants still struggled with inserting correctly in one attempt. Distance to Center
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provided an insignificant learning curve in session 2 but did show significant learning by session
3. This went against our hypothesis that all areas of interest, if they had a learning curve at all,
would show it in session 2 rather than session 3.
Finally, in terms of correlation with fixation duration, there was no statistical difference
in fixation duration from sessions 2 to 3 for Total Grade and Insertion Angle, yet participants
improved more in the first session. There was no statistical difference in fixation duration
between sessions for Number of Insertion Attempts or Distance to the Center of the Vein either,
yet participants continued to show improvement for Number of Attempts in both trials, and
improvement for Distance to Center only in session 3. Participants fixated more on Percent
Aspiration during session 3, though they improved most significantly during session 2. Thus,
these results indicate that there was no strong correlation among performance and fixation
duration, contrary to our previous hypothesis.
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Chapter 6
Recommendations and Future Work
The results from this thesis indicated that training on a robotic simulator like the
Dynamic Haptic Robot Trainer (DHRT) did provide substantial performance gains in the Central
Venous Catheterization (CVC) procedure. These results also indicated that participants focused
more on certain Areas of Interest (AOIs) versus others, but it was unknown whether that
difference in fixation duration was due to the importance of certain AOIs over another or due to
the placement of each AOI on the feedback screen. This thesis also did not find any correlation
between performance gains and eye gaze patterns. Additionally, this study had many limitations.
The study only eye tracked seven right-handed, non-glasses wearing participants and did not
discuss usability testing or testing for rework. Thus, it was unknown whether these results were
findings specific just to those seven participants, or whether these findings were indicative of all
user performance on the DHRT system.
With these considerations in mind, there are many areas for future work. Future eye
tracking studies with the DHRT system should test the usability of the GUI and allow for a
redesign of the system, to determine if a new layout shows improvement in participant
performance. Additionally, moving around the location of the AOIs on the feedback screen and
running the same procedure as this study would help determine if participants focus on certain
AOIs more because they provide the most valuable information, or simply because of their
placement on the feedback screen. Studies that eye track participants and where they look during
the training (instead of just on the GUI) may help determine the alignment of participant
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performance and eye gaze points, to see how useful eye tracking is in determining participant
performance. Finally, redesigning the GUI and replacing the “case difficulty” metric with a “time
to complete” metric may provide participants with additional information related to their
performance. Follow up studies could be conducted to see how beneficial this change is.
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Chapter 7
Conclusion
The goal of this thesis was to evaluate the effectiveness of the DHRT system by
evaluating user eye gaze patterns and analyzing how they related to user performance. To do
this, a study was conducted with seven medical residents at the Hershey Medical Center (HMC)
during the summer of 2017. Seven participants who were right handed and did not wear glasses
were eye tracked through the duration of their training on the Dynamic Haptic Robot Trainer
(DHRT) system. The results showed that overall participants fixated less on the graphical user
interface (GUI) with each subsequent training session. Participants tended to look more at the
Total Grade, Number of Insertion Attempts, and Distance to Center AOIs, but it was unknown
whether this was because these Areas of Interest (AOIs) contained more important information
than others did, or simply because of their placement on the screen. Additionally, there was no
significant difference for time participants looked at each AOI from session II to session III,
except in the case of Percent Aspiration and Number of Insertion Attempts. Participants looked
more at Percent Aspiration in session III, and less at Number of Insertion Attempts in session III.
This indicated that placement of information might have played a factor in where participants
looked on the screen initially, but over time, participants focused their attention on other pieces
of information on the GUI. Participants also all improved to standard performance in all AOIs
by the end of training, but learning curve results for each AOI were mixed (there was a strong
learning curve in session II but not III for Angle of Insertion, Percent Aspiration, and Total
Grade, vice versa for Distance to the Center, and strong learning curves in both sessions for
Number of Insertion Attempts). Additionally, there was no strong correlation between eye gaze
patterns and performance gains. This thesis strongly suggests that robotic simulation does
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improve resident performance, and that there was a pattern in the types of AOIs users tended to
focus on. Implementing more training sessions like the ones conducted in this thesis can improve
surgical skill in Central Venous Catheterization, and lead to less complications during placement
on actual patients.
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Appendix A
Study Data

Patient
Name

Doebuck,
James

Race

Preexisting Symptoms & Notable
Sex Age Conditions Features

African
American M

Shoemocker,
Ashley
Caucasian F

Johnston,
Helena

Miller,
Vincent

Sparrow,
Timothy

Nash, Jeff

Hispanic

Asian

F

M

Caucasian M

Caucasian M

Description of
Anatomy
Large vein size,
widely space
vessels, average
vein depth

66 N/A

Closed head injury after
motor vehicle collision

15 N/A

Somnolence, Severe
electrolyte
abnormality,
average vessel size,
Ingested large quantity of average vessel
prescription medications depth, thin skin

39 N/A

28 N/A

25 N/A

25 N/A

Thin patient

Unable to obtain
peripheral access,
shallow vessels,
average vessel size,
thin skin

Thin patient

Needs
plasmapheresis,
shallow, large,
overlapping vessels

Closed head injury after
skateboarding accident

Central line needed
for hypertonic
saline and possible
vasopressors,
shallow &
overlapping vessels,
deep artery

Gunshot wound to the
abdomen

Significant blood
loss, tachycardia
and hypovolemic,
average vessel
depth, difficult to
identify vessels
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Level 1 trauma after
vehicle collision, left
open femur fracture
requiring operative
management

Contracted vessels,
muscular neck
tissue, overlapping
vessels

Requires dialysis

Multiple scars from
previous CVC
access sites, tough
skin, tough tissue,
average vessel
depth, average
vessel size

End stage
kidney
41 disease

Severe hyperkalemia,
requires dialysis

Deep vessels, large
amount of adipose
tissue, overlapping
vessels

62 N/A

Multiple injuries after
falling off roof,
hemodynamically
unstable

Tough skin,
contracted &
shallow vessels

Smith, Anna Caucasian F

82 N/A

Severe dehydration,
bowel obstruction,
hemodynamically
unstable

Thin skin,
contracted,
overlapping & very
shallow vessels

Steinlan,
John

Morbidly obese,
necrotizing fasciitis,
Diabetes
requires CVC prior to
Mellitus,
debridement and
33 COPD, CHF hemodynamic support

Wilson, Alan Asian

Stevenson,
Kawhi

Gonzalez,
Jessica

M

African
American M

Hispanic

F

Washington, African
Simone
American M

Caucasian M

24 N/A

minimal
change
44 disease

Overlapping vessels
& large amount of
adipose tissue
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Castell,
Heather

Brown,
Christina

Hispanic

F

African
American F

Zhang, Colin Asian

M

Atrial
fibrillation,
DM,
peripheral
vascular
disease,
Diabetes
Obese, massive
52 Mellitus
hemochezia

Contract, deep,
slightly overlapping
vessels

65 N/A

Obese, difficulty
obtaining stable IV

Abnormality, thick
skin, deep vessels,
large amount of
adipose tissue

67 N/A

Been in ICU for several
days after a motor vehicle
crash. Edematous, acute
renal failure, requires
CVC for acute
hemodialysis

Abnormality, artery
lateral to vein,
average vessel
depth, average
vessel size

Deep vessels, large
amount of adipose
tissue, collapsed
vein
Average vessel
depth & size

Jacobsen,
Devin

Caucasian M

65 CHF

Morbidly obese,
intubated, very thick
neck, extremely
edematous

Carr, John

Caucasian M

29 N/A

Average height and
weight

Patient Profiles for Hershey Study
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