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Glossary

Area of Interest (AOI) is defined as the region of visual environment or display of interest for
the study (Lupu & Ungureanu, 2013). For the current study, this refers to the area where the

pathology is located.

Canvais anonline design application that enables both individuals and businesses to produce a
variety of visual content, such as flyers, posters, presentations, logos, social media posts, and

graphics.

Eye-tracking is a technique in which the location of the eye is utilised to establish a {xegsae
direction at a particular moment as well as the sequence of their mogémgnt & Ungureanu,
2013). It has also beeecognisd and utilised as a tool for studying an individeadisual attention

(Miseviciute, n.d).

Fixation refers to the ey steady condition at a single point of regard (Alemdag & Cagiltay,

2018).

Fixation duration is a term that is widely used to describe the amount of time spent gazing at an

area of Interesfl{obii Studio Useis Manual Version 3.3.22015).

Gaze behaviours the eye movements performed by an individual when performing a task at hand
(Ziv, Lidor, Zach Brams& Helsen 2020) For the current study, that is when examining the chest

X-ray images.
Gaze plotsrepresent gaze patterns (Lee et al., 2022).

Heat mapscan be used to visualize blind spot identification (Lee et al., 2022).
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Lesionis a part in a tissue or an organ that has endured harm through disease or an injury, for

example, a tumour, abscess, ulcewound (Rendon et al., 2015).

Pathology relates to the general study of disedsaims to identify theaetiology (cause) and
pathogenesis (underlying mechanisms) of the disease while describing its symptoms, progression

andoutcomes (Reid, Roberts & MacDuff, 2011).

Radiography is a field that combines patient care safety with technology in one coherent practice

(MalamateniouKnapp PergolaWoznitza& Hardy, 2021).
Saccadesefer to the rapid movements of gaze between fixations (Alemdag & Cagiltay, 2018).

Time to First Fixation is the time it takes for the participant to fixate on an AOI for the first time

after the stimulus is displayed (Poole & Ball, 2006).

X-ray is a type of electromagnetic ray and interpretation of quantum mechanics (Behling, 2021).
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Abstract

Eyet racking technology is used in medical I mag|
visual searches. Eyteacking technology helps radiographers analyse chastyXmages by
comparing gaze behaviour of experts and novices, assessing thiéesain analysing these
frequently conducted examinations. This study aims to utiliseragking technology to train
radiography students to correctly analyse chestXy | mages. Additionall vy,

is to reveal t hHrendsdtringdapatysiss 6 habi ts and

To ensure that the best stimuli were selected for the study, a pilot study was conducted at the
Central University of Technology (CUT). Participants were randomly selected from the
Department of Clinical Sciences and were not part of the main study-dfatijrstyear students

and 23 fourthyear students at the same university were recruited. This study adoptpasipre
experimental design, where the figgar group will participate in the study before and after the

demonstration of the fourtyearstué Nt s gaze behaviour.

The study reveals differences in gaze behaviour between experts and novices irraliéstage
analysis. This suggests that structured instruction based on expert gaze behaviour can assist
novices to focus on correct pathological elements during ches Knage analysis. Additionally,

the study reports the students6é habits and tr

In conclusion, the study demonstrates the effectiveness of understanding the gaze behaviour of
novice and expert radiographers. Therefore;tegeking demonstrates that it can be of assistance
to improve the performance of novice radiographers. Additiprthle integration of ey&racking

and radiography enhances education, training, and diagnostic procedures, and provides valuable



gui dance for |l ecturers, enhancing gaze beha

performance.



Chapter I Introduction

This chapter will provide an overview of the study. It will discuss the background information, the
problem statement, research amdthe objectives. Additionally, this chapter will focus on the
research methodology, hypotheses, study outline, significamtimitations of the study. This

will provide the reader witkhe purpose of the study.

1.1 Background

The most common examination in diagnostic radiography is a chesy ¥Baret al, 2015)
however it remains subject to frequentisinterpretation(Warrenet al., 2023)Chest Xrays are
important for managing different diseases that are related to mortality (Bar et al.,, 2015).
Differentiatingabnormalitiefrom structures of the mediastinum, pulmonary arteries, banes
other complicated structures of the chesi) is a challenging task for radiographers (Del Ciello

et al, 2017).According toMoncadaet al. (2011)the qualitative interpretation of chestrays is

very subjective and differs from observer to observer

The issues related to-day misinterpretationsiay causenedical malpracticewsuitand can have
grave negative effects on patiefarrenet al., 2023)Similarly, the frequency of missed lung
cancer cases a serious concelnd asubstantial medicolegal challen@@2el Cielloet al, 2017)
Lung Cancer has a very bad prognpsigh an average survival duration of less th@months
(Hua Hsu Hidayat, Cheng& Chen 2015) Thus, detectindung lesionsearly improvesthe
chancesof survival (Hua et al. 2015). Additionallydentifying overlookedabnormalitiesand

understandingheir causes is essential to developing preventative medsviaeen et al., 2023).



Human beinggerceivemost information through their eyes, for example, when executing a
professional task and when learning (Jarodzka, Holmqvist & Gruber, 2017). Chest radiography is
frequently requested as a primary examination for a variety of illnesses (Mdletshe, NigfcRain

& Lawrence, 2019). As a result, the student radiographer must develop pattern recognition skills
to analyse chest images during training (Mdletshe et al., 2019). Therefore, computerised eye
tracking has been utilised to evaluaeadiographeis capabity to interpret X-ray images

(McLaughlin, Bond Hughes, McConnell & McFadden, 2017).

Eye-trackingmonitorsthe position, movement method, and order of gaze throughout (@&sér

& Luke, 2020) Eye tracking makes it possible to study attenporcessessuch as whiclareas
participantsfocused on first and for how long, what is focused on next and for how long, how
often attention switches betweareas and how different parts are related to one another during

theseattentionakchangegAlemdag & Cagiltay, 2018)

Eyetracking has beeutilised to supply feedback on the process of image interpretation and to
provide an understanding on the image interpretation process (McLaughlin et al. N@y&®)er,
eye-trackinghas been used to analyse the differences in gaze patterns between experts and novices
and how novices can be trained (Venjakob & Mdllmoms, 2015)With the development of eye

tracking technology, it is possible to measure visual search behaviour, evaluate cognitive

processes, and examine how well pedpterpret stimul{Arthur & Sun, 2022)

Eye tracking is widely utited in medicine for assessing the visoahaviourof expertgyBorys &
PlechawskaNojcik, 2017) Eyetracking is a prominent technique in medical imaging that reveals
how recognition and visual search tasks are conducted, offering informationah&nhance
human performance (Lévéque, Bosmans, Cockmartin & Liu, 2@&3per understanding of

visual interpretation and diagnostic decisioaking has been made possible by medical research

4



in severalareas, including radiology, pathologyaediatrics surgery, and emergency medicine
(Brunyé, Drew, Weaver & Elmore, 2019)he current study focuses bowto train radiography

students to focus on the correct elements durireyxmage analysigsing eyetracking.

1.2. Problem Statement

Lecturers find it difficult to structure their guidance for students when analysing chest X
images for pathologies (Kok, Geel, Merrienboer & Robben, 2017). Analysing a chegi{age

for pathologies is difficult because the information is rich aredun be a challenge to select the
right information (Bar et al., 2015)Vhen analysing chest-Kay images, one of the biggest
challenges is that thre#imensional(3D) structures are superimposed and shown in a two
dimensional(2D) plane, making interpration more difficult(Gefter, Post & Hatahu2023)
Literature on understanding radiological symptoms on the cheaal Xmages is insufficient
scarceandoften too succinct in textbooks (Delratal., 2011).Eyetracking revealed that students

do not fixate on the correct areas of interest (AOI) when analysiay ¥nages (Turgeon, 2014),
whereas experts tend to fixate on the correct area (S&Rehnexzat al, 2016). When compared

to novices, experts fixate on images for a brief period of time and have more and faster fixations
(Richter, Scheiter, Eder, Huettig & Keutel, 2020). Therefore, methods that include analysing skills

of expert radiographers are reauarto gain essential skills and to interpreta)t images correctly.
1.3. Research Aim and Objectives

1.3.1 Research Aim

This study aims to use eyeacking technology to guide radiography students on the correct

elements to visit when analysing the chesa}{images and how to correctly identify pathologies.



1.3.2 Research Question

The research question below was formulated to address different formats, namely:

1 Relationship: The relationship between noqgarepost eye movementgasevaluated after
the novices have watched the eye movements of the experts. For this study, fourth year
radiography students were used to represent a group of experts while first year students were
regarded as novices when examiningay images.

1 Descriptive comparative: The same stimuluss used to test the novice before and after
training.

1 Causality comparative: The research question aims to test the effect of radiography experts

gaze behaviour on novice radiographers when analysiray ¥nages.

The research question to be addressed in this study is:
To what extent does the gaze behaviouexgertradiography studentsinfluence the gaze

behaviour of radiography students when analysing chealyXmages?

1.3.3 Research Objectives

The aimwasachieved through the following specific objectives:

A To collect gaze behaviour data from novice and expert radiography students.

A To analyse the gaze behaviour of the firsar students before and after watching the gaze
behaviour of experts to inspect whether there was a difference in their gaze behaviour. To
determine whether the gaze behaviour of experts influences the gazebebbstudents.

A To report on possible trends and strategies that novice radiographers use to analyse an X

ray image.



A To providean insightto radiography lecturers on hdahwe use okyetracking technology

can benefitadiography studentiuringtraining.

1.4. Hypotheses

The studywas conducted to test the following hypotheses i Tr ai ni ngo i n this
students watching the gaze patterns of expert radiographers when analysing differentrajzest X

images.

Ho,1: There is no differenca the ability offirst yearstudentgo compaethe two lungs inachest
X-ray imagebefore and after trainingStudents are required to inspect both lungs when analysing
chest Xray image.The measurement being evaluated is their ability to successfully cothpare

two lungs which requires them to gaze at both lungs.

Ho,2: There is no differenci the ability offirst yearstudentdo check costophrenic anglés a

chest Xray imagebefore and after trainingrhe students are required to check costophrenic angles
for any abnormalities to determine the type of pathologies preSaments must assess the
complete visualisation of costophrenic angl€Beir ability to analyse costophrenic angles for
abnormalities is being evaluated, including identifying pathology on the costophrenic angles,

requiring both lungdcostophrenic angles to be gazsd

Ho,3: There is nalifferencen the ability of first year students to identify a pathology on a chest X
ray image before and after traininghe students are required to analyse the chestyXmages
and identify the pathology present on the imaljee assessment evaluates studsdisynostic

ability in accurately identifying chest-Kay pathology.

Ho4 Time to First Fixationon the pathologyn a chest Xay image(if present) of first year

studentss not lessaftertraining than it was beforéraining. Participants must focus on the correct
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AOI to identify pathologies. The metric dime to First Fixationindicates how long it took the

participant to fixate on the correct AOI for the first time after the stimuli were displayed.

Ho,s: Duration of Fixationon the pathologin a chest Xray imageof first-yearstudentss not less
after training than it was before trainingThis metric indicates how long each fixation lasted

within the AOI that covers the pathology.

1.5. Research methodology

Previous studies compared the gaze behaviour and the visual search patterns of expert and novice

radiographers (Lévéquet al, 2018).

Experimental design, which includes experiments and observational studies, are commonly used
for eyetracking studies (Duchowski, 2007). For the current study, s®es$onal desigwasused,

where data from the firgtear students is compared to that of the foyahr students.
Additionally, the general prpost experimental design is choseand the same students

participatel in the study before and after the gaze behaviour of the experts is demonstrated to them.

The gaze behaviour of novice radiography students will be analysed after they studied a set of X
ray images.The gaze behaviour of expert radiographems then shown to the novice

radiographers and the gaze behaviour of the nowessaptured and analysed again.

1.6.Significance of the study

As stated in Section 1.2, this study is worth doing to guide radiography lecturers on how to
structure their lessons when it comes to analysing and interpreting ¥nages. The lecturers

will be able to reflect on their previous lessons with referenegddracking recordings.



The study will investigate to what extent the gaze behaviour of experts influence the gaze
behaviour of novices when analysing chegia) images. The study will then provide guidelines

to lecturers on how to teach novices to analyse cheay Xmages fopathologies.

1.7. Delineation and limitations

This study will not deal with developing a learning platform for radiography students, but it will
provide guidelines to radiography lecturers on how to useteeking technology to train

radiography students.

1.8. Outline of the dissertation

Figure 1.1 below presents teuctured progression of the study, dividew iiive chaptersThe
figure was ceated by the autharsingCanva which is anonline design application that enables
both individuals and businesses to produce a variety of visual content, such as flyers, posters,

presentations, logos, social media posts, and graphics.

Literature
Review

FIndings

&/

Introduction Research Conclusion
Methodology

Figure 1.1: Chapter overviecreated by author)

Chapter 1 is an introdumty chapter and provides the purpose of the study. This chapter dscusse
the background informatioandreviews the problem statement, research aina objectives. In

9



addition, the chapter focuseon the research methodology, hypothesis, study outline, the

significanceandthe limitations of the study.

Chapter 2 focusson previous studies related to eyacking and radiography. This chapodiers

the reader a theoretical foundation relevant to the study.

The research methodology implemented in the stadyiscussed in Chapt& This chapter
focuses on the methodological approach, data collection methods, data analysis metdods
ethical procedures. This chapter also disesibe pilot study and elaborate on the research design
and the methodology used, which includes (i) the design; (ii) the selection process afathe X
images; (iii) how thedatawascollected and analysed; (iv) the ethical procedures followed; and
(v) limitations. A pilot study vasconducted to ensure that the most suitable stimuli are used for

the study.

The findingsarediscussed in Chapter 4. This chapter will review the methods of data analysis and
data presentation, the relevant data analysis results and it will also test the hypotheses. Lastly, the

chapter will present the summary of results.

This studys final chapterChapter 5, will provide a thorough summary of the findings. It will
address the research problem and revisit the hypothesis. The objectives of the study will be
reassessednd recommendations foimplementation will be presented. The chapter will also
include a summary of the stuiycontributions, a discussion of the limitatemmdsuggestions for

future research.
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1.9 Summary

This chapter gives a brief introduction to radiography anetmgking, which are the fields that
will be explored in the study. It discusses the resequestionsresearch ainandobjectives; it
also reviews the problem statemdnalsooutlines the other chapters that will be covered in this

study. The next chapter will discuss other literary works that are related to the current study.
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Chapter 2 Literature Review

The previous chapter has given the reader an overview of the whole disseftaisonhapter
focuses on an exploration of secondary literature. It will also provide an overview of previous
work in the current field. This chapter discusses radiography artssy@ng. It gives an overview

of different chest pathologies and how tolgea chest Xray images to identify those pathologies.

It discusses imaging signs, as well as the diagnostic errors that novice radiographers make during
X-ray analysis and trmoncomitanthallenges. Ey#racking applications are discussed later in the
chapter. Furthermore, the literature on howtgeking can benefit the radiography fielkddhow

eyetracking can contribute to learning, is discussed.

2.1. Introduction

Misinterpreting a chest-Xay by failing tomake an early detection abnormalities contributes to
delayed diagnosis and treatment (Botelho et al., 2020). Early detection of abnormalities is crucial
for medical professionals (Botelho et al., 2020). It is important to correctly interpret a etast X
since it is commonly uskin radiography for lung and other examinations (Quen, Mountstephens,
Teh, & Teo, 2021). Necessitating teaching methods that promote the production of- pattern
recognition skills for anatomical areas is crucial (Mdletshe et al., 2019). One approachito do t

is to utilise eyeracking to examine how radiographers analyse images (Venjakob &-Mello
Thoms, 2015). Medical care professionals can enhance thiay pattern recognition by utilising

eyetracking technology to observe the gaze movements captured.

Gaze duration, gaze patteanddwell time help us understand the logic behind false negative and
false positive radiological diagnoses (Botelho et al., 2020). Following visual search patterns of

novices on Xray images can create large data sets that can assist in understanding trehladi
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misdiagnosis (Botelho et al., 2020). Through-&geking, it is possible to track studedgsize on
known abnormalitieon X-ray images (Quen et al., 2021)tilising eyetracking allows the
correction of common mistakes during medical training -tegeking technology provides useful

tools for improving understanding and correcting diagnostic errors in radiography.

A major goal of medical imaging research is to investigate the cognitive processes, visual search
and perception of radiographers (Venjakob & Mellboms, 2016). The goal is to improve
diagnostic performance by understanding these characteristics better (Venjakob & veilis,

2016). Previous ey&acking studies have covered a variety of research aneahighlighted
radiographei® cognitive processes, reading strategasl perceptual processes (Venjakob &
Mello-Thoms, 2016). The current study highliglthe possibility of training novice radiographers

based on the gaze behaviour and visual search patterns of experts.

2.2. Radiography

2.2.1 Background

Diagnostic radiographers are usually the primary clinical imaging experts to engage with patients
after they arrive for imaging examinations (DeMaio et al., 20R8dliographershereforehave a
responsibility to prepare examinations and guarantee that suitable medical imaging strategies are
followed (DeMaio et al., 2019¥-or thisreasonradiographers need adequate training when it

comes to Xray analysis.

Analysing a chest Xay may seem easy but it is a complicated process that insauggsyand

a clear knowledge of chest anatomy and pathology (Puddy & Hill, 2007). Radiographers are
required to understand the anatomy of the body part being scanned since this information will help
them identify pathology and evaluate how it affects theyXimage(Sebelego, Van Der Merwe
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& Du Plessis, 2019). Instead of only looking at the whole image, it is best toaheistye gaze
to specific areas, since yawme unable to pick up anomalies in your peripheral vision (Puddy &
Hill, 2007). Radiographers must establish a search pattern and focus on areas of diagnostic

significance when analysing thergy images.

X-ray imagesieed to be observdrbquently tomprovetechnical skills and the production of X

ray images (Enfinger, 2015). Firstly, the problem must be identified, then the radiographers can
find solutions to the problem (Enfinger, 2015). Radiographers need to be clinically ready and
educationally preparea tperform their duties (DeMaio et al., 2019). It is, therefore, crucial to
understand the basic physiological and anatomical techniques to be able to analyag enmage

correctly (Delrue et al., 20).

2.2.2 Pathologies

Pathology is the study of diseaS8esause, developmeind effects Nakagawaet al., 2023). In
addition, pathology also relates to the general study of disease, it aims to idensiétithagy
(cause) and pathogenesis (underlying mechanisms) of the disease while describing its symptoms,

progressiorandoutcomes (Reid, Roberts & MacDuff, 2011).

Radiographers must have fundamental knowledge and comprehension of pathology, especially on
how pathology affects exposure factarglhow pathology appears on ther&y image (Sebelego

et. al., 2019). Knowledge of pathology provides the examination purpose and indicates which

structures should be included to best illustrate a given pathology (Sebelego et. al., 2019).

Accordingly, imagingexperts must know how to thoroughly analyse theayX images and

interpret pathologies correctly.
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This study focuses only on the following pathologies: lung cancer, pneumonia, pneumothorax,
pneumehaemothoraxand pleural effusionThese conditions offer a thorough framework for
assessing visual search behaviours and cover a broad spectrum of lung diseases with differing
diagnostic difficulties. Ganesan et al. (2018) state that enhaabmgrmalitydetection requires

an understanding of the elements that affect cliniGamsual search patterns. Furthermore,
research such as that conducted by van der Gijp et al. (2017) emphasizes how crucial visual search

patterns are for radiological diagnosifiese pathologies are discussed below:

2.2.2.1Lung Cancer

Lung cancer is a distinct disease with numerous genetic changes-Sadehii, Paul, Dubinett,

& Liu, 2020). Not observingung cancer is a subject of worry amongst imaging specialists and a
significant medicolegal issu®¢l Ciello et al., 2017). When lung cancer is suspected, a chest X
ray is an initial investigation to be conducted (Panunzio & Sartori, 2020). In RAdurthe chest
X-ray image illustrates lung cancer presemcéheleft lower lobe Appendix A represents lung

cancer images that weused in the study.

Figure 2.1: Chest xay shows lung cancén the left lower lobgFile:Chest Xray.Jpg2016)
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2.2.22 Pneumonia

Pneumonia is a pulmonary infection that causes lung consolidébas & Howlett 2009).
Consolidation means that the air sacs of the lungs (alveoli) are filledevide material and appear
whiter (Panunzio & Sartori, 2020Rneumonia is typically detected through an examination of a
chest Xray image (Gabrusey®&oplavskiy Kalinin, 2020). The ability to identify symptoms of
pneumonia on the chestrdy will assist readers in assessing suitable treatment in the [Dase

& Howlett 2009). As a result, knowing the appearance of pneumonia on the etssisXritical

for the good treatment of this common dise@d3as & Howlett 2009). Figure 2.2 illustrates the

presence of pneumoniaboththeleft lungand the right lungAppendix A represents pneumonia

Pq

‘ l

Figure 2.2: Chest Xay shows Pneumonia both the left lung and the right lurfad_doc, 2013)

images that were used in the study.

2.2.2.3Pneumothorax

The presence of air in the pleural space is referred to as pneumothorax (Ellis & Flower, 2006).
Pneumothorax is a lifehreatening condition that necessitates prompt communication and action
(Goossen et al., 2019). Early detection is critic@rderto prevent substantial morbidity or patient

mortality (Goossen et al., 2019). In Figure 2.3, the chestydmage illustratethe presence oh
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pneumothoraxn the left lung Appendix A represents pneumothorax images that were used in the

study.

Figure 2.3: Chest Xay shows Pneumothoramx the left lung(Sourced from department picture library)

2.2.2.4Pleural Effusion

A pleuraleffusion is the accumulation of extra fluid between the pleura walls surrounding the lung
(Serte, & Serener, 2020). Common causes of pleural effusion include cancer and pneumonia
(Serte, & Serener, 2020). In Figure 2.4, the chesayXimage illustrates thpresence of pleural
effusionin the rightlower lung. Appendix A represents pleural effusion images that were used in

the study.
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Figure 2.4: Chest Xay shows Pleural effusian the rightlowerlung (Panjwani & Zaid, 2017)

2.2.2.5Pneumehaemothorax

A pneumehaemothorax is a buHdp of blood (haemothorax) and air (pneumothorax) in the
pleural cavites which refers to the membrane that surrounds the lungs (MD Anderson Cancer
Center Madrid, 2023 he pleural cavityis made of two layershe parietal pleura, whidbhorders

the diaphragm and the thoracic wahdthe visceral pleura which is tHayer of pleura that
surroundghe lung parenchym@urstiner& Khalili, 2023).Figure 2.5 illustrates the presence of

a pneumehaemothoraxn theright lower lung. Appendix A represents pneurhaemothorax

images that were used in the study.
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Figure 2.5: Chest Xay shows Pneumbaemothoran the rightlowerlung (Sourced frondepartment picture

library)

2.2.3 Imaging Signs

Radiological signs form a collection of related pathologies or symptoms of a disease that can be
visible on computed tomography (CT) or a plaimay (Kumaresh et al., 2015). This study fedu

on the plain chest radiograph which is referred to as the chest. X

The silhouette sign was first defined and published in 1950 by Dr. Ben Felson (K&akiani,

2019). Both Puddy and Hill (2007) and Khajatiad Rumi(2019), recognised it to be among the
valuable sign®n the chest Xay. The cardiovascular silhouette is the outline of the heart shadow
as observed in the anteroposterior (AP) (fmAback) or posteroanterior (PA) (batdfront)
projections (Khajoti& Rumi, 2019). The silhouette sign defines the absence of a normal lung or
fisilhouett® created by anyagthology that dislocates or replaces the healthfjld lung (Puddy

& Hill, 2007). It also portrays the loss of the typical heart outline because of any effects of diseases
that take over ordinary afilled lung tissue (Khajoti& Rumi, 2019). If the cardiac silhouette is

lost, it could indicate lung disease but if the cardiac silhouette changes in shape and size, it is a
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sign of heart disease (KhajoaRumi, 2019). Tk signin referenceas usually used to check the
mediastinum, heart, diaphragand chest wall (Puddy & Hill, 2007). In essence, medical

professionals use the silhouette sign to identify and locate abnormalities on the-cigst X

2.2.4 Analysing Xray images

Radiographers should assess if thea}{ images acquired are best, as thmyXimages play an
essential role when diagnosing patients (Sebelego et. al., 2019). Therefore, radiographers must
ensure the correctness of technical exposure and positionirysfd&ebelego et. al., 2019).
Additionally, it is crucial to include the Area of Interest (AOI) (Sebelego et. al., 2019); which
refers to the specific region of focus for the particular study (Lupu & Ungureanu, 2013). For the
current study, it refers to ¢harea where the pathology is located. The chesly)areas that must

be included during imaging are (Bontrager & Lampignano, 2017):

1 Thenapex which refers to the upper, rounded region of each lung above the collarbones.
They must be visible on chestrdys.

1 Theificarinap which can be seen as a point ofrays where the trachea divides into the
right and leftmainbronchi.

1 Thenbaseérefers to the lowest, concave portion of each lung that lies on the diaphragm.

T A fAdi aphr ag miayernthat diagdeshe €hest froe t@dominal cavity

1 Theficostophrenic angtes the peripheral lower corner of each lung, where the diaphragm
and the ribs meet. Fluid accumulation can be seen at these costophrenic angles.

1 To identify any problems, @ critical to take chest-Xays that include both the highest

regions (apices) and the lowermost corners (costophrenic angles).
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1 Each lung has a central part called théumo or firoot regiom where the blood vessels,

bronchi, nervesndlymph vessels enter the lung and leave.

In summary, radiographers need to know and understand these AOIs to be able to correctly analyse
chest Xrays. Additionally, it is crucial to understand the basic physiology and anatomical
techniques and limitations to be able to analyseyimages cordly (Delrue et al., 2011).
Radiographers should significantly evaluate eaetay)kimage for the following (DeMaio et al.,

2019):

A Artefactsi The undesirable Xay image components that do not correspond to the
anatomy of the patient and can impair the indagdagnostic accuracy (DeMaio et al.,
2019). It is crucial to ensure there are no obstructions before taking axXchestThis
involves taking off any clothing that has buttons, hooks, soapther objects that could
appear as a dark shadow on amaX image (Bontrager & Lampignano, 20139 thathe
X-ray can clearly show a patiémtchest without any artefacts interfering (Bontrager &
Lampignano, 2017).

A Positioning accuracy The accurate centring of the body component is critical while
positioning. Because -Xays deviate as they exit the-rdy tube, radiographers must
guarantee the centre anatomical structure concerning the image receptor (Sebdlego et. a
2019).

A Technical factor§ To capture the needed details of the lung markings, the kilovoltage
(kV) must be set at high-level during X-ray imaging (Bontrager & Lampignano, 2017).
When conducting chest-Kys, a low contrast setting is utilised, resulting in different
shades of grey. To achieve this, a high kV setting is typically used, usually between 110

and 125 (Bontrager & ampignano, 2017).
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A Technical exposure factoisThe kV range works like a power setting for therays.
Setting it too low will result in higitontrast imageandthis will not adequately display
the lung markings, making it difficult to view the details behind them (Bontrager &
Lampignano, 2017). However, setting the kV too high will make the heart and other vital
areas appear too dark (Bontrager & Lampignano, Rahérefore, striking the appropriate
balance is crucial.

A Underexposuré causes quantum noise in thaa§ image, which can impair the capability
to see the detailed anatomical structures (DeMaio et al., 2019).

A Overexposuré causes loss in visual contrast all over the image, because of the increased
radiation impacting the image receptand the image has a greyedt appearance
(DeMaio et al., 2019).

A Exposure time and Milliamperage (mAWhen taking chest Xays, it is crucial tautilise
a high mA and maintain a short exposure time, to prevent blurriness caused by motion
(Bontrager & Lampignano, 2017). Additionally, ensure that the lungs and the mediastinal

structures appear clear and bright on theays (Bontrager & Lampignano, 2017).
There are two ways in which a chesta§ can be examined (Bansal & Beese, 2019):

A Direct search: a technique whereby a particular pattern of inspection is followed.

A Free global search: a technique whereby amyXis examined without a biased pattern.

Figures2.6, 2.7, 28, 29 and 2.10 presentedelow demonstrates the A®Iwithin the images
discussed in Section 2.2.Phe ed circles clearly mark the AOls, which show the exact locations
of the chest Xray images where thmathologesarelocated These are the areas the radiographers

need to know and understaddringchest Xray analysis.
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Figure 2.7: AOI orPneumonia Xay image
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Figure 2.8: AOI on Pneumothoraxrdy image

Figure 2.9: AOI on Pleural effusion-iy image
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Figure 2.10: AOI on Pneumbaemothorax ay image

2.2.5 Types of Diagnostic Errors

The 2015 papefiEnhancing Diagnosis iklealthcare by the National Academies of Science,
Engineeringand Medicine outlines diagnostic errors as the inability to accurately diagnose a
patients health conditions (Royce, Hayes & Schwartzstein, 2019). Radiographers are the main
source of errors (Liagat et al., 2021). Workplace disruptions can negatively impact radiographer
performance, leading to errors and inadequate educational and traingmgnpso (Liagat et al.,
2021). This study aims to identify and address diagnostic errors caused byuatadegining

among radiographers by capturing expert eye movements and using them to train novices.

2.2.5.10bserver error
Observer errors may result in interpreting normal anatomical structurgsaétsoébogyor failing
to identify subtleabnormalities(Drew, Vo & Wolfe, 2013) leadng to falsepositive or false

negative readings (Delrue et al., 2011). In a faissitive reading, a discovery that does not mean
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anything in pathology will be interpreted as abnormality in the event of a falseegative

reading, a abnormalitymay be interpreted as normal (Delrue et al., 2011).

2.2.5.2Cognitive error/Perceptual error

Perceptual errors lead to most misdiagnoses in medical imafuege are errors in detecting
abnormalitiesandcan be caused by incorrect visual search and cognitive predisposition (Van der
Gijp et al., 2017). The cognitive error can be associated with issues of visual percepgtion
interpretation, recognitioandscanning (Lee, Naggy, Weaver & Newman, 20C8)gnitive errors
occurs vinen an imaging specialist fails to identify a pathology although they fixated on it for
longer than required for recognition (Ludwistrnad Bierhals& Mellnick., 2022). For example,

when diagnosing a chestrdy, an imaging spediat may miss gathology(Lee, et. al., 2013).
Categories of perceptual errors (Delrue et al., 2011):

A Not noticing a lesion at all.
A Looking at the lesion for a long time but failingrecognisehat it is a lesion.

A Looking at a lesion for a short time and failing¢gognist.

2.2.5.3Search error/Scanning error

A failure to focus on a key area of a stimuli indicates a search error (Betialé2019). A search
error occurs when a specialist fails to fixate on a pathology. An épeatbility to concentrate
on a diagnostically significant area of anray image results in ineffective search, hindering

recognition and decisiemaking. (Brunyé et al., 2019).
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2.2.5.4Recognition error/decisicmaking error
A recognition error or decisiemaking error is encountered when a participant fixated on a lesion
but failed to successfully identify a pathology (Brunyé et al., 2019). This can happen when the

participant fixates oa pathologyonly briefly, for less than the time required to recognise it.

2.2.6 Challenges with diagnostic errors

About 40 000" 80 000 deaths that occur annually worldwide are due to diagnostic errors (Lee et
al., 2013). The incorrect interpretation ofrXy images is defined asterpretative errors (Waite

et al., 2017). Identifying the diverse chest path@egs difficult for the human observer (Bar et

al., 2015).Literature about radiological symptoms and signs to understand chest images is
insufficient and scarce, often unavailable for young imaging professionals or too brief in textbooks
(Delrue et al., 2011). Imaging professionals need consistent assessmemtsna@ithdraining to

enhance their essential skills for efficient image interpretation (Bertram et al., 2016).

Failure to diagnose correctly leads to widegcognisd issues causing medical malpractice
lawsuits (Lee et al., 2013). Giving falpesitive results and missing a pathology is every
clinician& concern (Santia et al., 2013). Notwithstanding progress in imaging technologies, there
is no proof of progress in the perceptual capacities of the human eye and brain (Lakshmanaprabu
Mohanty, Shankay Arunkumar& Ramirez 2019). Given this human limitation, several of the
solutions developed to decreaserpretative errarare based on technology (Waite et al., 2017).
Eyetracking could be one of the technologies that can solvealiewementioned human

limitations.

A lesion is part of a tissue or an organ that sisféeredharm through disease or an injury, for

example a tumour, abscess, uloemwound (RendonPizanis Montanaro& Kraai, 2015). It is
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difficult for imaging professionals to differentiate lung lesions from mediastinal structures,
pulmonary vessels, bonasdother complicated anatomical structures on chestys (Del Ciello

et al., 2017).

Chest Xray image interpretation is crucial to detect thoracic diseases, inclusive of lung cancer and
tuberculosis (TB), which influence thousandgebple across the glolesery year (Rajpurkar et

al., 2018). Del Ciello et al., (2018)atethat 90% of the errors in lung cancer diagnosis happen on
chest Xrays. Lung cancer isfatal disease witha poor pognosis if not diagnosed earMuaet

al., 2015) Those who are diagnosed with it have lgema 20% five-yearsurvival rate (Hua et

al., 2015).

2.3. Eyetracking

2.3.1 Background

Through eydracking, a researcher can study attention processes and determine which areas were
visited first, the order of visits and the duration of focus on each area. It can also determine how
often attention shifts between different areas (Alemdag &gilay, 2018). Studying eye

movements can provide a trace of an indiviGuattention (Lai et al., 2013).

Remote eydracking involves the usage of a regular desktop computer with an infrared camera
placed below the computer scr€@woole & Ball, 2006)Eye-trackerscanprecisely align an image

with the movement of the eye lletectinginfrared wavelengths that are reflected by a mirror
(Klaib, Alsrehin Melhem Bashtawj Magableh 2021) Infrared eyetracking provides great
precision with little recalibration by measuring the distance between the glint and the centre of the
pupil using neainfrared light reflected off the ey@/os, Minor, Ramchand 2022) On the
contrary visible light eyetracking, such as WebGazer, depends on webcam images that are
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converted into grayscale eye feature vectors for gaze predietsret al., 2022)Making visible

light eyetracking more susceptible to variations in illumination and head motions, which
eventually reduces its accura¢yos et al., 2022)The video framedrom eyetracking are
processed with software to find and determine eye features that can be used for tracking (Poole &

Ball, 2006).

Eyetracking technology offers an analytical tool for assessing visual patterns by capturing gaze
direction and its relation to the AOI (Borg et al., 801Eyetracking goes beyond studying eye
movements (Harezlak & Kasprowski, 2018), as it can disclose different behaviours such as
emotions, intentiomndthe ability to apply skills and knowledge (Biggs & Mitroff, 2019). Eye
tracking mayalso be a valuable method for distinguishing novices from experts. (Borg et al.,
2018). In comparison to novices, expedpend a short time identifying relevant AOIs and spend

less time not looking at the relevant AOIs (Borg et al. 8201

When conducting an ultrasougdided caudal anaesthesia task, researchers hypothesised that
novices could concentrate excessively on high brightness or high contrast areas withriayan X
image rather thaon relevantareas. The research of Borg et al. @0acks this theory and
showed that experts allocate limited time looking outside the relevant AOI compared to novices.
Experts focus on diagnostically significant areas, while novices focus ezagyreng part$Borg

et al., 208).

2.3.2 Fixations and saccades

Fixations and saccades are the two basic events that can be measured dsngiagg Alemdag

& Cagiltay, 2018) Fixation refers to the ey steady condition at a single point of regard, while
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saccadegeferto the rapid movements of gaze between fixations (Alemdag & Cagiltay, 2018).

Saccades are the movements between consecutive fixations (Brunyé et al., 2019).

It is generally accepted that no visual information is processed during saccades (Venjakob &
Mello-Thoms, 2016). Participants usually demonstrate a larger number of fixations while making
tough judgements (Brunyé et al., 2019). The length of a saccaderied to as its amplitude and

is measured in degrees (Brunyé et al., 2019). Saccades vary in amplitude, from tiny movements
done when reading to considerably bigger movements produced while looking aroamm
(Blignaut, van Rensburg & Oberholzer, 2p1Besides amplitude, saccades can also be described

in terms of their peak velocity (Brunyé et al., 2019).

Fixations and saccades offer insights into how medical professionals interpret visual information,
make judgmentandmove around their environment (Brunyé et al., 2019). Researchers can learn
more about the complexities of human vision and decisiaking by examining eye movements,

which can also provide perception on perceptual and cognitive processes.

2.3.3Heat map and gaze plots

Visualisations can reveal aspects of saccades, fixaaodgyaze plot topologies and aid in
analysing the spatiotemporal elements ofegeking data and understanding the Gatammplex

relationships Blascheck et al.,, 2014)Spatiotemporalrefers to location (spatial) and time
(temporal) dimensions. In this studygaze plot can be used to represent gaze patternsherad a

mapcan be used to visualize blind spot identification (Lee et al., 2022).

Heat map are useful visualization tools that provide a summary of fixation patterns over many
participants and aid in recognizing fixation hotspots (Klein & Ettinger, 2019). These spatial density

plots illustrate the frequency of inspection for each region ahage, making it easy to measure
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attention distribution (Klein & Ettinger, 2019). An alternate visualization method utilisirgeite

map tool provide additional advantages by distinguishing between the multiple levels of
observational i ntensi t Heat(map as& oolour &odingliwith red a s ,
typically representing relatively high fixation numbers or duration, green representing the least
andyellow being inbetween the highest and lowest (Bergstrom & Schall, 2014). Figlte 2.

below shows &eat mapn a lung cancer Xay image.

Figure 211: Heat majg on pneumonia-xay image (Ravichandiran, Srivastava, & Ch20,19).

Gaze plots connect successive fixations to the stimuli via saccadeBiassheck et al., 2014In

a gaze plot visualization, each fixation is represented by a circle, the radius of which is proportional
to the duration of the fixationB{ascheck et al., 2014)Saccades between the fixations are
connected by lineB(ascheck et al., 2014%aze plots provide insights into the areas of the stimuli
that draw participanésattention, presenting this information in a logical order (Bergstrom &

Schall, 2014Blascheck et al., 20)4Figure 212 below shows a gaze plot archesiX-ray image.
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Figure 212: Gaze plot example amchest Xray image Pietrzyk Manning Dix & Donovan 2008)

Heat map and gaze plots are useful for understanding which parts of the image participants
concentrated on and can efficiently summarise this information. These features are available on
the eyetracking software Tobipro (Tobii Studio Uses Manual Version 3.3.22015. They are

used for data analysis after the participants have observed and examinedhyhien&ge. In the

study, the gaze plots and theat map will be used to train novice radiographers when analysing

chest Xrays.

2.4. Applications of ey#racking in medical imaging

For decades, eyteacking has proven to be a helpful tool for evaluating visual diagnostic methods
in medical imaging (Van der Gijp et al., 2017). It has been widely employed in medical imaging
for education, perceptual understandamglfatigue evaluation (Karargyris et al., 2021). The major
goal of medical imaging research is to investigate imaging profesauglsitive processes,
visual searchand perception processes (VenjakobMello-Thoms, 2016). Eyéracking can be

used in Xray analysis for similar reasons sinceays are a type of medical imaging.
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Research in medical imaging shows that medical professionals didegmaently with each

otheits diagnoses and with their prior judgements when they analyse the same images again
(Lalumera Fanti & Boniolo, 2021). This demonstrates how human judgements and visual
assessments can be inaccurate and could be overwhelming for novices when analysing the images.
This can be prevented by improving medical training.-&geking can be used to train novices

when amlysing the chest Xay images.

Eyetracking is widely employed to reduce diagnostic errors, increase diagnostic accuracy and
improve patien@well-being (Brunyé et al., 2019). Eymcking data reveals details about a
patients condition and demonstrates how an expert focuses on the relevant areas of an image when
analysing a chest-Xay image (Karargyris et al., 2021). Efyacking can be useful for determining
whether the examined areas are not only glanced at, but alsoskdgand perceived (Vogel &
Schulze, 2021). Ey#acking visialisation tools such dseat map and gaze plots can display

examined areas.

Krupinski (2006) (as citedin Helle, 2017 stated that ey&acking could be effective for
establishing eye movement patterns and evaluating the performance differences between novices
and expertsMedical imaging research has grown from the use oftegking technology to
discover the tactics employed by experts to analyse radiographs effectively and efficiently (Arthur

& Sun, 2022). They can also be beneficial in designing innovative visuahgeahniques (Helle,

2017). Eyetracking can record the eymovements of the imaging technician, allowing for a
comparison between the novices and the eg@ppdtterns when analysing theray images. Since

the eye movements are recorded, imaging technicians can analyse their previous eye patterns and
movementsandplan on how to enhance them in the future. Additionally, novices can learn from

expert®captured eye movements.
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2.5. Eyetracking with radiography

Researchers can identify which areas of the stimuli were attractive to the participant and how the
area was seen by that individual by making useyefracking technology (Alemdag & Cagiltay,

2018). Chest Xays provide rich and comprehensive information about a p&tieandition to
experts, yet they are widely known to be intimidating to novices (Quen et al., 2021). Understanding
the perceptual process allows imaging specialists to develop search tactics that enhance clinician
performance and include them in medicabhgmg education (Van der Gijp et al., 2017). For
novices, analysing Xay images might be a challenging task, but it becomes eamy mdvices

view the eye movements of experts recorded usingragking technology.

Eyetracking measures the motions of the eye and gaze point to conclude which partsrafyan X
image are more important when making a medical decision (Fox & Fatli&nes, 2017). Rubin

(2015) stated that there are four processes when inspecting atlulg during the interpretation

of the chest radiograph. By tracing the gaze centre, thgagier demonstrates the focal point of
vision (Rubin et al., 2015). Research has shown that eye movements can be associated with the

diagnostic decisions of thenaging specialist (Touras&ioisin, Paquit& Krupinski, 2013).

Lung nodule identification using eyteacking during chest Xay interpretation involves four
detection process componenteamely: decision making, search, orientatermd recognition
(Tourassi et al., 2013). Eyteacking camevealvariousstrategiesised by imaging specialists when
examining the lung(Rubin et al, 2015). In previous studies, #naeking technology has been

used to evaluate the ability of the radiographer to diagnose lung nodules in chest images
(McLaughlin et al., 2017). Eygacking tas determined an understanding of cognitive techniques

during the process of image interpretation (McLaughlin et al., 2017).
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At the University of Pennsylvania, from the late 1970s to the 1990s, Harold Kundel and his
colleagues led various experiments utilising-ggeking to comprehend the reason for imaging
specialisté recognition and detection of pulmonary lesions in chest radiographs (Rubin et al.,
2015). This previous experiment focused on CT images rather than standard chest radiographs.
However, in the current study, a comparable experiment was carried out using standard chest
radiographs. Ey#racking has been utiliseéd improve tumour recognition and give data on nodule

misallocation (Antonelli & Yang, 2007).

Research on eyteacking showed that experts loaktheandgomical landmarkswhile novicesgo

through every singlenatomical region irdetail (Jarodzka at el., 2017). Experts reflect on
perceptual processes and intellectual recall performance (Jarodzka et al.,, 2017). Imaging
specialists depend on their skills to interpret images to diagnose and detect pathology in studies of
medical imaging (Rbin, 2015). Interpreting Xays is difficult because the information is rich and

it can be a challenge to select the right information (Jarodzka et al., 2017). Experts find it easier to
interpret Xray images because they can recollect previous iexpes, which allows them to

know which areas to focus on.

Studies indicate that eyteacking might be a useful technique used to reduce-sraiing during

X-ray image interpretation, that is, decisimaking, recognitiomndsearch (Brunyé et al., 2019).

It is critical to discover visual search patterns that contribute to correct or incorrect interpretation
of pathologies on radiological images (Van der Gijp et al., 2017). Although experts can rely on
their previous performaseg eyetracking can be useful in capturing previous performances. This

enables radiogrdyers to analyse their previous actions and adjust their search patterns constantly.

While current eydracking metrics may not detect decisimaking errors, some new research

shows that somewhat chaotic eye movements across an image may signal decision uncertainty,
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increased workloadnda higher chance of errors (Brunyé et al., 2019). Figuré@&monstrates
a novice observés disorganized eye movements. Their gaze was scattered, even outside the
boundaries of the image, presumably showing ambiguity about where to concentrate their
attention.Figure 2.14 below shows thlgaze plots of an expert when examining a chesayX

image.

Figure 2.14:Experts gazelots on chest Xay images (Borys & Plechawsk&6jcik, 2017).
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2.6. Eyetracking for learning

Researchers in the educational field have discovered the broad rangdratckiye applications
in the research of learning challenges (Lai et al., 2013). Learning is the demonstration of obtaining
or developing knowledge, behavioar skills (Jarodzka et al., 2017). Imitation is an extremely

effective method of learning tasks (Kok et al., 2015).

Experts are tasked to handle complex computer simulations such as 3D medical images, while
novices learn from multiple sources like videmsdoften they need to coordinate this information
themselves (Jarodzka et al., 2017). Learning aftenirs in environments with rich information,

such as dearning, textbookandX-rays (Jarodzka et al, 2017), which can make learners easily
overwhelmed by information. Eyteacking provides important insights for enhancing teaching
methods and generating more conducive learning environments (Donmez, 2023jackiye

can help taunderstand developing learning and its guidance in education (Donmez, 2023).

Human beingacquireinformation through their eyes, for example, when executing a professional
task and when learning (Jarodzka et al., 2017)-tEaeking technology has the potential to
transform medical education and clinical practice, providing a wide range of oppeduoit
creating advanced clinical training (Brunyé et al., 2019). Novices could observe @rperts

movements as they analyse amay image.

Specialists in Educational Science explore the learning process to see how learning is established
and how it can be encouraged through instruction (Jarodzka et al., 2017). In certain areas of
surgery, nursing@and sports, eydracking technology has been utilised for both assessment and

training (Borg et al., 2(8). Eyetracking has become a critical instrument to examine processes
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of learning (Jarodzka et al., 2017) and has been used for teaching and examination in medicine

and other disciplines (Borg et al., B)1

Radiographers primarily work on chest-rXys moreoften than they perform any other
examinationswith chest Xrays being the first examination in radiography courses (Enfinger,
2015). Most healthcare professionals use methods likeedatfation and various guidelines to
interpret an image (McLaughlin et al., 2018). However,-tegeking has beemtilised to

understand the process of image interpretation and training (McLaughlin et al., 2018).

From a teaching perspective, the ultimate objective oft@gking studies on medical imaging is

to enhance image analysis by reducing visual search errors (Van der Gijp et al., 2017). Wilson and
colleagues have demonstrated that by observing an éxgege pattern during training, novices

can be taught expelike gaze patterns, which are defined by rapid gaze transitions and brief eye

fixation (as cited irBorg et al., 208).

Understanding where to direct your attention is important for suacelibis is acquired through
oneon-one feedback from experts (Quen et al., 2021). However, individualised time is limited
teaching this ability is challenging since the teacher cannot immediately know where the student
is looking to provide the most exact feedback (Quen et al., 2021). According to Quen et al. (2021),
eyetracking can monitor studei@tgaze movements allowing them to identify abnormalities
during medical training. Aftough gaze patterns picked up by -&yweking may not accurately
reflect cognitive processes, Borg et al. (@0duggest that they might assist lecturers in creating a
specific cognitive process for the students. As a result, lecturers will have more insight into the
studentéfixation areas and will be more equipped to guide students on which areas to focus on
during an Xray analysis. Moreover, this can help lecturers during the evaluation process by

enabling them to verify whether students fixated on the relevant areats or no
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Previous studies that used eyacking to analyse Xay images have covered a wide range of
research areas (Venjakob & Melllhoms, 2016). These studies have investigated Imaging
specialisté cognitive processes, reading strategies, perceptual processes, howOexmerts
novice®gaze behaviosdiffer, andthe potential for training novicégaze patterns (Venjakob &
Mello-Thoms, 2016)Eye-tracking holds tremendous promise as a method for measuring training
progress toward the advancement of skills isuatbased and procedural activities (Borg et al.,

2018).
2.7. Studies from other publications

The studies summarised below explore the incorporation efragking technologies in diverse
medical contexts. Thsestudies incorporate eyteacking technology with other technologies, such
as Virtual Reality (VR) and Atrtificial Intelligence (Al), all aiming to enhance imaging specialists
performance in Xay analysis. Overall, the incorporation of dy&cking technology in these

investigations contributes to the advancement of medical research and education.

Harezlak and Kasprowdlsi (2018) study explores the relationship between-tegking
technologyandhow it relates to the performance and effectiveness of medical procedures. The
study focuses on the use of dyacking technology in medicine, citing its wider applications such

as therapy and medical educati&milarly, Lévéqueet al.(2018)conductedan in-depth review

of eyetracking technologieslein medical imaging. Thestudy emphases the abilityto analy®

visual search and recognition tasks in radiology, to improve radiological reading accuracy and
speed.This supports Harezlak and Kasprovéskiindings, highlighting the importance of eye

tracking in bothmedical educatioand clinical practice.
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Expanding on these them&3enet al.(2021) focusdon the difficultiesof interpreting chest X

rays, where errors may result in deatlsch may be preventabl&heir study indicated that eye
tracking can examine the gaze patterns of both experts and novices to identify areas for
improvement during training. This is in alignment with the findings of Brunyé et al. (2019), who
reported that gaze behaviours variegngicantly between experts and novices, and that these

variations can guide training strgtes to improve radiographic decistamaking.

While Quen et al. concentrated on perceptual challenges, Arthur and Sun (2022) explored the
broader issue of radiological errors andribeessity for competendyased evaluations in medical
education. They argued that eyacking could improve professional knowledge by providing
information about gaze behavior during radiography analysis. Their findings complement those of
Karargyris et b (2021), who showed how eyecking data may be used with Al, particularly
deep learning, to improve radiological interpretations. Karargyris et al. employebage: data

to train neural networks, providing a realistic illustration of howtegeking can combine human

expertise with machine learning.

FurthermoreMoreira Nobre SousaPereiraand Jorge(2022)advanced technology integration
by highlighting the potential of integrating eyracking with VR to overcome limitations in
standard radiological settings. Their research proposed employing radiologidtsickyeg data

to create decision models that ynlaelp experts' performance. This approach is similar to the
educational applications of eyeacking described by Jarodzka et al. (2017), who found it helpful
in improving testing conditions, aneasing visual expertise, and enhancing skill development

across disciplines such as medicine and chess.

In addition to technological integration, eracking has educational benefits. Phillips et al. (2013)

underlined its function in distinguishing between search and recognition errors, which provided
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useful insights for teaching and training. Hyacking allows for targeted feedback to improve
diagnostic skills by detecting if observers are directly fixated on a lesion. These findings are
supported by Brunyé et al. (2019), who argtlet eyetracking has the potential to modify

medical education and clinical practice.

Collectively, these studies show that ¢xacking can greatly improve radiography education.
Novices can learn from expert gakehavioursand build their own search patterns through
observingand practicing. Furthermore, its applications go beyond radiography, providing insights
into cognitive processesadvancing educational studjeand enhancing visual expertise.
According to research such as Jarodzka et al. (2017) and Brunyé et al. (2018clepg has

proven to beuseful and revolutionary tool in both educational and medical contexts.

In conclusion, the analysed studies indicates thatrep&ing technology has great potential in
radiography and medical education. Novice radiographers can learn from expdrelgazieurs

and build their own search patterns to increase diagnosis accuracy. These experiments, which
combine eydracking withVR, Al, and other technologies, pave tay for novel approaches to

medical education and practice.

2.8. Conclusion

This chapter proosesthat there is a theoretical base for the current stadgit also gives an
overview of previous research. The research and application g@faekeng in radiography are
illustrated. This chapter presents how -aeking has aided in learning and radiography in the
past. The next chapter will cover the methodsduto carry out the current study. The chapter
thereafter will outline the procedures, data gathering prameddata analysis process used to

conduct this study.
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Chapter 3 Research method and design

3.1. Introduction

The previous chapter outlined other studies that are related to the current study. This chapter will
focus on the methodological approach, data collection methods, data analysis metsbdisal
procedures. The study aims to use-tgeking technology to provide guidelines for teaching
radiography students the correct elements to visit dwirgstX-ray analysis. Therefore, this

chapter aims to ensure that the aim and the objectives of this study are met.

This chapter will outline the research design used, how the pilot study was conducted, the process
of data collection, research tools used to conduct the study, calibration and data quality,

compilation of stimuli, the process of data analgsidmethods of data analysis.

3.2. Research design

For the current studwy pre-postexperimental design wasedalong with asurveybased research
design. A prepost experimental design is an experiment in which data is obtained twice from the
same group, before and after the treatment (Thiese, 2014). In this study, data will be obtained from

the same students before and attergaze behaviour of the experts was demonstrated to them.

Experimental designs are carried out to test a theory or hypothdsi®valuate the effect of a
specific intervention; Because of its excellent replicability, the experimental design research
approach is often regarded as a classic research design when implemented appropriately (Hofstee,

2006).

A survey-based research design normally tries to obtain information from participadis can

be a effectiveapproach to learn about peajsl@vants and attitudes (Hofstee, 2006). Sutvased
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research, when correctly developed and performed, can provide anspreisiémns that no other
research approach can (Artiaurning& Sklar, 2018). However, participantstenrefuse to give
information on sensitive issues, including illegal behaviours in the past; and thegralso be
biased when recalling previous everiéso, other memory constraints can make gathering and

estimating correct replies challenging (Artino et. at., 2018).

A surveybased designs can be biased when it comes to cognitive processing and attention
measures, like post hoc recall (Meernik et al., 2016). As a result, the experimental design was used.
Experimental design that includes experiments and observationsdssts&commonly used for
eyetracking studies (Duchowski, 2007). Most experimental designs in medical education studies
comprise two or three groups of participants at various levels of medical education (Fox &
FaulknerJones, 2017). The current studyaainvolves diverse groups of participants and various

levels of training.

Figure 3.1 below summads the sequence and the details of the assessment during the data
gathering process. The first stg@stest 1 whichwas the pilot study, the second steyas
preparation, the third stepastest 2 whichwasthe pretest, the fourth steprastest 3 which
involved capturing fourth year studeitdata, step fivavasthe treatmentandthe last stepvas

pog-test
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Test 1: Pilot

Eye-tracking test conducted on
second-year students and
lecturers in radiography

Preparation
Theory-based lesson for all first-
year Radiography students

Test 2: Pre-test

Eye-tracking test conducted on
selected first-year students

Data-
gathering
process

Test 3: Fourth-years

Eye-tracking test conducted on
selected fourth-year students

Treatment

First-year students are trained
based on fourth-year students’
eye movements

Test 4: Post-test

Eye-tracking test conducted on
selected first-year students after
the training

Figure 31: Sequence and details of data gathering

3.3. Methodology

3.3.1. Test 1: Pilot study

A pilot study was conducted to ensure that the most suitable stimuli were used for the study. The
pilot study participants were randomly selected from the Department of Clinical Sciences (CS) at
the Central University of Technology Free State (GWihdthey did not participate in the main
study. Three staff members and two seegedr students who were registered for the qualification,

Bachelors of Radiography in Diagnostics, were part of the pilot study.

Existing hardware and eyteacking equipment were used to capture the eye movements and gaze
behaviour of the pilot study participants. The participants were given six chrestiKiages to

analyse and identify pathology. See Appendix A for the six cheayXmages that were provided
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for the participants. The researcher recorded participanssvers as they examined the chest X

ray images.

The three staff members as well as the two students who took part in the pilot study also provided
recommendations for improvements and assisted in choosing the suitable stimuli for the study.
The staff members proposed that the researcher should fimgezhtzhest Xay images with less
contrast and brightness. However, the researcher could not find chagtiddages with large

pixels. The researcher therefore found an online application that enlarges the images, the enlarger

tool is called ResizeFilen{tps://resizefile.com/imagenlarger.html. Some of the high contrast

chest Xray images showed more of the ribs than the lungs, so the staff members suggested a
replacement of such images. Furthermore, the staff members advised the researcher to check the
contrast of the images. Participants alsggested that the researcher should look for images with

not more than one pathology and to look for correct exposures when findingrdlyaifages.

Initially, the researcher did not set a time limit on the image slides and as a result, the participants
dwelled too much on the image slide to the point where their eyes started wandering.

Consequently, the researcher set the time limit to 15 seconeladoimage slide.

The patrticipants kept on forgetting the pathology options that they had to choosarictime
researcher had to keep reminding the participants of them. One of the participants suggested that
the researcher can provide cards on the table to list the available options. Instead, the researcher

decided to include a slide with options between thage slides.

Originally, the participants had six-bay images to analyse and find a pathology. In the main
study, 17 images with different pathologies were used. As a result, the informed consent forms

and the information letters had to be amended to accommodate the changes after the pilot study.
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Lastly, the researcher had challenges with theteaking equipment during the pilot study. The
researcher also noticed the need for two computer screens during data collection, diffitwas

to work with only one computer screen. The researcher and the participants needed two separate
screens. The researcher marhiipe session through a software tool that should not distract the

participant and the participant should focus on the stimuli on the other screen.

3.3.2. Research Tools

Two computer monitors and eyeacking equipment were used to capture the gaze behaviour of
the participants during the ptest and pdstest One monitor was used to display the chesa)

images to the participants and the second monitor was used by the researcher to facilitate the
process of data collectiomheimages werélisplayedona Dell monitor whiletheresearcheused

aDell laptopas the second scredrobii Pro X3120 screetbased eydracker was used to follow

and capture the eye movements of the participants while they examine the chgstéages.

Tobii proversion 3.4.8 software was used to record and analyse eye ga@eothtStudio Usels

Manual Version 3.3.22015. The Swedish business Tobii Technology AB, which speeiglin
eyetracking devices, produced the Tobii Pro-X30.This eyetracker has since been discontinued

by Tobii, but documentation can still be found herettps://connect.tobii.com/s/x3

downloads?language=en_|JEhis eyetracker has drame rateof 120 Hertz (Hz) and reported

accuracy of 0.2and precision of 0.24under ideal circumstance$dbii Studio Usels Manual

Version 3.3.2.2015.
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3.33. Data Collection

3.33.1 Research populaticand sample

Data was collected frororty-onefirst-year students from the Central University of Technology
registered for the qualification: Bachelors of Radiography in Diagnostics and 23-yearth
students registered for the same qualification. Theygar studentsvereregarded as novices
while the fourthyear students acted as the experts on the analysis ofrag ¥hage and

identifying pathology on an Xay image.

The researcher made a brief presentation about the study to Hyedirsgtudents and the fourth
year students and only students who volunteered were part of the study. Fheafirstudents

and the fourthyear students were given consent forms to detafbefore taking part in the study.

3.33.2 Location/Environment
The eyetracking procedure was done in a consultation rabthe CS department at CU¥here
only one participant was tested at a time to avoid disturbance. This was done in accordance with

the requirement as stated by Jarodzka et al. (2017).

3.33.3 Orientation andAnswering sheets

The participants were required to analyse chesiydimages for pathologies. The students had to
indicate if they aw any pathologies in the imag# they did observe a pathology, they had to
specify the type of pathology presemhe participants were given an orientation as to how the
process will beconducted, and theesearcher facilitated the data collectiprocess The
participants were giveguestions,and the researcher recorded the answers on a {zsed
answering sheet for each participantlasy examined the cheXtray images. An extract of the

answer sheet is shown in Figur@.3The full answering sheet is providedAppendixB.
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Eye tracking Test

Student Name: Student Number:

X-ray Image No. Did you see any If yes, what kind of abnormality did you see?
abnormality?
1 O Yes O Pneumania

O No O Pleural effusion
O Pneumatharax
O Pneumo-haemothorax
O Lung Cancer
O Normal X-ray
O | have no idea

2 O Yes O Pneumania
O No O Pleural effusion

O Pneumothorax

O Pneumo-haemothorax
'] Lung Cancer

O Normal X-ray

O | have no idea

Figure 32: Answering sheet example.

3.34 Data quality

This section explores the types of data qualigcessibility, a suitable amount of data,
correctness, completeness, trustworthiness, brief representation, ease of understanding, ease of
manipulation, consistency, explainability, erfoge, reliability, privacy, objectivity, usefulness

andpunctuality, are all qualities of data quality (Wydshscher Porzel& Thoben 2015).

The above data quality aspects were applied in the following manner:

To ensure consistendedata gathering process was performed in the same venue in the Clinical
Sciences Department lab at the Central University of Technology. The participants were presented
with the same chest-Kay images, same exposure factors, same image caadisame computer

monitor and size.

For correctness and accuracy of the dauang the recording process an dya&cker captured data
points of eye movement. Every data point is distinguished by x and y coordinates and a timestamp
andthey are delivered to the database of the analysis program running in the background of the

computer linked to the eyteacker {Tobii Studio Useis Manual Version 3.3.22015. The
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statistical data was reported by the Tobii Studio statistics tool. Precision and accuracy can be used
to assess the spatial quality of the monitored gaze (Feit et al.,, 20&racy indicates the
difference between actual gaze point and recorded gaze point, whereas precision assesses the

variance between recorded gaze points during a fixation (Feit et al., 2017).

Tobii Studias procedure for developing tests, recording tlaethanalysing the data is illustrated

in Figure 33 below:

Designing and
recording

Replaying A0l Exporting data
Figure 33: Tobii Studids procedurgcreated by author)

3.35. Presentation of priainingtest

Forty-onefirst-year students, who are regarded as the novices in the current study were provided
with preparation material based on chesta) pathologies to prepare ftire eyetracking test.

This preparation material was thedrgsedandthe students were given a week to go through the
material before being tested. The preparation material is attaclAgbasdixC. The preparation
material provided was uploaded on eThuterhich is an online Blackboard portal of CUT via
which students obtain crucial progranfiommation by logging into the university website, so that

all the students whaverepart of the study may havedaccess to the lesson.
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3.36 Test 2: Prdrainingtest

A week after the students went through $iedy material, eydracking equipment was used to
capture the gaze behaviour of the novices. The novices were Ljivelmest Xray images to
examine, fifteen images with pathologpdtwo images without pathology. THe& chest Xray
images are attached as AppendixEach studentvasgiven the same set of images in the same
order, with no specific orderassigned to thanages This test took an average of 10 minutes.

Novices were presented with the following images:

=

three images with Lung Cancer

1 three images with Pneumonia

1 three images with Pneumothorax

1 three images with Pneurntmemothorax

1 three images with Pleural Effusion

=

two images without pathology

The gaze behaviour of the novices was captured during the test, to check if they visited all correct
elements and to check if they had identified the pathologies correctly. The AOIs are presented in
AppendixD. The researcher recorded the answers of the novices as they examined the chest X

ray images.

Thel7images were selected based on the following criteria:

=

correct positioning,
1 correctimage exposure,

1 images withougartefacts,

=

required anatomy,
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1 pathology demonstrated.

The images were enlarged for ease of examination. As ey ¥Xnages were taken from the
internet, some of them had gridlines and letters on them. The artefacts present were removed from
the images to minimise any distractions thauid haveshifted participanté attention from the

important parts of the image.

The answers provided by the participants were then compared against their eye motements
ensure that they did not guess the correct andwail t-tess were conducted tcomparenovices
Time to First FixatiorMeanvaluesbefore and after training and fixation duratigieanvalues

before and after training for each pathology.

3.37. Test 3: Capturing of fourth yeé@gaze behaviours

After data was collected for the firgear students, data were collected for the foyetér students
with the same stimuli of the pteaining test (Test 2). The gaze behaviour of the foyehr
students was captured. The same processes were followed again with thegdaugtudents,
except that the fourtiiear students were nprovided withpreparation material before being

tested, since they were regarded as the experts in this study.

3.38. Intervention and treatment

Intervention refers to treatments or methods to enhance outcomes and make a difference in the
most key areas (Melnyk & MorriseBeedy, 2012). Treatments are the distinguishing element of
experimental research that distinguishes it from all other reseatttodologies (Bhattacherjee,
2012). The treatment for the current study involves gpeetestdesign, where firsyear students

were given a training based on fouybar studentseye movements and gaze behaviours. The
fourthryear studentsheat map @& presented irAppendix E and gaze plots as presented in

51



Appendix F were used to train the figgtar students. The slides that were used for training are

shown in Appendix G.

After data was collected from the novices and the experts; the researcher analysed th& experts
data to select the best gaze plots and a combined seabmapso train the novicesAs shown

below, a number of factors were carefudiynsidered while choosing the expétest gaze plots.

The participantSability to accurately identify the pathology was not the only criterion used in the
selection procedure. Considering some participants were able to identpatti@ogywithout
focusing on thepathology Rather than depending only on the final diagnostic result, a thorough
evaluation method was used, considering sevVacabrsof visual searclbehaviourto make sure

the chosen gaze plots reflected an efficient and methodical diggapproach.

The best gaze plots were selected based on the following criteria:

1 Pathologies correctly identified,

1 comparing both lungs during analysis,

1 checking costophrenic angles,

1 Time to First Fixatioron the correct AOI and

9 fixation duration on the correct AOI

The gaze plots indicated the correct elements to visit and how to correctly identify a pathology.
Only oneset ofgaze plots were selected for each pathology. Different exygte plots were
selected, as there were no experts who got 100% on examining all the images and getting all the

pathologies correct. Additionally, a collectionr@at map$rom all experts was used.

Heat map, as indicated in Figured3.andgaze plots were generated from these dpa&baviours,

andthey were used to show the areas where the density of fixations was the highéshap
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utilise a colour scheme to show the tdbalration of Fixatiors on various areas of a stimulus.
Warm colours on theeat mapsuch as red and yellow, show areas which enjoyed the most visual
attention. The gaze plots display the order, locatimhamount of time spent looking at different

areas of the stimulus, as shown on Figuge 3.

HeatMap
Draw: 110703us
FPS-9

o 11.03
counts.

Figure 34: Heat mapexampé

Figure 35: Gaze plot example
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After the initial test, the novices were given training on how to examinerary knage and how

to identify a pathology correctly based on the experdze behaviour and eye movements that
were selectedThe novices were given one lesson based on the data that was collected from the
expertso6 g aFromthedexpedsyazedehaveud7heat map were generated and the
heat mapmages were shown to the figtar studentgSeeAppendixE for expert® heat map

that were generated=rom the gaze plots that were generated, videos were created for all the X
ray imagesandthese videos were shown to the novices. See Appendix F for the screenshot of the
gaze plot videos from experts. These videos were generated from the besbeypartsvement

and gaze behaviour as mentioned earlier in this Sectionbdstgaze behaviogrwere selected
based orrorrect elements vigtlandcorrectidentification ofpathologes The gaze behaviour of

the experts also indicated to the novices where to fixate when examiningdlyamifages.

3.39. Test 4: Presentation of pesainingtest

After the training, the novices were tested agdth alternative but similar stimuli that were used
during the prdraining The postraining stimuli are presented in Appendix A. The gaze
behaviours of the novices were captured again usingtragking technology. The same
procedures as for the pnaining was followed. The podtaining results are presented in

AppendixH.

3.310. Calibration

Eyetrackers use an individual calibration technique where participants fixate on several targets at
identified points (BarsingerhoyBoonstra& Goossens2018). Prior to the eyacking recording,
the researcher performed calibration with the participants to ensure the good quality of the eye

gaze recordings. Participants had to fixate at five identified points on the screen to check the
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calibration quality. During this process, the dggcking captures the eye characteristics of the
participant and utilises them in conjunction with an internal 3D eye model to generate gaze data
(Barsingerhorn et al., 2018yigure 36 presents the beginning of the calibration process. Figure
3.7 presents good quality calibratiorfi the calibration was not of good quality as indicated in
Figure 38, it had to be repeated.

R— -
— .
E o] Ll rabyn

Figure 36: Calibration example

Left Eye

Figure 37: Example of gooduality calibration
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Left Eye Right Eye

0 Points Marked for Recalibration

Figure 38: Exampleof bad quality calibration

3.4. Ethical procedures

For recruiting, the researcher did a brief presentation of the study for the partiégpah&mnto
understand what is being asked of them. Moreover, the participants were given an information
letter that outlined a brief overview of the study. The information letter is attached as Appendix
The participants voluntarily took part in the study. The students who volunteered to partake in the
study were given the informed consent forms to complete before participating. The informed

consent form is attachesAppendixJ.

The study did not disclosthe names othe participantsensuringpar t i ci pantwad anon
protected as necessary in the stuRiyticipationwasvoluntary,and participantsould withdraw
at any time, without consequencdairthermore,no incentives orewardswere offeredfor

participating in the study.

The data collection sessions were scheduled outside acddgeungzand theparticipantshad the
flexibility to reschedule to the time that wsitablefor themand the time that would fit into their
academic routines'he data collection processeragd for 10 minutes ensuringthat it didnot

interfere withthep ar t i @cagemin woskd
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The researcher explained the purpose of the study to the participants and the participants were
given a chance to ask questions where they did not underflaritipants were given the
assurance that their personal details will not be mentioned in the dissef@atipone participant

was tested at a time to ensure privacy measures. The participants who later wanted to withdraw
from the study were allowed to do so. The ethical clearance was granted by the Health Science
Research Ethics Committee (HSRHE@mM the University othe Free State (UFS). The protocol
number is UFSHSD2020/1578. The ethical clearance is attached as Appkndie study was

done at UFS becaus# studies on and with radiographers as Allied Health workers must have

ethical clearance from théSRECand only at UFS.

Tobii Eyetracking devicesdetect and monitor eye movemenising infrared light (Tobii
Technology, n.d)This devicedoes notomein contact withthe eyes, making it safe for regular
use.The infrared lighutilisedis low-intensity and within safe exposuesels(Tobii Technology,
n.d). This infrared lights similar to the infrared lighfoundin TV remotes or face recognition on
smartphones anplosesno harmto the eyeskEyetracking softwaresolely recordspatternsof eye
movemeng and does natollectany sensitive biometrior medical datgHolmqgvist, Nystrom, &

Mulvey, 2012b eyond t he.studyds scope

3.5.Limitations

The sample size was relatively smaltotal of 26 fourthyear studentitially volunteered to
participate in the stugyoweverthreestudentsvithdrew from the studyr he withdrawal wasdue
to distance learningsthey were out of towrluring thedatacollecion time, which took place
during the Covidl9 lockdown preventingsome studentom goingto campusA total of forty-

one firstyearstudents volunteered to participate in the sthdyvever,one student did not attend
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the training, therefore, datawdd not be collected from him during pédsaining data collection
phase Furthermore, most students were not available due to distance learning and there was not

enough time for data collection.

3.6. Conclusion

This chapter discussed the methods, collectiodanalysis approaches that were used for the
current study. It includes participaatsformation, such as the inclusion criteria for the research,
who the participants wewndhow the participants were sampled. It outlines the research designs
that were used and why they were used for the purpose of the study. The equipment utilised for
data collection is also detailed. Finally, the ethical considerations that were addressgdheur
process were also exaned. The next chapter discusses the findings that were discovered during

the data collection and data analysis process.
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Chapter 4 Presentation and Analysis of Data

4.1 Introduction

The previous chapter focused methodological concepts, dagathering methods, data analysis
methodsand ethical procedures. This chapter focuses on data analysis and data presentation.
Furthermore, it presents the data analysis and results summary. The gathered data per Sction 3.3.
and the results will be analysed in this chapter. The hypothissas in Section 1.4nd the
objectives presented in Section 1.3.3 will be tested based on the findings. The findings will be

analysed and interpreted.

The data acquired were analysed per the research question presented in Section 1.3.2. Novices
analysed the chest-pay images to collect and observe their gaze behaviour. The goal was to
analyse their gaze behaviour before and after observing expertefezedur to see whether there

were any differences. Furthermore, data was collected to report on trends and strategies that novice
radiographers use to analyse a chesaXimage and provide guidelines to radiography lecturers

on howthe useof eyetracking technologycan benefiradiography studenturing training. To

train the novices, |l ecturers can make wuse of
recorded videos, in addition to eyracking technologyAlthough prerecorded materials can be

used for teaching and provide insightful information about expert gaze behaviour, ustmgeeal
eyetracking technology offers extra advantages like performance evaluation, adaptive learning

opportunities, and indidualized feedback.

59



4.2 Data analysis

4.2.1 Procedure

Statistical analysis was carried out to analyse the eye movements and gaze behaviour data of
novices during chest-Xay analysis. Diagnostic analysis was used to report on possible trends and
strategies that novice radiographers used to critique i@y Xnage. Data were analysed using the

Tobii Studio Statistics toolThe data from Tobii Studio Statistics tool was obtained from eye
tracking data collected using Tobii eyracker. The Mean values from Tobii Studio Statistics tool
were then exported to Micsoft (MS) Excel, where the MBxcel data analysis tools were used

analyse the dat&hi-square and-1ail t-tessthe MSExcel data analysis toalsed to examine the
statistical significance of relationships between nodipes and postraining gaze behaviours

concerning the hypotheses listed in Section 1.4. The threshold of significance was fixed at 0.05.

The Statistics tool in Tobii studio generates calculations and shows descriptive statistics for the
mouse tracking metrics and the eye (Tobi.i St
calculations generated by these metrics are based on the time vhdeta selection and AOIs

specified by the researcher.

Chi-square test was used to determine if there is a significant difference between the observed data
and the expected data (Ali & Bhaskar, 2016). The current study usest|@drie test to determine

if there is a significant difference between noviga®-training and postraining gaze behaviour

data when analysing the chestay images for pathology. Fisclierexact test was used in place

of the Chisquare where thebservations and thexpected frequency in each cell was less than

five. Chi-square wassed to analyse data based on the following criteria: Comparing both lungs

(CBL), checking costophrenic angles (CG#ididentifying the correct answer (CA).
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The Htail t-test was to test the null hypothesis, specifically to test whether there is a significant
di fference bet wtmiaimg ddatehaaed the pestining datd. Tiperexperiment was
conducted to test the niilypotheses listed in Sectidm. 1-tail t-tess were used to analyse data
based on the following criteridime to First Fixatio(T2FF) and theDurationof Fixation(DoF)

on the pathology if present.

In terms of identifyingcorrect answerparticipants had to examine the chesta} images and
identify the type of pathology that were present on that chestyXmage. The assessment
eval uates participants?©o di agnost-rag pathdogyl i t vy
Additionally, the researcher recordédh e p a r danswers gna pap&aded answer sheet as
shown in Figure 3.2. The current study focused only on five different pathologies, namely: Lung
Cancer, Pneumonia, Pneumothorax, Pnetaemothorax and Pleural Effusion, ahdre were

also images without pathology.

The participants were required to compare both lungs, and while comparing, they were also
required to check the costophrenic angles when analysing the chest dhages. The
measurement being evaluated is their ability to successfully compare the lings requires

them to gaze at both lungs. Furthermore, they hdtkate on both costophrenic angles. Their

ability to analyse costophrenic angles for abnormalities is being evaluated, including identifying
pathology on the costophrenic angles, requibngt h | ungsé costophrenic
The gaze plots assisted the researcher to confirm that the participants gazed at both costophrenic

angles.

The other criteria that were checked during analysis is Time to First Fixation, which is the time it
takes for the participant to fixate on the AOI for the first time after the stimulus is displayed.

Participants had to focus on the AOI to identify patb@e. This metric indicates how long it took
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the participant to fixate on the AOI for the first time after the stimuli were displayed. Furthermore,

Fi xation Duration on the AOlI was analysed, wh
AOI. This metric indicates how long each fixation lastathin the AOI. Eyetrackingwas used

to measure the time the participants took to observe the pathology for the first time and the duration

of looking at the pathology.

The purpose of data analysis was to identify, deéfind investigate the relationship between
novice® pre-training and postraining results. Appendit contains the results of the data
collected during the noviée pretraining eyetracking testAppendixH contains the results of the
data collected during the novidgsosttraining test. The gathered data will be presented in the

following manner:

1 Novice pretraining gaze behaviour data were compared and analysed against novice post
training gaze behaviour. This was to evaluate if the n@viperformance improved after
the training. The results are presented in Sectip2.4.

1 Data was analysed based on the hypotheses in Section 1.4

The data analysis process was conducted by the researcher with the support from the supervisors.

4.2.2 Results

Novice gaze behaviour data that was captured before the training were analysed and compared
against their gaze behaviour data after the traidatg to determine whether the gaze behaviour

of the experts had an influence on the novigesze behaviour when analysing the chesay

images; and to check whether there was an improvement in how the novices analysey an X

image and identify pathologyrhe study wuld then provide guidelines that use dyacking
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technology to teach radiography students the correct elemerisittawhen analysing a chest X

ray image for pathologies.

The pretraining results are presented in Appendiand the postraining results are presented in
AppendixH. The chisquare and thetestresults are presented AppendixM and AppendixN
respectively.Appendix M represents the clsiquare result®f novices pretraining andpost

training while AppendixXN represents the 1 tditestresults of the twadests

Hypotheses

The studywas conducted to test the following hypotheses @ Tr ai ni ngo i n t hi s
students watching the gaze patterns of expert radiographers when analysing differentrajzest X

images.

Ho,1: There is no differenca the ability offirst yearstudentgo compaethe two lungs inachest
X-ray imagebefore and after trainingStudents are required to inspect both lungs when analysing
chest Xray image.The measurement being evaluated is their ability to successfully cothpare

two lungs whichrequires them to gaze at both lungs.

Ho,2: There is no differencm the ability offirst yearstudentdo check costophrenic anglas a

chest Xray imagebefore and after trainingrhe students are required to check costophrenic angles
for any abnormalities to determine the type of pathologies preSaments must assess the
complete visualisation of costophrenic angl€Beir ability to analyse costophrenic angles for
abnormalities is being evaluated, including identifying pathology on the costophrenic angles,

requiring both lungdcostofrenic angles to be gazet

Ho,3: There is nalifferencen the ability of first year students to identify a pathology on a chest X
ray image before and after trainingfhe students are required to analyse the chestyXmages
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and identify the pathology present on the imaljee assessment evaluates studistitaynostic

ability in accurately identifying chest-Kay pathology.

Ho4 Time to First Fixationon the pathologyn a chest Xay image(if present) of first year
studentss not lesaftertraining than it was before training?articipants must focus on the correct
AOI to identify pathologies. The metric dime to First Fixatiorindicates how long it took the

participant to fixate on the correct AOI for the first time after the stimuli were displayed.

Ho,s: Duration of Fixationon the pathologin a chest Xray imageof first-yearstudentss not less
after training than it was before trainingThis metric indicates how long eatikation lasted

within the AOI that covers the pathology.

Table 4.1 below is a breakdown of how each novice participant performed when analysing the
Pneumehaemothorax Xay image, based on the noviéessults presented in Appendix The

table displays the hypothesis statemetgoothesis listecabovg as well as the number of
participants who successfully analysed thea}{ image correctly and participants who did not
analy®the X-ray image correctly for each criteriofhe tablepresentshe number of participants

who successfullghecked both lungs, checked Costophrenic anglesenudatelyidentified the

pathology before training.
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Table 4.1: Breakdown of how each novice participant performed before training when

analysing the Pneumlsaemothorax Xay image.

Hypothesis Successful Unsuccessful
Participants Participants
Ho1: CBL 29 12
Hoz2 CCA 8 33
Hos CA 5 36

Legend: CBL = Check both Lungs, @C= CheckCostophrenic Anigs, CA = CorrecAnswer

A total of forty-one firstyear students volunteered to participate in the study, however, one student
did not attend the training, therefore, data could not be collectedifiparticipantiuring post

training data collection phasBased on the novicéposttraining results presented Appendix

H, below is a breakdown of how each participant performed when analysing the Pneumo
haemothorax Xay image Table4.2 below presents the number of participants who successfully
checked both lungs, checked Costophrenic angles and accurately identified the pathology, after
training.

Table 4.2: Breakdown of how each novice participant performedtpaatng when analysing

the Pneumdiaemothorax Xay image.

Hypothesis Successful participants Unsuccessful participants

Ho,1: CBL 40 0
Ho2 CCA 16 24
Hozs CA 31 9

Legend: CBL = Check both Lungs, & Check Costophrenic Angles, CA = Correct Answer
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The noviceépre-training and novicd&gposttraining results above were analysed usingscjuare.
The results are documentéu Appendix M. The hypotheses presented in Section 1.4 were
evaluatedand the novice8 pre-training results were compared with the novigessttraining
results in terms of analysing the chestay and identifying pathologies. The hypotheses, data
observed, chsquare test outcomemnd conclusions are presented in Table 4.3 beldwe
conclusions on Tablare based on yvalues after comparing the pind postraining data.

Table 4.3: Novicespre-training and postraining chisquare results and conclusions when analysing Pneumo

haemothorax Xay image.

Hypothesis Pre- Pre- Post Post p-value Chi- Conclusion
training  training training training square
(Success) (Failure) (Success (Failure) statistic
Ho1 CBL 29 12 40 0 <0.000 13.743 Significant
difference
Ho2 CCA 8 33 16 24 0.043 4.075 Significant
difference
Hos CA 5 36 31 9 <0.000 34.970 Significant
difference

Legend: CBL = Check both Lungs, & Check Costophrenic Angles, CA = Correct Answer

Table 4.4 below summarises «guare and-1ail t-testresults obtained from the novidgze
training results and postaining results for each image based on five criteria outlined in Section
3.3.6. The full results are presented in Appendiand Appendix H, and the full analysis is

presented in Appendid and AppendixXN. In the Table below, Y representstances where the
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difference is significant, therefore the null hypotheses recorded in Section 1.4 cannot be rejected
(p < .05).
Table 4.4: Significance of differences between novicesrgirting and postraining with respect to various aspects

of selected imageSignificant differences are indicated wifta Nonsignificant differences are

unmarked. Norapplicable entries are marked with

Image Time to First | Duration of Compare Check Correct
Fixation on Fixation on | both lungs | costophrenic answer
the pathology | pathology angles

Image 1_Lung Cancer Y Y Y
Image 11 Lung Cancer Y Y
Image 17_Lung Cancer Y Y Y Y Y
Image Y Y
2 Pneumonia_Ellipse &
Left
Image Y Y - - -
2_Pneumonia_Ellipse 2 &
Right
Image Y
7_Pneumonia_Ellipse 3
&left
Image Y Y - - -
7_Pneumonia_Ellipse &
Right
Image 12_Pneumonia Y Y
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Image Time to First | Duration of | Compare Check Correct
Fixation on Fixation on | both lungs | costophrenic answer
the pathology | pathology angles

Image 4_Pneumo Y
haemothorax
Image 14 Pneumo Y Y
haemothorax
Image 16_Pneumo Y Y Y Y Y
haemothorax
Image 5_Pleural Effusion Y Y Y
Image 10_Pleural Effusion N Y Y Y Y
Image 13_Pleural Effusion Y Y Y Y
Image 6_Pneumothorax Y Y Y
Image 9_Pneumothorax Y Y Y Y
Image 15_Pneumothorax Y Y Y Y
Image 3_Normal Image - - Y
Image 8_Normal Image - - Y Y
Y 11 10 6 13 12
% for Y 65% 59% 35% 76% 71%

The results summary table presented in Table 4.4 above summarisessteachiand the-thil

t-testof each image based on the five criteria outlined in Section. F&&columns at the end of

the table illustrate the percentage of Y and N responses for each criterion for all the images. The

analysis below is based on those percentages. The following conclusions were reached:
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1 Concerning Hypothesisddin Section 1.4, there are significant differences concerning the
comparison of lungs between the novice-fpagning and novice podtaining gaze
behaviour for 35% of the images.

1 Concerning Hypothesis ddin Section 1.4, there are significant differences concerning
checking costophrenic angles between the novicedrging and novice podtaining
gaze behaviour for 76% of the images.

1 Concerning Hypothesisddin Section 1.4, there are significant differences concerning the
correct answer between the novice-peening and novice podtaining gaze behaviour
for 71% of the images.

1 Concerning Hypothesisdd in Section 1.4, there are significant differences between the
Time to First Fixatioron a pathology between novice firaining and novice pogtaining
gaze behaviour for 65% of the images.

1 Concerning Hypothesisddin Section 1.4, there are significant differences between the
Durationof Fixationon the pathology of the novice pir@ining and novice po4taining

gaze behaviour for 59% of the images.

Table 4.5 below summariste Chi-square and-iail t-testresults presented in Table 4.4 and the
paragraph above. The results are related to hypotheseH{)s concerning different criteai
outlined in Section 3.3.6. It represents the hypahesnd the percentage of chestay images

that demonstrated significant differences and those that did not.
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Table 4.5: Novice préraining and postraining chisquare and 4ail t-testresults summary based on the five

criteria outlined in Section 3.3.6

Hypothesis Percentage of images with Percentage of images with no
significant differences significant differences

Ho,1: CBL 35% 65%

Ho,22 CCA 76% 24%

Hoas CA 71% 29%

Hoa4 T2FF 65% 35%

Ho,5: DoF 59% 41%

Legend: CBL = Check both Lungs, 8G Check Costophrenic Angles, CA = Correct AnsWetFF =

Timeto-First-Fixation, DoF = Duration of Fixation

Figure 4.1 below presents the summary of the results that are shownlapmaents a summary

of the outcomes of evaluating the hypothesis on various image criteria. The figure displays the
image percentage with a significant difference (p<.05) and the image percentage with no
significant differencép >.05) for each criterim In the figure below, Y represents p < .05 and N

represents M05.
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Figure 4.1: Percentage of images for which the Awipothesis can be rejected per criterion and
participant group based on novice piraining gaze behaviour when compared with

their posttraining gaze behaviour.

Based on Figure 4.1, Table /a@dTable 4.3, the novice results improved after the training. The
results revealed that there is a significant difference in the gaze behaviour of novice radiographers
for most of the imagebefore and after the training. The novice radiographers performed better

after the training. Therefore, the research objectives outlined in Section 1.3.3 were addressed.

4.2.2.1 Visualisation

Novicespretraining, and noviceposttrainingheat maps were analysédeat maps highlighted
areasof interest by providing an aggregated representation of the areas where participants most
frequently concentratedrorty-oneparticipants prdraining novice heat maps showedcattered

pattern of fixations with less attention paid to important anatomical regions. Thegdostg heat

maps, which included 40 participants, on the other hand, showed a more focused asddrgani

attention that was alignmentwith expert patterns.

Novices pretraining heat maps revealed the following key patterns:
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For lung cancer chest -Xay images fixations were not focused on the AQather, theywere
scattered throughout the lung fieldaimilarly, for pneumehaemothoraxchest Xray images,
novices displayed scattered fixations and lacked a @eas onsignificantareas.In case of
pneumonia chest -Xay imagesa lack of experience in recognizing abnormalitessociated to
pneumonia was evident from the dispersed visual attentikewise, r pleural effusionchest
X-ray imageshnovices focused on periphery, perhaps as a resuhieofnability to accurately

identify pleural effusions
Novices postraining heat maps revealed notablg@iovements

After training, participants showed a more concentrated gaabrarmalklreaf lung cancer X

ray images, indicating an improvement in their diagnostic techniques. In the same way, their
fixations on Xray images of pneumonia become more focused on the lung fields, which are where
pneumonia is frequently observed. When it cameXtoay images of pleural effusions,
participantdidentification of pleural effusions was better than it was before to training. Similarly,

a higher density of fixations was seenthe crucial areas of pneumothoraxra¢ images,

indicating improved attention to important locations.

After training, the heat maps revealeshare focun significantanatomicaktructuresindicating
better attentional allocatioThese resultglign with previousresearctby Gpakov & Mi ni o
(2007 andKlein & Ettinger (2019, which suggest thatitilising heat mag provide additional
advantagedy distinguishing between the multiple levels of observational inteasiassisting

in identifying fixation hotspots.
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4.3 Results summary

The findings of Brunyé et al. (2019) show thalvices focus on areas that are not of diagnostic
value were confirmed. For example, Figure 4.2 shows an example of combinedeaat wiaps

from novices, highlighting the areas of the chegt}Ximage that is not of diagnostic importance
when analysing chest-Kay images. The novicébeat mapsre recordedth AppendixE. Figure

4.3 shows the precise area where the novices had to fixate in contrast to their fixations in shown

in Figure 4.2.

Figure 4.2: Noviceheat magmage on pleural effusion-My image

Figure 4.3: AOI on pleural effusion-May image
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Resultsdemonstrated that novidgsre-training gaze behaviour differed from novice pwatning
gaze behaviouyespecially in identifying pathologies like lung cancer, pnetnraemothorax, and
pneumothorax The novices showed improvements when analysing some of the ntaggs

showed ability to concentrate dragnostic areas of the-bay image(Section 42.2).

Table 4.3 demonstrates that there is a significant difference betvoeees pre-training and
posttraining when it comes to comparing both lungs, with thealpe of <0.000. The results
indicate that all the novices successfully compared both lungs when analysing pneumo
haemothorax Xay image aftetraining. The table also shovesgnificant differences between
novice® pre-training and postraining when checking the costophrenic angles, wittalpe of

0.043. Lastly, the novices show some improvemdrgmidentifying the pathology present, with

the pvalue of <0.000. In conclusion, these results demonstrates that the training have significant

outcomes on the three criteria (CBL, CCA, CA).

The findings show that expert gaze behaviguesatly improve novicéskills for analysing chest
X-ray images, with improvements in patholadgntification and methodical search patterns.
These results offer insightful information to radiography lecturers and raise the possibility of more

widespread use of eyteacking technology in medical education.

Therefore, we can conclude that exp&gaze behaviour may influence the gaze behaviour of
novices when analysing chestry images. In previous studies where-ageking was used as a
training tool, results indicated that there was an improvement in task perfornfamces( al.,

2014). With these findings, lecturers will be able to notice studdrdads when analysing chest
X-ray images. Thus, the lecturers will be able to structure their guidance and give novices tips on

what to do and what not tamdvhen analysing chestpay images.
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4 4 Conclusion

In this chapter, the analysis of the results and data analysis methods used were discussed. The
findings were presented graphically and in a tabular drifhe next chapter discusses the
hypothesis and the research objectives. The teaching guidelipeeaentedand the noviceé

trends are highlighted. Additionally, the limitation of the studyad&nowledgedand future

research recommendations are suggested.
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Chapter 5 Conclusion

5.1 Introduction

The previous chapter presented the analysis ofdkigered data and presented the findings. This
chapter summarises what was discussed in the introduction chapter and discusses the discoveries
in the study. It presents the summary of the findings, reflection of hypotheses, conclusion remarks,

summary of ontributionsandrecommendations for further research.

52Rel ati onship between the studyos

Thes t u d y 0 sardinialigamemvgth previousstudies that highlight how gaze training can
increase diagnostiaccuracy Research has demonstrated that expert gaze patterns can greatly
improve novice8searchsignificantlyand decisiormaking in medical imagingd_€e et al., 2022
Gegenfurtner et al., 201Borg et al., 208). Similarly, research by Arthur & Sun (2022) and Quen

et al. (2021) supports the idea that structureeteaking training lowers interpretation errors and
enhances diagnostiskills. Comparedto earlier research the present study offeradditional
information about the efficacy oftructured training regimens that concentrate on lung
comparisons and costophrenic anglesessmentsThis study provides a more thorough
examination of how training influences pattiar diagnostic criteria, such as the time to first

fixation and duration of fixation on pathology

Research by Van der Gijp et al. (2017) and Borg et al. (2017) highlighted how expert gaze
behaviours can helpoviceradiographers become maattentiveand make better decisions. By
offering practical evidencef the impactsof focused training interventions, particularly in the

contextof chest Xray analysis the current study expands threseprevious findings.
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The following are some significant implications of firelings, which support the inclusion of

expert gaze training in radiography education:

A Including gazebased feedback mechanisms to improve student learning.

A Creating focused training plans with a focus on lung comparisons and costophrenic angle
checks.

A Making use of gazé&racking data to evaluate studédsvelopment and modify teaching

strategies.

5.3 Summary of Findings

Section 42.2 demonstrates a significant difference in novicpse and postraining gaze

behaviours for certain pathologies, with rejection ranging from 35% to 76% per image (bable 4.

This study provides insights for lecturers, allowing them to see stditeatge analysis habits and
trends. According to the findings, structured instruction based on expert gaze behaviours can
improve novice8performance in analysing chestrXy images, which aligns with prior studies

that used eyracking for training. These findings demonstrate thattegeking technology can

be a useful tool in training radiography students. The utilisation otragking when training

radiographers can improvevice radiographetsdiagnostic skills.

5.3.1 Reassessing the Research Objectives

The aim of the study was achieved through the research objectivebste@®in Section 1.3.3 and

the following conclusions were made:
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To address RQ gaze behaviour data was collected from Hfpesair Radiography students and
fourthryear Radiography students. Sections 3.3.4 and 3.3.5 discussed the process of data
collection. The images that were analysgéddendix A and the criteria that need to be followed

were discussed in Section 3.3.4.

The RQ was achieved by comparing the paed postraining gaze behaviour data of the novices
to determine whether the gaze behaviour of the fourth years has an impact on-yleafggfaze

behaviours. The data analysis process is outlined in Sec#ion 4.

To address R§)the study revealed the noviéssrategies and trends when analysing the chest X
ray images. The novices focus on areas that are not of diagnostic value and their eye movements
are chaotic (Section 2.5, & Sectior2yl AppendixE show examplesf combined set dieat maps

from novice®pre- and postraining as well as experteat mapsNovicedpre-trainingheat maps
indicate the initial area of focus when analysing the chesayXimages. Novices initially
demonstrated scattered fixation patterns, dividing their focus between different areas-ohiyhe X
image. This could indicate that they are not sure where tcentmate and they are not able to
recognisemportant diagnostic areas, resulting in inaccurate interpretations or missed diagnoses.
Appendix E pretraining heat mapsndicae that novices might not be familiar with diagnostic
areas of the chest-May image. These indicate that novices find it difficult to understand complex
areas of the chest-Ky image. Additionally, the aggregatbééat mapsnay indicate that the
novices fail to identify patterns that point to certain pathologies (such as pneumothorax or lung
cancer). Their lack of experience may be reflected in tieat map, which indicate a lack of

focused attention to such patterns.

Expertsheat mapsvere used to train the novices. After trainingyice® heat mapshowed

enhanced skills when it comes to focusing on relevant diagnostic areas. Additionally, novices
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demonstrated shorter fixation duration, indicating that they instantly recognised the pathology. The
training made it easier for novices to identify patterns. NogGipesttraining eye movements
indicated that the novices may start to mimic experts, who use a more methodical approach to
image analysisAfter training, novices paid less attentionaneas of the chest-¥y image that

are not of diagnostic importance. This indicates that novices have learned to filter out irrelevant
areas and concentrate on important diagnostic areas. Thagiostg data indicate successful
learning processdemonstratingthat the novices have acquired theecessaryjknowledgeto

effectivelyanalyse the chest-Kay images.

To discuss R@ lecturers can utilise eyteacking to structure their lessons and to train radiography
studentsHeat mapsand gaze plots can reveal the areas that students focused on during the chest
X-ray analysis. Therefore, lecturers can use this feedback to show students where they focused
during the analysis and explain to them if these areas were relevant or irrefalditionally, the
feedback can be used to identify significant areas the students might have missed. This allows
lecturers to target specific waadsses during their lessons and help plan their next lessons.
Furthermore, lecturers can adjust their teaching strategies to meet the needs of each individual
student based on the efracking results. Lecturers can teach students how expert radiographers
analy® X-rays by displaying theeat mapsind the gaze plots from experts. Expigpttterns and
techniques, on how to anag/the chest Xray image, where to fixate firstndhow to identify
pathologies quickly, can be taught to students. Sect®@ &ghlight more teaching guidelines

for radiography students using elyacking.
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5.3.2 Reflection on the Hypotheses

The hypothese®r the study were listed in Section 1.he€lfollowing conclusions were made:

Ho,.: Table 4.4 on CBL shows that a significant difference was observed in 35% of the images
when novices compared both lun§imce no significant difference could be found for most of the
images Ho,1 cannot be rejectedlhis shows that &ge behaviours cannot distinguish between
chaotic eye movements across the image and participants checking both lungs. Studies suggest
that novices tend to have disorganised eye movements (Borys & PlechAldglla, 2017). As a

result, it is likely that pdicipants appeared toe comparing both lungs before training whereas

they were uncertain where to concentrate their attenkaure 213 demonstrates a novice
observes disorganized eye movements. Alternatively, the participants could have simply

examined both lungs as per the criteria of analysing the chiest. X

Ho,2: Table 4.4 on CCA demonstrates thatr#he a significant difference betwe@ovice®pre-

and postraining when checking the costophrenic andgle. may be rejected for 76% of the
images when novice pq@ost training results are compared. Indicating that most participants
looked at the costophrenic angles, which is an important diagnostic procedure for pleural effusions
and other disorders. The traigimas beneficial because 13 out of the 17 cases showed significant
posttraining differences, suggesting that participants became more thorough when analysing the

chest Xray images.

Ho,3 Table 4.4 on CA suggests that participants accurately identified the pathologgt of the
casesdemonstrating good overall diagnostic ability. The correct identification of pathologies after
training significantly improved in 12 out of the 17 cases. Additionally, the na@gegs behaviour

data indicated that there is an improvement after the training. Moreover, correctly identifying the
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pathology does not necessarily mean that the observer fixated on or was aware of the pathology,
it could be a result of conjecture or chance. Furthermore, gaze behaviours cannot distinguish
between participants who knew how to identify the pathology amgdrticipants who identified

the pathology correctly by chandéherefore correctlyidentifying pathology critedn, combined

with other criteria such ascheckingthe costophrenic anglefixating on the pathology, and

checkingboth lungs, contributes tmoreaccurataesults.

Ho,4 Table 4.4 demonstrates that there is a significant difference behoeme®pre- and post
training T2FF chi-square and-testresults. This suggests that after the training, participants were
instantly drawn to the pathology. Table 4.4 indicates that the training was beneficial in this area
because 11 out of the 17 images had a significant difference Tintleeto First Fixatiorafter the
training. TheTime to First Fixationon the pathology does not always indicate whether the
participant completelyinderstands what they are doing. This metric is used to determine how
quickly a participarts gaze is drawn to the patholodyidwig et al. (2022) states that cognitive
errors occur when an imaging specialist fails to notice a pathology despite focusing on it. As a
result, a participannight quickly gaze at the pathology and fail to accurately identify it (Section
2.2.5).However, a shorteFime to First Fixatiormay indicate faster recognition of the pathology,

implying a higterlevel of expertise.

Ho,s Table 4.4 DoF criteria demonstrates that after the training more participants focused on the
pathology for a significant amount tifne andwere better at recognising the pathology. Therefore,
Ho,smay be rejected for 59% of the images after training. The findings indicate that the fixation
duration on pathology was significantly different in 10 out of the 17 images after training,
suggesting that the training may have enhanced the participanty bibcus on diagnostically

relevant areas of the chestrXy image. However, a longer fixation duration on the pathology may
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indicate a more thorough analysis or attentive assessment of pathology. It could also imply an
increased engagement or cognitive processing. On the contrary, a Booatesnof Fixationmay

indicate faster recognition, which may be related to higher expertise.

A significant posttraining performance was shown in the participdalslity to correctly analys
a chest Xray image suggesting that the training significantly improved participabtbty to
focus on significant areas of the image. In conclusion, Tabfe dada demonstratehattraining
hassignificantly improvednovice® diagnostic abilitiesegardingTime to First Fixation on the
pathology Duration of Fixation on pathologgheckingcostophrenic angles and correcty
identifying pathologiesWhen analysing the chestrdy images, the influence of expétmze

behaviours on novices is confirmed.

5.3.3 Teaching guidelines for radiography students usingteaking

This study provides insights for lecturers, allowing them to detect st@d@aige analysis habits

and trends. According to the findings, structured instruction based on expert gaze behaviours can
improve novice§performance in analysing chestray images, which aligns with prior studies

that used eydracking for trainingFor exampleArthur and Sur(2022)assessethe use of eye
tracking and concluded that it could improve educational methodsmtargretation techniques

for novices Additionally, Gegenfurtner et al. (2017) conductetevaluation and discovered that
eyetracking technology is beneficial in medical education for monitoring and improving
performanceThese studies demonstrate that incorporatingtgking technology intteaching

can effectivelyenhancehe diagnostic skills ofiovices aligningwith the findingsof the current

study:.
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The students were shown how to visit the correct elements during the ef@saialysis. The
aggregation of the expe@tkeat mapsand the gaze plots were used to show the student which
elements to visit. Redime feedback based on studéreage movements were providethese
data allow lecturers to highlight areas thatmore attention from the students. Based on this data
lecturers can highlight the areas that may need improvement. The gaps in étadelytss

techniques may be identified by the lecturers.

Lecturers can instruct students to focus on significant anatomical areas during the-ciest X
analysis, as they can see where the students focused. The usedratleyg guides studerds
attention to the crucial areas. With the riale feedback from ey&acking, the lecturers can
instantly modify the eye movements of the students and enhance their ability to recognise
pathologies. Furthermore, studdifisogress can be evaluated over time usingteaking data,

which reveals improvements in theiradysis skills and pathology identification. Lecturers can use
this information to plan their next lessons and how they can guide students to focus on significant

relevant areas.

5.3.4 Correct answer vs fixating on the AOI

The study demonstrated that correctly identifying the pathology does not necessarily mean the
participants focused on relevant areas. BruvialkerandAbujudeh(2015) argue that participants

must focus on the pathology to correctly identify the pathology. During data collection, the
researcher observed that some participants who did not fixate on the AOI manage to identify
pathology correctly. This could mearattparticipants only guessed the correct pathology based
on the options that were provided. Hig®.1 below shows one caseadfung Cancer chest-Xay

image where participant 10 did not fixate on the AOI but still managed to correctly identify
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pathology correctly. This is not the only case of this nature; more cases can be observed in

AppendixL.
Criteria
Check
Compare both | costophrenic Looked at the

Participants lungs angles Correct answer | AOI

Participant 1 Yes Yes No Yes
Participant 2 Yes Yes No Yes
Participant 3 Yes No Yes Yes
Participant 4 Yes Yes No No
Participant 5 Yes No No Yes
Participant 6 Yes Yes No Yes
Participant 7 Yes No No Yes
Participant 8 Yes No No Yes
Participant 9 Yes Yes No Yes
Participant 10 Yes Yes Yes No

Figure 5. 1. An Example of a case of Lung Cancer chaalymage where participant did not fixate on the AOI

but still managed to correctly identifiie pathology

5.4 Discussion of problems

While the hypothess have been confirmed, it is crucial to consider different characteristics
amongst novices and their cognitive abilities. Future research could investigate individualised
training approaches to enhance the beneficial effects of expert gaze behaviour. Thelisfore,
suggested that eyteacking technology can be usacrossall levels of radiographtraining, from

first-yearlevel tofourth-year.

5.5 Concluing remarks

This study ained to use eydracking technology to guide radiography students on the correct

elements to visit when analysing the chesa}{imagesand how to correctly identify pathologies.
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The study airad to address the research questidon: what extent does the gaze behaviour of
radiography experts influence the gaze behaviour of radiography students when analyayng X

imageseveloping research objectives was critical to answering the research question.

The findings demonstrate that elyacking technology can be a useful tool in training radiography
students. The utilisation of eymcking when training radiographers can improve novice

radiographe@diagnostic skills.
5.6 Recommendations for implementation

Using a single ey&racking metric may not capture the full details of cognitive processes or visual
attention but may still provide useful data. Sectid®highlight participants who did not fixate

on the correct AOI but still managed to correctly identify the pathology. This demonstrated that
correctly identifying the pathology does not necessarily mean the participants focused on relevant
areas. Therefer, to accurately interpret the particip@ntomprehension and cognitive processes,

it is importantto use different metrics. Sections 3.3.6 and 3.3.11 highlight the criteria used to
analyse the data collected. The findings support the use-tfasjeng technology in Radiography

to train the students and to improve teaching.

Eyetracking may also be used as a form of evaluating tool for examinafigesrackingdata

can be used to evaluate individual performance and deliver individualised comments. Highlight
the strengths and areas for improvement to personalise the instruction to eacts repécéic

need. The lecturer will therefore be able to see where the students focuaadtbis will also

give an insight into whether the pathology was guessathetherthe student truly focused on

relevant areas.
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The use of ey#racking technology in radiography education can be enhanced, resulting in
increased diagnostic accuracy and confidence among novices. This strategy ensures effective,
individualisedandconstantly evolving training to fit the needs of students and the demands of the

Radiography field.
5.7 Summary of Contributions

Incorporating eydracking with radiography leads to diagnostic improvements. This technique
assists in distinguishing between novice and expert radiogrégfes behaviours, providing
significant insights regarding image analysis habits and trends. This comprehension can lead to

greater diagnostic efficiency and accuracy.

Eyetracking is a useful tool to assess students during examinations. The usdratkyg can

assist lecturers in determining if students focused on the relevant areas after correctly identifying
the pathology. Ey#racking can reveal the areas obsdnby the students and whether they
followed the criteria when analysing therXy images. Consequently, the students will also learn

to follow the correct criteria and gain confidence when analysing ity ¥mages. Radiography
lecturers can improve tedoly methods by utilising eygacking data. According to the findings,
structured education based on expert gaze behaviours has the potential to improve the performance

of novices when analysing chestrXy images.

5.8 Limitations of the Study

This research, like any other, had limitations. Due to the deployment of distant learning, three
fourth-year students withdrew from the study. This decision was motivated by the fact that data
gathering took place during the COWI restrictions, which pwvented some students from going

to campus. Consequently, the generalisability of the findings was aff@¢tedindings of the
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study cannot be genersdd due to the small sample size and the use of aeprasentative

sample.

Anotherlimitation of the study was the use of foustear students as a reference group for egpert
Sincethese students are still in training, using experienced radiographers as the expert benchmark

could have resulted ignificantly differentresults

Furthermore, grametric itests were done without verifying normality of data. Although very
unlikely, nonparametric tests might have led to different results. Tests for normality will be

included in followup studies.

Lastly,during data collection, the researcher discovered that some partidpaetslyidentified
the pathology withoufixating on the AOI. Thissuggestghat participants may haworrectly
identified some pathologies by guessjras the list of possible pathologies vpassentediuring

data collection process

5.9 Suggestions for future research

The study focuses on how novidgmze behaviours are influenced by the gaze behaviours of
experts. Future research could be conducted to see if it would be more effective if expert
radiographers were to develop an optimised, specific search pattern to train novice radiographers.
This andysis could reveal whether novices can learn faster by utilising elpegearch patterns,

which might lead to improved efficiency and accuracy when analysing chasti¥ages.

5.10 Summary

This study sheds light on how the expégaze behaviour impacts the novidgaze behaviours

during chest Xray image analysis. Valuable insights have been gathered usifigaekiag
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technology, laying the groundwork for instructional advances in radiography education. The study
has demonstrated that the use of-ggeking in radiography can improve the novitgsze
behaviourLecturers can use eyecking technology to structure their lessons and may also use

eyetracking for assessments.

In summary, eyd#racking in radiography contributes to educational advancements, training
improvement, diagnostic process improvemanigthe supply of practical guidance for lecturers.
These contributions together contribute to the growth of radiography education, encouraging an
increased knowledge of gaze behaviours and improving radiography profe€smreiall

performance.
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Appendix AT Stimuli

1. Introduction

This appendix consists of documentation of the stimuli used in the research. It includes the chest
X-ray images that novices and experts analysed during the experiment. This appendix is referenced

in Section 2.2.2, Section 3.3.1 and Section 3.3.4. Ivigel into three sections, namely:

1 Pilot study stimuli These are the images that were used during a pilot study. A pilot study
was conducted to ensure that the most suitable stimuli are used for the studyra8ix X
images were used for the pilot study (Section 3.3.1).

1 Pretraining stimulii There are images that were analysed by novices and experts before
that training took place&seventeetX-ray images were used (Section 3.3.4).

1 Posttraining stimulii These are the images that were analysed by the novices after the

training. Seventeen-Xay images were used.
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2. Pilot study stimuli

Figure 2.1: Pneumdnaemothorax Xay imagein the left lower lundSourced from department picture

library)

Figure 22: Lung Cancer Xay imagein the left lower lobgFile:Chest Xray.Jpg2016)
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Figure 23: Pneumonia Xay imagein both theleft and the right lungRad_doc, 2013)

Figure 24: Pleural Effusion Xray imagein the right lower lungPanjwani & Zaid,2017)
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Figure 25: Pneumothorax »ay imagein the right upper lungSourced from department picture library)

ﬁ}l 5

Figure 26: Normal Xray image(slight Right hemi diaphragm tentipfRad Crit n.d.)
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3. Pretraining Stimuli

Figure 3.1: Pneumtnaemothorax Xay imagein the left lower lundSourced from department picture

library)
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Figure 3.2: Lung Cancer Xay imagein the left upper lungBickle, 2017

|III\‘\III|\\\I{IIIE£

Figure 3.3: Lung Cancer Xay imagein the left lower lungFile:Chest Xray.Jpg2016)
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Figure 3.4: Pneumonia-Xay imagein boththe left and the right lun¢Rad_doc, 2013)

Figure 3.5: Pleural Effusion Xay imagein the right lower lungRadiopeadian.d.)
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Figure 3.7: Lung Cancer -Xay imagein theright lower lung(Gaillard, 201()
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Figure 3.9: Pneumonia-Xay imagein both theright and the left lungHacking, Campos & Murphy2015)
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Figure 3.10: Pleural Effusion Xay imagein the right lung(Panjwani & Zaid, 2017)

Figure 3.11: Pneumdnaemothorax Xay imagein the right lung(Sourced from department picture

library)
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Figure 3.12: Pneumothorax-Ky imagein the right upper lungSourced from departmepicture library)

Figure 3.13: Normal Xay image(Sourced from department picture library)
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Figure 3.14: Pleural Effusion Xay imagein the left lower lundSourced from department picture library)

Figure 3.15: Pneumothorax-pay imagein theright lung (knipe, 2014)
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Figure 3.17: Normal Xay image(Sourced from department picture library)
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4. Posttraining Stimuli

Figure 4.1: Lung cancer Xay imagein theleft upper lungBickle,2017)

Figure 4.2: Lung cancer Xay imagein the left upper lungWillsie, 2010)
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Figure 4.3: Lung cancer Xay imagein the left lower lundGaillard, 2015)

R T N

Figure 4.4: Pneumonia-Xay imagein both the left and theght lung (Rad_doc, 2013)
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Figure 4.5: Pleural effusion >Xay imagein the right lower lungPanjwani & Zaid, (2017)

—

-é

Figure 4.6: Pneumothorax-Kay imagein the right lung(Knipe, 2014)
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Figure 4.7: Pneumtaemothorax Xay imagein the leftlower lung(Sourced from department picture

library)

Figure 4.8: Normal Xray image(Bickle, 2016)
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Figure 4.9: Normal Xray image(X-ray interpreter, n.d.)

Figure 4.10: Pleural effusion-xay imagein the right lower lungMoor, 2023)
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Figure 4.11: Pleural effusion Xay imagein the left lower lundGaillard, 2013)

Figure 4.12: Pneumdnaemothorax ay imagein the right lower lungde Wolf, Deunk, Cornet &lbers

2014)
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Figure 4.14: Pneumonia-¥ay imagein both the left and the right lun@ourced from department picture

library)
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Figure 4.15: Pneumonia-¥ay imagein the right lunghttps://gr.pinterest.com/pin/368380444514610)94/

Figure 4.16: Pneumothorax-#ay imagein the left lung(Smith, 2015)
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Figure 4.17: Pneumothorax-¥ay imagein the right lung(Sourced from department picture library)
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AppendixB: Answering sheet

1. Introduction

The participants were given questions based on the type of pathology present on eachaghest X
image. The researcher recorded the answergaperxbased answering sheet for each participant
as they examined the chestay images. This appendix contains the answer sheet that participants

used. This appendix is referenced in Section 3.3.10.
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2. Answering sheet

Table 1.1: Answering sheet

Eye-tracking Test

Student Name:

Student Number:

X-ray Image No.

Did you see any

abnormality?

If yes, what kind of abnormality did you see?

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

> > >: > >: > > >: > >: > >: > >

| have no idea
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A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

A Yes

A No

P S I e - e I < S P < I D < P < P e S P <

Pneumonia

Pleural effusion

Pneumothorax

Pneumehaemothorax
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>

Lung Cancer
Normal X-ray

| have no idea

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

A Yes

A No

p2EED T P <D - I I < IS B - < < S < P < T D I S S <

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea
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10

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

11

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

12

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

13

A Yes

A No

P S I e - e I < S P < I D < P < P e S P <

Pneumonia

Pleural effusion

Pneumothorax

Pneumehaemothorax
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>

Lung Cancer
Normal X-ray

| have no idea

14

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

15

A Yes

A No

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea

16

A Yes

A No

p2EED T P <D - I I < IS B - < < S < P < T D I S S <

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea
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17

A Yes

A No

pEED D P < - N <

Pneumonia

Pleural effusion
Pneumothorax
Pneumehaemothorax
Lung Cancer

Normal X-ray

| have no idea
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AppendixC i Preparation material

1. Introduction

This appendix presents tiheaterial based on chestrdy pathologies that was proviti® first-

year students to prepare theeyetracking test. This preparation material was thdmgedand

the students were given a week to go through the lesson before being tested. This preparation
material is referenced in Section 3.3.3. The preparation material provided was uploaded on eThuto
T which is an online Blackboard portal of CUT via which studesittain crucial program
information by logging into the university website, so that all the students who are part of the study

may have access to the lesson.

134



!'- INDICATIONS FOR CXR

Pathology introduction



2. Normal lung




3. Indication (Why?)

A Patient to theatre

A Condition of lungs (PA & Lat)

A Patient in ICU

A AP semierect (monitoring)

A Situs Inverss



A EXpect organs on other side.
A Aspiration
AP & Lat (foreign objects in bronchi)

A Pathology(cancer, TB, pneumonia, ekc



4. Lung cancer







Bronchiectasis

A widening of bronchi, filled withmucus from

repeated infections.

Bronchitisi acute or chronic

>

>

Mucusin bronchi, shortness of breath

Pneumonia

>

>

Result inoedema

>

Exposure factors y because of f



Cystic Fibrosis -
Bronchiectasis
Bilateral diffuse
Multiple cavities /
Bronchiectasis
Peribronchial
fibrosis
Prominent hilum
Hyper inflated




5. Pneumonia




6. Pneumonia/inflammation

Normal, healthy
bronchiole
and alveoli

Lung Infection
Accumulation off
fluid in the alveali,
thickened
alveolar walls




Alveolar Pneumonia

A Inflammation of the lungs Lung Infection
where alveoli are filled with
iInflammatory exudate (fluid)

Normal, healthy
bronchiole
and alveoli

A Patient has problems with
breathing

A Routine projections

Lung Infection
Accumulation off
fluid in the alveoli
thickened
alveolar walls

A Air-bronchogram sign

A AiIr in bronchi, but alveoli
filled with fluid.

11



Lung Infection

The air column in the
bronchi beyond the
4th order becomes
recognizable if the
surrounding alveoli are
filled, providing a
Contrast, or if the
bronchi get thickened

12



/. Air bronchogram

- -
y bronchogram

1

L" air \ ¥ ~ ‘
(~ >

e 1 ;

L
Bronchogram |,
[
o,.l
»
/ | -‘l.‘o-
- - |
S
ot s
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Pulmonary Edema (fluid in alveoli)

Acute onset i heart failure

Bilateral diffuse alveolar
disease

Bilateral pleural effusions
Costophrenic angles at the
bottom clearance with
treatment

14



8. Lung Emphysema

A Terminalbronchioles becomalilated.

& lose effectiveness (hyperinflation)
A Breathing difficult
A Increased dimensions of lungs
A Routine projections

A Exposure factors lowered to prevent overexposed radiographs.
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alveoli affected

normal alveoli by emphysema

bronchial tube

alveoli (air sacs)

© 2013 Encyclopeaedia Britannica, Inc.
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9. Emphysema (repeat)

A Chronic lung disease

A Alveoli air spacebecome enlarged.

A Loss of alveolar elasticity

A Air cannot be expelled during expiration.
A Increased lung dimensions (baroblest)

A Obscure costophrenic angles

A Elongated shadow.

A Radi olucent lungs (Z exposure fac

17



Emphysema

18



A lateral chest xay of a person with emphysema. Note llaerel chest and flat

diaphragm.
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10. PLEURAL EFFUSION

A Abnormal accumulation dfuid in thepleural cavity

A Haemahoraxi accumulation obloodin pleural cavity

A PA & Lat erect (to see level of fluidy lateral decubitus

(patient must lie on side of haemothorax if possible)

20



11. Pleural effusion




12. Pleural Effusion

A Fluid in the pleural cavity
A PA Thorax (erect)

Or

A Lat decubitus (lie on pathology side)
A Penetrated PA Thorax

A AP supine (to determine if fluid is localized/spread with
position change)

22



13. Decubitus pleural effusion

23



14. Hemothorax (white)

A Accumulation of BLOOD Iin the pleural cavity

A Partial or total collapse of lung tissue
A Chest pain
A Affected lung displaced from chest wall.

A No lung markings seen in region of collapsed lung.

A Lat Decubitus with affected side on top (if patient cannot

stand

24



15. Pneumothorax

A Air in the pleural cavity resulting from trauma & can cause koi@pse.

A PA thorax (erect) on inspiration
A PA thorax (erect) on expiration (+5kVp)
A Lateral (trauma side nearest film)

N

A Intra-pleural pressurg during expiration press lungs together to demonstrate

pneumothorax more clearly.
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Pneumothorax (black) rightio lung markings

26



Right-sided spontaneous pneumothorax (left in the image). An arrow indicating the edge of the

collapsed lung.
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Pneumothorax

P Trachea

Right lung

Ribs

Left main
Upper lobe bronchus
Middle lobe

Lower Lobe

Normal lung

Large
pneumothorax
A lot of air collects and

pushes on the lung and
heart

pneumothorax

Air collects between y
the lung and the ——
chest wall

© 2007 MedicineNet, Inc Treatment of a |arge
pneumothorax

Trapped air is removed by
using a chest tube

Pneumothorax
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16. PNEUMOTHORAX (black)

>

Accumulation of air irthe pleural cavity

p)

Partial or total collapse of lung tissue

>

Chest pain

p)

Affected lung displaced from chest wall.

>

No lung markings seen in region of collapsed lung.

A PA on inspiration, PA on expiration (why?) and Lat (side of pathology)

A Lat Decubitus withaffected side on top (if patient cannot stand

29



i 5:

Commonly employed radiographic protocol
for pneumothorax detection is to perform
inspiration and expiration PA/AP erect
chest radiography. It is noteworthy that

the expiration image can be useful for
detection because the pneumothorax is
likely to increase isize. The inspiration
image is required for measurement of the
pneumothorax i.e. sizing



17. Left / Right Lateral Decubitus

A For airfluid levels (result in AP or PA)

A Pt onL/R side, arms above head, ant/post aspect in contact with

IR, anatomical planes correct, knees bent.

A Centre to middle of the ant/post aspect of thorax to the middle

of the IR

A CR: horizontal & to the IR

31



18. Left Lateral Decubitus (AP)

Snecial
AP s un
semierect

|l at de c

C.onvrinht © 2010 hv Moshv Inc. an affiliate of
Flsevier Inc.
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Let us revise.

A Pneumethorax air in pleural cavity

Lat Decubitus withaffected side on to((if patient cannot stand)

A Hemopneumo thorak blood & air in pleural cavity

A Same projections as pneumothorax

A Hemothoraxi blood in pleural cavity

A Projections as for demonstration of fluid levels

Lat Decubitus withaffected side below(if patient cannot stand)

33



19. Pneumohemothorax

34



20. Lung Apices

A

Indications:

Lesions in the lung apices

Tuberculosis

AP Axial Projection (lordotic position)

To project clavicles away from the apices
24 x 30 cm cassette (crosswise)
180 cm FFD

Suspended inspiration

35



21. APLordotic

Copyright © 2010 by Mosby,
Inc., an
affiliate of Elsevier pecial |
AP s up|l
Semi-erect
A Lat delc
A AP | o

Horizontal CR tamidsternum

Inc. 35
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Lung Apices cont.

A Pt erect with post aspect against bucky.

2

Step Yameter forward
A Lean backwards 385° with post aspect of shoulders & neck on bucky
A Shoulders at same level

A Centre on MSP just inferior of clavicles to middle of the IR.

A CR: horizontal & to the IR

37



Lordotic Position (AP Axial Projection)

38



22. Miliary Tuberculosis

39



Tuberculosis
Left upper lobe
cavity

40



23. How to scaldUSTfor pathology (not
criteria)

A Apex

A Scan both lungs

A Check costophrenic angles.

Plan and pattern

41



AppendixD i Areas of Interest

1. Introduction

This appendix consists of areas of interest on the area where pathology is present on the chest X
ray images that are being analysed by participants. These are areas that participants had to focus
their attention on during the eyeacking experiment. Thesareas are parts of the chestay

images that have pathologies. Pathologies present on the images are presented in Section 3.3.4.

This appendix is divided into two sectionmamely:

1 AOIls on pretraining stimulii These are the imagdisat were analysed by experts and
novices before training.
1 AOIls on postraining stimulii These are the images that were analysed by novices after

training.
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2. AQOIs on pretraining stimuli

Figure 2.2: AOI on Lung Cancer-iy image
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Figure 2.3: AOI on Pneumonia-bay image

Figure 2.4: AOI on Pleural effusion-day image
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Figure 2.6: AOI on Lung Cancer-iy image
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Figure 2.7: AOI orPneumothorax »ay image

Figure 2.8: AOI on Pneumonia-bay image
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Figure 2.9: AOI on Lung Cancer-iy image

Figure 2.10: AOI on Pleural Effusion-iy image
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Figure 2.11: AOI on Pneumbaemothorax ay image

Figure 2.12: AOI orPneumothorax Xay image
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Figure 2.13: AOI on Pleural EffusioX-ray image

Figure 2.14: AOI on Pneumothoraxrdy image
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Figure 2.15: AOI on Pneumbaemothorax ay image

3. AQOIs on postraining stimuli

Figure 3.1: AOI on Lung Cancet-ray image
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Figure 3.2: AOI on Pneumonia-bay image

Figure 3.3: AOI on Pleural Effusion-Kay image
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Figure 3.5: AOI on Pneumbaemothorax Xay image
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Figure 3.7: AOI on Pleural Effusion-Kay image
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Figure 3.9: AOI on Pneumonia-bay image
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Figure 3.11: AOI on Lungancer Xray image
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Figure 3.12: AOI on Lung Cancer-pay image

Figure 3.13: AOI on Pneumoniabay image
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Figure 3.14: AOI on Pleural Effusion-May image

Figure 3.15: AOI on Pneumbaemothorax Xay image
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AppendixE: Heat map

1. Introduction

This appendix presents theat map that were gathered as participants analysed the chagt X
images. Aggregatetleat map were generated from all noviéesnd from all expertsgaze
behaviourandthey were used to show the areas where the density of fixations was the highest.
Heat map use a colour scheme to show the t@tatation of Fixatiors on various areas of a
stimulus. Warm colours on tleat magsuch as red and yellow, show areas teetivedhe most

visual attention. The expeéiseat map ae referenced in Section 3.3.6 andnlogice®heat maps

are referenced in Sectior22.
This appendix is divided into three sections, namely:

1 Novicedpretrainingheat mapi aggregatedheat map gathered from 41 novices before
training when analysing the images.

1 Noviceposttrainingheat mapi aggregatedheat map gathered from 40 novices after
training when analysing the images.

1 Expert®heat mapi aggregatedheat map gathered from 23 experts when analysing the

images.
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2. Novice$pre-training heat maps

Figure 2.1: Heat map on Pneunftaemothorax ay image (41 participants)

Figure 2.2: Heat map on Lung Canceiry image (41 participants)
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Figure 2.3: Heat map on Pneumoniaray image (41 participants)

HeatMap
Draw: 64828us
FPS: 15

Figure 2.4: Heat map on Pleural Effusionrfdy image (41 participants)
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Figure 2.5: Heat map on Pneumoniaray image (41 participants)
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